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A B S T R A C T

Background

People with asthma may experience exacerbations, or 'attacks', during which their symptoms worsen and additional treatment is
required. Written action plans sometimes advocate a short-term increase in the dose of inhaled corticosteroids (ICS) at the first sign of an
exacerbation to reduce the severity of the attack and to prevent the need for oral steroids or hospital admission.

Objectives

To compare the clinical eIectiveness and safety of increased versus stable doses of ICS as part of a patient-initiated action plan for the
home management of exacerbations in children and adults with persistent asthma.

Search methods

We searched the Cochrane Airways Group Specialised Register, which is derived from searches of the Cochrane Central Register of
Controlled Trials (CENTRAL), MEDLINE, Embase, and CINAHL (Cumulative Index to Nursing and Allied Health Literature), and handsearched
abstracts to 20 December 2021. We also searched major trial registries for ongoing trials.

Selection criteria

We included parallel and cross-over randomised controlled trials (RCTs) that allocated people with persistent asthma to take a blinded
inhaler in the event of an exacerbation which either increased their daily dose of ICS or kept it stable (placebo).

Data collection and analysis

Two review authors independently selected trials, assessed quality, and extracted data. We reassessed risk of bias for all studies at the
result level using the revised risk of bias tool for RCTs (Risk of Bias 2), and employed the GRADE approach to assess our confidence in the
synthesised eIect estimates. The primary outcome was treatment failure, defined as the need for rescue oral steroids in the randomised
population. Secondary outcomes were treatment failure in the subset who initiated the study inhaler (treated population), unscheduled
physician visits, unscheduled acute care, emergency department or hospital visits, serious and non-serious adverse events, and duration
of exacerbation.

Main results

This review update added a new study that increased the number of people in the primary analysis from 1520 to 1774, and incorporates
the most up-to-date methods to assess the likely impact of bias within the meta-analyses. The updated review now includes nine RCTs
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(1923 participants; seven parallel and two cross-over) conducted in Europe, North America, and Australasia and published between 1998
and 2018. Five studies evaluated adult populations (n = 1247; ≥ 15 years), and four studies evaluated child or adolescent populations (n =
676; < 15 years). All study participants had mild to moderate asthma. Studies varied in the dose of maintenance ICS, age, fold increase of
ICS in the event of an exacerbation, criteria for initiating the study inhaler, and allowed medications. Approximately 50% of randomised
participants initiated the study inhaler (range 23% to 100%), and the included studies reported treatment failure in a variety of ways,
meaning assumptions were required to permit the combining of data.

Participants randomised to increase their ICS dose at the first signs of an exacerbation had similar odds of needing rescue oral
corticosteroids to those randomised to a placebo inhaler (odds ratio (OR) 0.97, 95% confidence interval (CI) 0.76 to 1.25; 8 studies; 1774

participants; I2 = 0%; moderate quality evidence). We could draw no firm conclusions from subgroup analyses conducted to investigate the
impact of age, time to treatment initiation, baseline dose, smoking history, and fold increase of ICS on the primary outcome. Results for the
same outcome in the subset of participants who initiated the study inhaler were unchanged from the previous version, which provides a
diIerent point estimate with very low confidence due to heterogeneity, imprecision, and risk of bias (OR 0.84, 95% CI 0.54 to 1.30; 7 studies;

766 participants; I2 = 42%; random-eIects model). Confidence was reduced due to risk of bias and assumptions that had to be made to
include study data in the intention-to-treat and treated-population analyses. Sensitivity analyses that tested the impact of assumptions
made for synthesis and to exclude cross-over studies, studies at overall high risk of bias, and those with commercial funding did not change
our conclusions.

Pooled eIects for unscheduled physician visits, unscheduled acute care, emergency department or hospital visits, and duration of
exacerbation made it very diIicult to determine where the true eIect may lie, and confidence was reduced by risk of bias. Point estimates
for both serious and non-serious adverse events favoured keeping ICS stable, but imprecision and risk of bias due to missing data and
outcome measurement and reporting reduced our confidence in the eIects (serious adverse events: OR 1.69, 95% CI 0.77 to 3.71; 2 studies;
394 participants; I2 = 0%; non-serious adverse events: OR 2.15, 95% CI 0.68 to 6.73; 2 studies; 142 participants; I2 = 0%).

Authors' conclusions

Evidence from double-blind trials of adults and children with mild to moderate asthma suggests there is unlikely to be an important
reduction in the need for oral steroids from increasing a patient's ICS dose at the first sign of an exacerbation. Other clinically important
benefits and potential harms of increased doses of ICS compared with keeping the dose stable cannot be ruled out due to wide confidence
intervals, risk of bias in the trials, and assumptions that had to be made for synthesis. Included studies conducted between 1998 and 2018
reflect evolving clinical practice and study methods, and the data do not support thorough investigation of eIect modifiers such as baseline
dose, fold increase, asthma severity and timing. The review does not include recent evidence from pragmatic, unblinded studies showing
benefits of larger dose increases in those with poorly controlled asthma. A systematic review is warranted to examine the diIerences
between the blinded and unblinded trials using robust methods for assessing risk of bias to present the most complete view of the evidence
for decision makers.

P L A I N   L A N G U A G E   S U M M A R Y

Increasing the dose of inhaled steroids or continuing the usual dose to treat asthma attacks in adults and children

Key messages

People who follow an action plan to take an inhaler containing an increased dose inhaled corticosteroids at the start of an asthma attack
instead of a stable dose are probably as likely to worsen and need oral steroids. Other benefits and harms are uncertain, but overall studies
that used 'blinded inhalers' so participants and staI were unaware of who received an increased dose did not suggest a benefit for people
with mild to moderate asthma. It should be noted that more favourable results for poorly controlled asthma have been found in recent
studies that were not eligible for this review because blinded inhalers were not used.

What is asthma?

Asthma is a common, long-term lung condition that causes cough, shortness of breath, and wheezing. People with asthma oRen experience
short-term worsening of symptoms known as exacerbations, or 'attacks', that range from mild to life-threatening.

Why is this important for people with asthma?

Asthma attacks are frightening for people with asthma and oRen require urgent treatment at home or in hospital. Knowing how best to
control asthma attacks at the first sign of symptoms is important to avoid the need for oral steroids or emergency treatment in hospital.

Inhaled corticosteroids are a common treatment for asthma that are taken daily to reduce the likelihood of attacks occurring. Written
action plans are given to people with asthma to tell them what to do if their symptoms do worsen, and these sometimes recommend a
short-term increase in the dose of inhaled corticosteroids to get symptoms back under control.

What did we want to find out?

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children (Review)
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We looked at whether increasing the dose of inhaled corticosteroids when asthma symptoms worsen reduces the need for further
treatment, and if there are any harms with doing so.

What did we do?

We looked for all studies that randomly allocated people with asthma taking a daily inhaled corticosteroid to take a blinded inhaler if their
symptoms worsened. The blinded inhaler either increased their usual dose of inhaled corticosteroid or kept it the same. We were interested
in whether fewer people allocated to receive an increased dose went on to have an asthma attack. We measured asthma attacks in two
ways: those needing a course of oral steroids, and those needing urgent care in the emergency department or in hospital. We also looked
at whether the increased inhaled corticosteroids doses led to more adverse events compared with a stable dose.

We conducted broad searches, and two researchers independently evaluated studies to judge if they should be included. We recorded
information about the studies, participants, and treatment strategies. We used the latest methods for bringing the results together and
assessing how much each study result could be trusted. We rated each combined result as high, moderate, low, or very low quality,
depending on how confident we were that it was reliable.

What did we find?

We included nine randomised controlled trials (studies where participants are randomly assigned to one of two or more treatment groups)
of people with mild to moderate asthma. Five studies looked at adults, and four looked at children.

People who were given the inhaler with an increased dose of inhaled corticosteroid were about as likely to get worse and need a course
of oral corticosteroids as those who were given an inhaler with a placebo (dummy treatment) or their usual dose. We have moderate
confidence in this main result, but it was much more diIicult to tell whether there was a benefit of a dose increase for other types of
unscheduled care (seeing a doctor or going to hospital) or for reducing the duration of the attack. The results for adverse events suggest
that it may be safer to keep inhaled corticosteroids stable, but we had very low confidence in the results.

What are the limitations of the evidence?

Studies varied in the dose of inhaled corticosteroids people were taking at the start of the study, how much the dose was increased in the
treatment group, when and how people were told to start the inhaler, and what other medicines they were allowed to take. Only about
half the participants actually needed to take the study inhaler, and when we looked just at those people, it appeared that there might be
a small benefit, but we had very low confidence because the study results varied and there was a high risk of bias.

Whilst not many people needed to go to hospital or visit the emergency department during the course of the studies, this made it diIicult
to tell if a short-term increase in inhaled corticosteroids is worthwhile, and our confidence in the evidence was low or very low. Studies did
not report harms consistently, and the combined results were very uncertain.

How up-to-date is this evidence?

The review is current to 20 December 2021, and the studies were published between 1998 and 2018.

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children

Patient or population: adults and children with chronic asthma
Setting: outpatient
Intervention: increased ICS dose during exacerbations
Comparison: stable ICS dose during exacerbations

Anticipated absolute effects** (95% CI)Outcomes*

Risk with sta-
ble ICS

Risk with increased ICS

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evidence
(GRADE)

Comments

Treatment failure: need for
systemic corticosteroids
(ITT)

46 weeks

184 per 1000a 180 per 1000
(147 to 220)

OR 0.97
(0.76 to 1.25)

1774
(8 RCTs)

⊕⊕⊕⊝

MODERATEb,c

Due to risk of bias

 

Treatment failure: need for
systemic corticosteroids (of
those starting inhaler)

45 weeks

337 per 1000 299 per 1000
(215 to 398)

OR 0.84 (0.54 to
1.30)

766
(7 RCTs)

⊕⊝⊝⊝

VERY LOWd,e,f,g

Due to inconsistency, impre-
cision, and very serious risk of
bias

Analysed using
random-effects
model because
of heterogene-
ity

Unscheduled physician vis-
its

44 weeks

147 per 1000 142 per 1000
(102 to 195)

OR 0.96
(0.66 to 1.41)

931
(3 RCTs)

⊕⊕⊝⊝

LOWd,h,i,j

Due to very serious imprecision

Unscheduled acute care, ED
visit, or hospital admission

47 weeks

23 per 1000 12 per 1000
(4 to 35)

POR 0.50
(0.16 to 1.56)

704
(4 RCTs)

⊕⊝⊝⊝

VERY LOWd,k

Due to risk of bias and very seri-
ous imprecision

 

Serious adverse events

48 weeks

56 per 1000 91 per 1000
(44 to 181)

OR 1.69
(0.77 to 3.71)

394
(2 RCTs)

⊕⊝⊝⊝

VERY LOWd,l,m

Due to very serious risk of bias
and imprecision
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Non-serious adverse events

43 weeks

72 per 1000 144 per 1000 

(50 to 345)

OR 2.15 (0.68 to
6.73)

142 

(2 RCTs)

⊕⊝⊝⊝

VERY LOWd,l,m

Due to very serious risk of bias
and imprecision

 

Duration of exacerbation -
time to symptom recovery
and lung function recovery

52 weeks

Mean time to
symptom re-
covery was 6.1
days

Time to lung
function recov-
ery was 7 days.

Time to symptom recov-
ery was 0.7 days longer
in the intervention group
(1.06 lower to 2.46 higher).

Time to lung function
recovery was 0.2 days
shorter (1.88 shorter to
1.48 longer).

- 207
(1 RCT)

⊕⊕⊝⊝

LOWd,e,h

Due to risk of bias and impreci-
sion

 

*Follow-up duration is calculated as a weighted average of studies in each analysis.

**The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% CI).

CI: confidence interval; ED: emergency department; ICS: inhaled corticosteroids; ITT: intention-to-treat population; OR: odds ratio; POR: Peto odds ratio; RCT: randomised
controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

aAn approximation of Rice-McDonald 2005 events and totals was required because cross-over adjustment was used to permit inclusion of the study in the meta-analysis.  We used
the total number of participants (18) and events for each arm (11 each), and halved both (rounding up where necessary) to include approximate absolute data and weightings
for the study.
bStudies carrying 13.3% of the analysis weight had an overall high risk of bias, and studies carrying a further 49.8% of the weight had some concerns. Studies with overall low
risk of bias accounted for approximately a third of the weight of the analysis. Biases arose mostly in domains 2 and 3 (deviations from the intended interventions and missing
data), oRen relating to assumptions that had to be made when there were diIerences between the way the study reported the outcome and how it was needed for the analysis,
or uncertainty regarding the population used for the study analysis (−1 for risk of bias).
cWe did not prespecify bounds for downgrading for imprecision or concluding no diIerence between treatments. The upper and lower limits of the confidence interval may
be considered clinically important benefit or harm of the intervention, but we did not consider it suIicient to downgrade given the number of events and participants in the
analysis (no downgrade for imprecision).
dAll studies were well-matched to our review question. We resolved uncertainties in the definitions of outcomes through contact with study authors. Where outcome definitions
or the populations used for analysis (e.g. ITT or those taking the study inhaler) were unclear or diIered from what was defined in the review protocol, this was accounted for as
missing data and deviation from the intended intervention in the risk of bias assessment (no downgrade for indirectness across outcomes).
eUpper and lower confidence intervals include important benefit of increased or stable ICS (−1 imprecision).
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fI2 = 42%, P = 0.11; clear variation noted between direction and magnitude of study results by visual inspection of the forest plot (−1 inconsistency).
gStudies carrying 81.6% of the analysis weight had overall high risk of bias. Biases mostly arose in domains 2 and 3 (deviations from the intended interventions and missing
data), relating to assumptions that had to be made to include imperfect data in the review analysis (e.g. where the population used for the study analysis was unclear or diIered
from the population defined for the review analysis). There was also risk of bias from unclear and inconsistent implementation of criteria for initiating the study inhaler in some
studies (−2 for risk of bias).
hSeveral studies did not appear in the analysis, but contact with study authors meant this was unlikely due to selective reporting (no downgrade for publication bias).
iThree studies observed 136 events leading to very wide confidence intervals, which made the result very diIicult to interpret (−2 imprecision).
jNo studies in the analysis were at overall high risk of bias, although there were some concerns for a study carrying 56% of the weight (no downgrade for risk of bias).
kOnly 12 events in the analysis, leading to substantial imprecision in the estimate. Two studies did not observe any events and so did not contribute to the eIect estimate (−2

imprecision). A large amount of heterogeneity between the two contributing study eIects warranted downgrading for heterogeneity (I2 = 62%), but was captured by imprecision
and very low grading.
lStudies contributing the majority of the weight in both adverse events analyses were at overall high risk of bias, primarily in domains 2 and 3 (deviations from intended
interventions and missing data), and additionally in domains 4 and 5 (measurement of the outcome and selection of the reported result) for non-serious adverse events (−2 for
risk of bias).
mConfidence intervals included a significant increase in adverse events on increased-dose ICS and did not exclude the possibility of no diIerence against stable ICS. Very few
events were included in either of the adverse event analyses (−1 imprecision).
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B A C K G R O U N D

Description of the condition

Asthma is the second most prevalent chronic respiratory condition
worldwide, and is estimated to aIect 272 million people of all ages
(Soriano 2017). According to the Global Burden of Disease Study
in 2017, asthma was the second leading cause of death amongst
chronic respiratory diseases (Soriano 2015). Asthma exacerbations
involve short-term mild to life-threatening worsening of symptoms
which are considered an important feature in defining the severity
of the disease (GINA 2021). The frequency of exacerbations is a key
parameter of asthma control. Furthermore, asthma exacerbations
are associated with significant morbidity, mortality, and healthcare
expenditure (Ramsahai 2019). A severe exacerbation is defined
as the need for systemic corticosteroids, unscheduled healthcare
visits, or hospitalisation (Reddel 2009). A mild to moderate
exacerbation impacts a patient’s quality of life and prompts
treatment escalation to prevent its progression (Reddel 2009).
Achieving early control of asthma exacerbations is thus paramount
in avoiding hospitalisation and its associated costs, as well as in
improving health-related quality of life.

Description of the intervention

The underlying mechanism of asthma exacerbations is airway
inflammation, oRen triggered by respiratory virus infection,
allergen exposure, and/or respiratory irritants  (Sears 2008). This
airway inflammation sets up a vicious cycle of bronchial hyper-
responsiveness and mucus hypersecretion, leading to decreased
expiratory flow (Sears 2008). Acute exacerbations of asthma are a
medical emergency regardless of age and can be highly dependent
on seasonal variation (Ramsahai 2019).

Systemic corticosteroids have potent anti-inflammatory properties
and are the most eIective drugs for suppressing the underlying
inflammatory response in asthma exacerbations. Common short-
term side eIects of corticosteroids include sleep disturbances,
increased appetite, and mood changes. However, the cumulative
impact of chronic corticosteroid use includes a significantly
elevated risk of osteoporosis, hypertension, diabetes mellitus, and
obesity (Volmer 2018). This provides a rationale for an alternative
management strategy such as the use of inhaled corticosteroids
in mild-moderate asthma exacerbation to reduce the need for
systemic corticosteroids.

How the intervention might work

Inhaled corticosteroids (ICS) can reduce the frequency and severity
of respiratory exacerbations (GINA 2021). Poor day-to-day asthma
control and type 2 airway inflammation, as measured by blood
eosinophils or elevated exhaled nitric oxide, are both risk factors for
acute exacerbations (Kupczyk 2014). Treatment with ICS remains
the cornerstone strategy in the management of chronic asthma.

The Global Initiative for Asthma and other international respiratory
societies recommend self-management strategies to reduce the
impact of acute exacerbations. A written asthma action plan
includes a description of maintenance therapy and instructions for
increasing therapy as required. This helps patients to recognise
and response appropriately to worsening symptoms. For example,
when asthma symptoms are interfering with normal daily activities,
or peak expiratory flow measurement has decreased by over 20%
for more than two days, this should prompt a dose increase in a

maintenance inhaled corticosteroid-containing treatment (Gibson
2004; GINA 2021).

The use of short-acting beta agonists (SABA) helps to relieve the
symptoms of asthma by bronchodilation, but does not address the
underlying airway inflammation. This can potentially delay seeking
medical attention and may increase adverse outcomes in acute
asthma (Mcivor 1998). Recent literature data have demonstrated
the increased risk of exacerbation and mortality with the overuse
of SABA (Nwaru 2020). The latest Global Initiative for Asthma report
thus no longer recommends reliever treatment with SABA alone
(GINA 2021).

Why it is important to do this review

With the recognition that early treatment of asthma exacerbations
is the best strategy for management, the use of ICS as a part of an
action plan is essential. Furthermore, it is important to determine
the eIicacy of an increased versus a stable dose of ICS in this
setting. The primary outcome for this review is treatment failure,
defined as the need for rescue systemic corticosteroids. This is an
update of a Cochrane Review originally published in 2010 (Quon
2010), and updated in 2016 (Kew 2016), whilst incorporating the
most recent clinical trials from the literature.

O B J E C T I V E S

To compare the clinical eIectiveness and safety of increased versus
stable doses of inhaled corticosteroids as part of a patient-initiated
action plan for home management of exacerbations in children and
adults with persistent asthma.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included parallel and cross-over randomised controlled trials
(RCTs) reported as full text, those published as abstract only,
and unpublished data. We included only double-blinded, placebo-
controlled trials (participant and administrator blinded) to avoid
treatment bias with respect to activation of the asthma action
plan and determination of subjective treatment outcomes such as
treatment failure necessitating rescue systemic corticosteroids.

Types of participants

We included adults and children with asthma exacerbation as
defined by guideline criteria such as those outlined in GINA 2015,
or by a set of criteria predefined in the included studies. The
diagnosis of asthma was confirmed by a physician before the time
of enrolment.  Participants had to have taken a stable dose of
ICS for a minimum of two weeks before enrolment. We excluded
studies involving participants treated with continuous daily oral
corticosteroids. 

Types of interventions

We included studies that compared continuing a stable daily
maintenance dose versus increasing the daily dose of ICS as part
of an asthma exacerbation action plan. Active or placebo step-up
therapy was to be increased at home or shortly aRer the onset
of symptoms signalling the beginning of an exacerbation. Other
co-interventions such as long-acting beta agonists, leukotriene

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

modifiers, and other asthma medications were permitted, provided
that the dose remained unchanged throughout the study. The only
exception to this was the allowance of increased short-acting beta
agonist use during exacerbations. Specifically, inhaled short-acting
beta agonists and short courses of systemic corticosteroids were
allowed as rescue medications.

Types of outcome measures

The primary and secondary outcomes in this review include all core
outcomes for asthma exacerbations reported in Fuhlbrigge 2012.

Primary outcomes

• Treatment failure: need for rescue systemic corticosteroids*
in all randomised participants (i.e. intention-to-treat (ITT)
analysis).

Secondary outcomes

• Treatment failure: need for rescue systemic corticosteroids** in
participants using the study inhaler.

• Unscheduled physician visits.

• Unscheduled acute care or emergency department visits or need
for hospital admission.

• Serious*** and non-serious adverse events.

• Duration of exacerbation as defined by:
◦ recovery of lung function;

◦ recovery of symptoms; or

◦ beta-2 agonist use back to baseline.

*oral, intramuscular (IM), or intravenous (IV).

**In the previous version of this review this outcome was referred to
as the treated-population analysis, and is described in some studies
as such or as the per-protocol analysis. For clarity, we refer to the
outcome as the eIect in the treated population.

***Serious adverse events were defined as fatality, need for
hospitalisation, prolongation of hospitalisation, disability, or study
withdrawal due to the adverse event. We noted in the analysis
whether definitions used within the included studies diIered.

Search methods for identification of studies

Electronic searches

We have detailed the search methods used in the previous version
of this review in  Appendix 1. The previously published version
included searches up to March 2016, whilst the current update
includes searches up to 20 December 2021.

For this update, we identified trials from the Cochrane Airways
Group Specialised Register (CAGR), which is maintained by the
Information Specialist for the Group. The Register contains trial
reports identified through systematic searches of bibliographic
databases including the Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE, Embase, the Cumulative Index to
Nursing and Allied Health Literature (CINAHL), the Allied and
Complementary Medicine Database (AMED), and PsycINFO, and
by handsearching of respiratory journals and meeting abstracts
(see Appendix 2 for further details). We searched all records in the
CAGR using the search strategy presented in Appendix 3.

The search of ClinicalTrials.gov (clinicaltrials.gov) was included in
the CAGR search, and we updated additional searches of the World
Health Organization (WHO) International Clinical Trials Registry
Platform (ICTRP) (who.int/ictrp/en/) for ongoing and unpublished
trials. We searched all databases from their inception to the
present, with no restriction on language of publication.

Searching other resources

We updated additional searches of trial registries and grey
literature databases to identify articles that might not have
appeared in the main electronic database searches (see Appendix
4). Historical searches for previous versions of this review included
controlled-trials.com and www.clinicalstudyresults.org/, which are
now covered within the WHO ICTRP and ClinicalTrials.gov. We also
checked reference lists of retrieved articles and reviews and asked
field experts if they knew of any relevant ongoing or unpublished
trials.

Data collection and analysis

Author initials given in this section relate to the current update.
Contributions for previous versions of the review are summarised
in Contributions of authors.

Selection of studies

We used Cochrane’s Screen4Me workflow to help assess the
search results. Screen4Me comprises three components: known
assessments – a service that matches records in the search
results to records that have already been screened in Cochrane
Crowd and been labelled as an RCT or as Not an RCT; the
RCT classifier – a machine learning model that distinguishes
RCTs from non-RCTs; and if appropriate, Cochrane Crowd –
Cochrane’s citizen science platform where the Crowd help to
identify and describe health evidence. For more information about
Screen4Me and the evaluations that have been done, please visit
the Screen4Me webpage on the Cochrane Information Specialists'
portal: community.cochrane.org/organizational-info/resources/
resources-groups/information-specialists-portal. In addition, more
detailed information regarding evaluations of the Screen4Me
components can be found in the following publications: Marshall
2018; McDonald 2017; Noel-Storr 2018; Thomas 2017.

Two review authors (EF and KK) independently screened the titles
and abstracts identified by the search using Covidence (Covidence),
coding them as 'include' (eligible or potentially eligible/unclear)
or 'exclude'. We retrieved the full-text study reports/publications
for all references coded as 'include' by either review author, and
the same two review authors independently screened the full-
text studies for inclusion, recording the reasons for exclusion of
all excluded studies. Any disagreements were resolved through
discussion or by consulting one of the clinical authors (BSQ or
CL) if required. We identified and excluded duplicates and collated
multiple reports of the same study so that each study, rather than
each report, was the unit of interest. We recorded the selection
process in suIicient detail to complete a PRISMA flow diagram
for Cochrane Review updates and  Characteristics of excluded
studies tables (Stovold 2014).

Data extraction and management

For this update, we replicated the previous data collection form for
study characteristics and outcome data in Covidence (Covidence),
which had been piloted previously. Two review authors (EF and KK)
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extracted a range of study characteristics relating to methods (e.g.
study design, funding, duration, inclusion and exclusion criteria,
run-in, setting); study populations (e.g. sample size, withdrawals,
age, sex, asthma severity, number who started the study inhaler);
interventions (criteria for starting the study inhaler, fold increase,
inhaled steroid dose, allowed and disallowed medications); and
outcomes (e.g. time points, scales, definitions) from the included
studies, which are provided in Supplementary file 1.

We noted in the Characteristics of included studies table if outcome
data were not reported in a useable way, and how data were
included in review analyses when there was a discrepancy in
the way the study reported results (e.g. within a subset of the
population) or the way review outcomes had been defined. Where
assumptions were required to include imperfect data in a meta-
analysis, we made explicit the underlying assumptions within the
notes section for each study table and in Supplementary file 1.

Any disagreements were resolved through consensus or by
consulting with the clinical authors if required (BSQ and CL). One
review author transferred study characteristics and risk of bias
judgements into Review Manager Web (EF) RevMan Web 2022), and
two review authors checked and transferred study data into the
analyses (EF and KK). Cochrane Airways editorial staI performed
a statistics check to double-check that data were entered correctly
by comparing data entered in the analyses with extracted data
from Supplementary file 1 and study reports where necessary.

Assessment of risk of bias in included studies

Two review authors (KK and EF) independently assessed risk of bias
using the Cochrane Risk of Bias 2 (RoB 2) tool (Higgins 2016; Sterne
2019), August 2019 version, for the following outcomes at latest
follow-up.

1. Treatment failure: need for rescue systemic corticosteroids in all
randomised participants.

2. Treatment failure: need for rescue systemic corticosteroids in
participants using the study inhaler.

3. Unscheduled physician visits.

4. Unscheduled acute care or emergency department visits or need
for hospital admission.

5. Serious and non-serious adverse events at last follow-up.

6. Duration of exacerbation.

For all outcomes except outcome 2, the eIect of interest was the
eIect of assignment of the intervention (ITT). Outcome 2 is defined
as a conditional outcome, so the eIect of interest was the eIect
of adhering to the intervention (in this case, starting the study
inhaler, a per-protocol eIect). Any disagreements were resolved
by discussion, and methodologists from the Cochrane Methods
Support Unit reviewed judgements for accuracy and consistency.
We assessed risk of bias according to the following domains.

• Risk of bias in the randomisation process

• Bias due to deviations from intended interventions

• Bias due to missing outcome data

• Bias in measurement of the outcome

• Bias in selection of the reported result

We assessed each domain as ‘high risk of bias’, ‘some concerns’,
or ‘low risk of bias’ using the responses to the signalling questions

and algorithms within the RoB 2 tool. The tool algorithm was
used to reach an overall risk of bias for each outcome. We quoted
evidence to support our judgements, and if we disagreed with a
judgement recommended by the algorithm, we included an explicit
statement as to why. When information on risk of bias was related
to unpublished data or correspondence with a trialist, this was
noted. We managed our risk of bias assessments using the RoB 2
Excel tool (available from the  Risk of bias 2 resources webpage),
and a consensus-based version has been made publicly available
as Supplementary file 2.

We used the guidance set out by the RoB 2 working group on
cross-over trials and the tool extension to capture additional
considerations associated with data from cross-over studies
(Higgins 2021).

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol and
reported deviations from it in the  DiIerences between protocol
and review section of the review. We updated some sections of the
Methods for the most recent version of the review.

Measures of treatment e=ect

We analysed dichotomous data as odds ratios (ORs), and
continuous data as mean diIerences (MDs) or standardised mean
diIerences (SMDs). We entered data presented as a scale with a
consistent direction of eIect.

We undertook meta-analyses only when this was meaningful (i.e.
when treatments, participants, and the underlying clinical question
were similar enough for pooling to make sense).

We narratively described skewed data reported as medians and
interquartile ranges.

When multiple trial arms were reported in a single trial, we included
only the relevant arms. If two comparisons (e.g. drug A versus
placebo and drug B versus placebo) were combined in the same
meta-analysis, we halved the control group to avoid double-
counting.

Unit of analysis issues

We pooled the results of parallel and cross-over studies when
we were satisfied that data could be appropriately analysed to
account for intercorrelation in cross-over studies. We identified
no new cross-over studies in this update. We analysed data using
participants with one or more events as the unit of analysis. For
dichotomous outcomes, when it was unclear whether the number
of events applied to the entire population or only to those taking
the study inhaler, we used the total number randomised per group
as the denominator. We performed sensitivity analyses by using the
number of participants using their study inhaler at least once as the
denominator to test this assumption.

If no events were reported in the control or treatment groups, we
used the Peto odds ratio to avoid use of the continuity correction.

Dealing with missing data

We contacted investigators or study sponsors to verify key study
characteristics and to obtain missing numerical outcome data
when possible (e.g. when a study was identified as abstract only).
When this was not possible, and when missing data were thought
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to introduce serious bias, we explored the impact of including
such studies in the overall assessment of results by performing a
sensitivity analysis.

Assessment of heterogeneity

We examined homogeneity of eIect sizes between pooled studies

using the I2 statistic (Higgins 2003). In the absence of heterogeneity

(I2 < 25%), we used the fixed-eIect model (Greenland 1985);
otherwise we applied summary estimates and reported the
DerSimonian and Laird random-eIects model (DerSimonian 1986).
Unless otherwise specified, we reported the fixed-eIect model, as it
is better equipped than the random-eIects method to detect small
eIect sizes (Fields 2001).

Assessment of reporting biases

We were not able to pool more than 10 trials, therefore we did not
create a funnel plot to explore possible small-study and publication
biases.

Data synthesis

For dichotomous outcomes, we pooled parallel studies using
Mantel-Haenszel (M-H) ORs unless few events were reported, thus
requiring Peto odds ratios. We obtained ORs from cross-over
studies by comparing the number of participants who needed oral
corticosteroids with increased dose (but not with placebo) versus
those who needed oral corticosteroids whilst taking placebo (but
not whilst taking increased ICS dose). We presented ORs with
95% confidence intervals (CIs). For continuous outcomes, such
as length of exacerbation, we calculated pooled statistics as MDs
and reported them with 95% CIs. All primary analyses included all
eligible studies irrespective of risk of bias.

Subgroup analysis and investigation of heterogeneity

We planned the following a priori subgroup analyses of the primary
outcome to identify potential eIect modifiers, irrespective of the
presence or absence of heterogeneity.

• Age group (children < 15 years versus adults ≥ 15 years).

• Smoking status (smokers versus ex-smokers or never-smokers).

• Time elapsed before initiation of treatment (< 48 hours versus ≥
48 hours).

• Maintenance ICS dose (ex-valve) before increase (low versus
moderate versus high*).

• Achieved daily dose of ICS (ex-valve) during exacerbation (low
versus moderate versus high*).

• Fold increase in baseline ICS dose during exacerbation (double
dose versus quadruple dose).

In the previous version of the review, subgroup analyses were
repeated post hoc for the secondary outcome of treatment failures
only within those participants who started the study inhaler. In the
current version, we conducted subgroup analyses on the primary
outcome alone.

*ICS dose was classified according to Global Initiative for Asthma
Guidelines (GINA 2015), as follows.

• High dose:

◦ Adults: > 1000 μg/d of chlorofluorocarbon-propelled
beclomethasone dipropionate (CFC-BDP) dose or
equivalent.

◦ Children: > 400 μg/d equivalent CFC-BDP dose.

• Moderate dose:
◦ Adults: > 500 μg/d to 1000 μg/d CFC-BDP equivalent.

◦ Children: > 200 μg/d to 400 μg/d CFC-BDP equivalent.

• Low dose:
◦ Adults: 200 μg/d to 500 μg/d CFC-BDP equivalent.

◦ Children: 100 μg/d to 200 μg/d CFC-BDP equivalent.

Fluticasone propionate was converted to CFC-BDP equivalents by
multiplying the ex-valve dose by two because its reported potency
in asthmatic patients is two-fold relative to CFC-BDP (Barnes 1993).
Budesonide was converted to CFC-BDP equivalents by multiplying
the ex-valve dose by 1.25, as reported in the Canadian Asthma
Guidelines (Lemiere 2003).

Sensitivity analysis

We planned the following sensitivity analyses for the primary
outcome.

• Study design (removing cross-over studies).

• Methodological quality (removing studies at overall high risk of
bias).

• Source of study funding (removing studies funded by
pharmaceutical companies).

Summary of findings and assessment of the certainty of the
evidence

We created a summary of findings table using the following
outcomes: treatment failure as defined by the need for rescue
systemic corticosteroids (ITT analysis), treatment failure as defined
by the need for rescue systemic corticosteroids in participants using
the study inhaler (treated population), unscheduled physician
visits, unscheduled acute care or emergency visits or hospital
admissions, serious and non-serious adverse events, and duration
of exacerbations. We used the five GRADE considerations (overall
risk of bias, consistency of eIect, imprecision, indirectness, and
publication bias) to assess the quality of a body of evidence as it
relates to studies that contributed data to meta-analyses for the
prespecified outcomes. We used methods and recommendations
described in Chapter 14 of the Cochrane Handbook for Systematic
Reviews of Interventions to guide the application of GRADE
methodology (Schünemann 2021), employing  GRADEpro GDT
soRware (GRADEpro GDT). We justified all decisions to down- or
upgrade the quality of the evidence by using footnotes, and made
comments to aid readers' understanding of the review where
necessary.

R E S U L T S

Description of studies

Results of the search

The searches for this update covered March 2016 to 20 December
2021. Three database searches during the update process identified
a total of 2212 records.   We identified three additional records
through other sources (a trial registration for one of the included
studies and a record associated with a previously excluded study)
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and a further 195 records through searches of trial registry
platforms, grey literature databases, and reference lists of included
studies. Altogether, the searches identified 2410 records. The
Screen4Me process described in Selection of studies excluded 167
records from the main database search, and we identified and
excluded 1153 duplicate records (1134 from the main database
searches and 19 from the additional searches). We screened the
remaining 1090 records, excluding 1072 on the basis of title and

abstract alone. We obtained the full texts for the remaining 18
records. We identified one of these as a newly included study
(Jackson 2018); one was a duplicate of an existing included
study (ACTRN12605000631606); and eight studies (16 records) were
newly excluded studies. Figure 1 shows the screening process for
this update with the number of studies included from the previous
version (Stovold 2014). Full details of searches for previous versions
can be found in earlier publications of this review.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
Included studies

This review update added one more study (254 participants) to
the review, for a total of nine eligible studies. A summary of key
study, participant, and treatment characteristics most important to
this review are summarised below;  for details, see Table 1, Table
2, and Characteristics of included studies.

Characteristics of studies

The included studies were published over a 20-year period from
1998 to 2018, with two studies now conducted over 20 years
ago (Foresi 2000; Garrett 1998), and only the newly added
study published less than 10 years ago (Jackson 2018). Three
studies were conducted in Europe (Foresi 2000; Harrison 2004;
Oborne 2009), three in North America (FitzGerald 2004; Jackson
2018; Martinez 2011), and three in Australia and New Zealand
(ACTRN12605000631606; Garrett 1998; Rice-McDonald 2005). Two
European studies conducted in the UK and two of the Australasian
studies were conducted at a single centre, whilst the remaining
studies were conducted at between four and 17 sites. Two of the
adult studies were commercially funded (FitzGerald 2004; Foresi
2000), with the remaining studies funded by independent bodies
such as research institutes and national asthma charities (see Table
1).

All studies were published as full-text papers
except  ACTRN12605000631606, for which study details and
results were provided by the lead investigator. The nine studies
randomised a total of 1923 participants to the comparison of
interest for this review. Of all randomised participants, 50.4% had
an exacerbation that led to use of the study inhaler. The mean
number of people randomised to treatment groups relevant to this
review was 214 (range 22 to 403).

All included trials compared the eIicacy of an increased dose of
ICS at the onset of an exacerbation versus a control (maintenance
ICS dose) as part of an asthma action plan. All other medications,
mainly rescue short-acting beta agonist inhalers, were kept
equal between treatment and placebo groups and are noted in
individual Characteristics of included studies tables.

Eight of the nine studies were placebo-controlled trials, where
during an exacerbation participants either used a placebo or
active inhaler to increase their ICS dose in addition to their
maintenance inhaler. In the remaining study (Jackson 2018), during
an exacerbation, participants ceased using the maintenance
inhaler and either used a control inhaler, with the same ICS dose
as the maintenance inhaler, or an intervention inhaler, which
increased their ICS dose. Seven of the nine studies used a parallel-
group design.  Garrett 1998  used a cross-over design, whereby
children were randomised to one of two possible treatment
sequences for serial exacerbations: placebo then corticosteroid, or

corticosteroid then placebo. Rice-McDonald 2005 also used a cross-
over design, with three treatment phases, one of which was not
relevant to this review (oral steroid rescue). For this study, we used
results from the paper showing the number of people who needed
oral steroids in one, neither, or both of the two relevant phases, and
analysed them to account for correlation (see 'Analysis 1.1 and 1.2'
tab in Supplementary file 1).

Characteristics of participants

Details regarding the age range, gender, smoking status, and
asthma severity of participants in each study are provided in Table
1.

For the subgroup analysis by age (children < 15 years versus adults
≥ 15 years), we classified four studies as having child populations
(ACTRN12605000631606; Garrett 1998; Jackson 2018; Martinez
2011), and five studies as having adult populations (FitzGerald
2004; Foresi 2000; Harrison 2004; Oborne 2009; Rice-McDonald
2005). FitzGerald 2004 had a lower age limit of 13 years; we included
this study in the adult subgroup because the age range was more
consistent with the adult studies, and the mean age of participants
was 32 years. Similarly,  Martinez 2011  included adolescents up
to 18 years, and was classified as a child population because the
age range was more consistent with the other child studies, and
the mean age was 11 years. Mean participant age ranged from 32
to 56 (median 46.5) years in the five adult studies, and from 7.6
to 11 (median 8.1) years in the four paediatric studies (a rough
mean age of 7.6 was calculated from age-group categories reported
for ACTRN12605000631606).

All studies included both male and female participants. All adult
studies included more women than men (median percentage male
33%, range 28% to 47%), and all paediatric studies recruited more
boys than girls (median percentage male 62%, range 57% to 67%).

Four of the nine trials reported the smoking status of study
participants. Never-smokers made up most of the study samples
(61% to 86%), with ex-smokers making up between 14% and 36%,
and active smokers 10% or less of the samples.  Rice-McDonald
2005 and three of the four paediatric studies did not report smoking
status. Jackson 2018 reported tobacco smoke exposure in 38% of
its paediatric population.

Baseline asthma severity was mild in  Martinez 2011, mild-to-
moderate in three studies (Garrett 1998; Jackson 2018; Rice-
McDonald 2005), and moderate in  Foresi 2000. The remaining
studies did not explicitly state asthma severity, although they did
include baseline measurements or inclusion criteria relating to
asthma (ACTRN12605000631606; FitzGerald 2004; Harrison 2004;
Oborne 2009). Full details regarding how severity was measured at
baseline for each study are available in Table 1, including ICS dose,
lung function, markers of inflammation, and other reported data.
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Inclusion criteria for each study are provided in Characteristics of
included studies.

Treatment format

During the original protocol development for this review, it was not
anticipated that this would be a complex intervention. However, as
more studies have been added at each update, complexities in the
designs have resulted in the creation of Table 2, which highlights
diIerences in treatment format for each study. 

Study treatment details

The ICS dose was increased five-fold in  two studies (Foresi
2000; Jackson 2018), four-fold in  Oborne 2009,  and doubled in
the remaining six studies. The mean ICS dose achieved during
exacerbations ranged from 1000 μg/d to 2075 μg/d in CFC-BDP
equivalents in the adult studies (FitzGerald 2004; Foresi 2000;
Harrison 2004; Oborne 2009), and from 160 μg/d to 500 μg/d in the
paediatric studies (ACTRN12605000631606; Jackson 2018; Martinez
2011). Mean dose achieved was not reported in the paediatric
study of Garrett 1998, although the maximum dose achieved was
1600 μg/d. Studies used metred dose or dry powder inhalers,
but within studies the treatment or placebo inhaler provided
for use during exacerbation was identical to the maintenance
corticosteroid inhaler. Moreover, the additional use of a spacer was
reported in  Garrett 1998  and ACTRN12605000631606. More study
treatment details are provided in Table 2.

Action plan activation

Criteria for an asthma exacerbation that prompted initiation
of the study inhaler were predefined in all studies on the
basis of a combination of peak expiratory flow rate (PEFR)
worsening, increase in asthma symptoms, and/or an increase in
rescue bronchodilator use relative to run-in values. Study inhaler
use was initiated by the participants (or carer) following the
predefined management plan in all studies except FitzGerald 2004,
which was initiated following consultation with the study team.
Daily symptom or medication use diaries (or both) were kept
by participants in all studies except  Oborne 2009, which only
recorded a daily diary aRer an exacerbation. Electronic diaries
were used in  FitzGerald 2004  and  Jackson 2018. The minimum
time elapsed between onset of asthma deterioration and initiation
of increased ICS dose (as recommended by the action plan)
varied from immediate use of the study inhaler as a rescue
treatment, ACTRN12605000631606; Jackson 2018; Martinez 2011,
to 24 hours aRer symptoms worsened,  Garrett 1998; Harrison
2004; Rice-McDonald 2005, to 48 hours,  FitzGerald 2004; Foresi
2000. For Oborne 2009, elapsed time varied from 24 to 48 hours,
depending on how much PEFR had dropped from baseline. More
details on exacerbation criteria and action plan activation are
available for each study in Table 2.

Action plan compliance

Five studies monitored compliance with symptom or study
treatment recording, or both (FitzGerald 2004; Foresi 2000; Garrett
1998; Jackson 2018; Rice-McDonald 2005). Investigators evaluated
compliance by reviewing self-reported symptom diaries, self-
reported medication diaries, PEFR recordings, and by counting
tablets from returned treatment packs. Self-reported study
treatment compliance was high in three studies, ranging from a
mean of 86% in  Garrett 1998  to 98% in  Jackson 2018, and was

not reported in Rice-McDonald 2005. More details on how studies
monitored or encouraged compliance are provided in Table 2.

Outcome reporting and assumptions required for synthesis

All studies except Foresi 2000 reported data relevant to the primary
outcome of treatment failure (need for oral steroids). However,
in some studies it was unclear whether the reported number of
exacerbations was within the full randomised population (primary
outcome of the review) or the subset who met the criteria to
start the study inhaler (secondary outcome), and whether it was
appropriate to include the same number of events in each analysis
with a diIerent denominator. It was sometimes necessary to make
assumptions about the data in order to include it in the primary or
secondary treatment failure analyses, depending on how the data
were reported, and we have made explicit where this was done in
the Characteristics of included studies tables.

Where assumptions were required to include studies in the review
analyses, we also captured the potential for introducing missing
data biases into the analysis within the risk of bias assessments
for those results (see Risk of bias in included studies and links to
risk of bias outcome tables in the  EIects of interventions). This
was most notable when studies reported the number of events
(e.g. treatment failures) for the subset of people who had an
exacerbation and started the study inhaler (or reported a number
of events or percentage without stating the population), and we
included those data with the denominator for the full population
for the primary ITT analysis. Doing so assumes that those who did
not start the study inhaler did not have the event of interest, and the
potential for bias depends on the size of the subset as a proportion
of the full population.

Regarding the outcome definition for the primary outcome,
generally participants were withdrawn from use of the study inhaler
and started on rescue oral corticosteroids if they failed to respond
adequately to an increase in ICS dose, or if their PEFR dropped to
below a predefined safety cut-oI (usually 60%). Treatment failure
was defined by deterioration or lack of improvement in pulmonary
function or symptoms, or both. Rescue oral corticosteroids were
participant-initiated if PEFR fell below a predefined threshold of
60% at any point during the treatment period, or aRer discussion
with a study physician based on symptom frequency and PEFR
measurements.  Harrison 2004  and  Oborne 2009  required rescue
oral corticosteroid use if a participant's asthma control deteriorated
to the point that they would usually start oral corticosteroids.

Predefined secondary outcomes were reported inconsistently
across studies, with no more than three studies included in any of
the other secondary analyses.

Excluded studies

A further eight studies were excluded in this update in addition to
the 39 studies excluded in previous versions of the review, for a total
of 47 excluded studies. Reasons for exclusion are documented in
the Characteristics of excluded studies section. Common reasons
for exclusion across all versions of the review included the absence
of a placebo control; recruitment of a population that were not
taking maintenance ICS; and a design that compared the relative
eIectiveness of two doses of ICS as maintenance therapy rather
than changing the dose in response to worsening symptoms.
Two studies excluded in this update, one of which was a large
and independently funded study (McKeever 2018), assessed the
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research question of interest but in a pragmatic and unblinded
design, which did not meet the eligibility criteria for our review.
Results from the blinded studies included in this review are
compared and contrasted with those of McKeever 2018 and other
important real-world studies in the Discussion (Agreements and
disagreements with other studies or reviews). A further large study
that assessed a similar research question to our review was deemed
ineligible because the inhalers were for general rescue use and as a
preventative measure before exercise, and not as part of an action
plan as a measure to prevent exacerbations (Papi 2022).

Risk of bias in included studies

For each outcome prespecified for risk of bias assessments,
results-level RoB 2 tables include the judgements and support for
judgements for each domain and the overall risk of bias (Risk of
bias table for Analysis 1.1; Risk of bias table for Analysis 1.2; Risk
of bias table for Analysis 1.3; Risk of bias table for Analysis 1.4;
Risk of bias table for Analysis 1.6; Risk of bias table for Analysis
1.5). For the two cross-over trials (Garrett 1998; Rice-McDonald
2005), the cross-over trial-specific risk of bias assessments and
support for judgements are detailed in the overall risk of bias
column of each risk of bias table. Full consensus responses to the
signalling questions for each domain across all studies and results
are provided in Supplementary file 2.

In general, there was low risk of bias related to the randomisation
process across studies. Four studies had some concerns in only
one of the RoB 2 domains, but based on the overall reporting and
conduct of the trials for specific outcomes, it was suggested that
rigorous procedures were followed to minimise bias, therefore for
these studies, we overwrote the RoB 2 tool algorithm and judged
the overall risk of bias to be low. This included no trial registration or
study protocol details for Harrison 2004, Martinez 2011, and Oborne
2009,  and insuIicient reporting of the randomisation process
for Jackson 2018.

There was an interesting diIerence between the risk of bias
assessments for Analysis 1.1 and Analysis 1.2, which have the same
outcome (treatment failure: need for systematic corticosteroids) in
diIerent populations: all randomised participants (see Risk of bias
table for Analysis 1.1) and those starting the inhaler (see Risk of bias
table for Analysis 1.2), respectively. For studies contributing results
to treatment failure in all randomised participants, half of the
studies had an overall low risk of bias and half had some concerns
or high risk of bias. Two cross-over trials had an overall high risk
of bias due to bias in deviations from intended interventions and
missing outcome data, as a large proportion of those randomised
were excluded from the analysis, either for worsening asthmatic
symptoms so they went straight to corticosteroids (did not use
the study inhaler) (Rice-McDonald 2005), or because only those
who had exacerbations in both periods were included in the
analysis (Garrett 1998). Whereas for studies contributing results to
treatment failure in those who started the inhaler, all studies but
one, Martinez 2011, were at high risk of bias overall. The domains
that contributed to this were either bias due to deviations from
intended interventions or missing outcome data. Common issues
included that the number of participants that dropped out or
were not included in the analysis was higher than the number
with treatment failure events; it was unclear whether those who
dropped out did so for disease worsening; and because only those
who started the inhaler were included in the analysis (so we are

unsure whether those who did not start a study inhaler required
systematic corticosteroids).

For serious and non-serious adverse events (Risk of bias table for
Analysis 1.5), three studies had an overall high risk of bias, and
one study had some concerns due to key issues that related to
adverse event reporting. Concerns that led to these judgements
were similar to those in Analysis 1.2, including that it was unclear
whether the reported counts related to participants or events;
it was unclear whether the reported counts related to the full
randomised population or only those who took their study inhaler;
and the events were similar in number or fewer than the number
who dropped out, with reasons for dropping potentially relating to
the participants' health. 

E=ects of interventions

See: Summary of findings 1 Increased versus stable doses of
inhaled corticosteroids for exacerbations of chronic asthma in
adults and children

Absolute and relative eIects for all primary and secondary
outcomes are summarised with their GRADE ratings signifying
confidence in the eIect estimates in Summary of findings 1.

Primary outcome

Treatment failure: need for systemic corticosteroids (ITT
analysis)

People randomised to increase their ICS dose at the first signs
of an exacerbation had similar odds of requiring rescue oral
corticosteroids to those randomised to take a placebo inhaler (odds
ratio (OR) 0.97, 95% confidence interval (CI) 0.76 to 1.25; 8 studies;

1774 participants; I2 = 0%;  Analysis 1.1). Approximately 50% of
randomised participants actually required use of the study inhaler
(mean 50.4%, range 23% to 100%).

We had moderate confidence in the result due to concerns relating
to risk of bias and the assumptions made to include study data in
the ITT and treated-population analyses (see Risk of bias table for
Analysis 1.1). Whilst we did not prespecify bounds for concluding no
diIerence or assessing imprecision, the point estimate and width
of the confidence intervals suggest there is unlikely to be a clinically
important eIect of increasing ICS dose to avoid the need for oral
steroids. In absolute terms, 184 people out of 1000 needed oral
corticosteroids in the control group over 46 weeks, compared with
180 (95% CI 147 to 220) out of 1000 for those randomised to increase
their ICS dose in the event of an exacerbation.

Subgroup and sensitivity analyses

There were suIicient data to investigate five of the six expected
eIect modifiers on results of the primary outcome with subgroup
analyses. Results did not suggest a visible or statistical diIerence
between the subgroups investigated, but the observational nature
of subgroup analysis and the small number of studies in each
subgroup means the possibility of important diIerences cannot be
ruled out:

• adult versus paediatric study populations (Analysis 2.1; test for
subgroup diIerences: Chi2 = 0.66, df = 1, P = 0.41, I2 = 0%);

• initiation of the study inhaler within 48 hours versus aRer 48
hours (Analysis 2.2; test for subgroup diIerences: Chi2 = 0.43, df
= 1, P = 0.51, I2 = 0%);
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• low versus medium versus  high maintenance doses of ICS
(Analysis 2.3; test for subgroup diIerences: Chi2 = 2.79, df = 2, P
= 0.25, I2 = 28.3%);

• low versus high exacerbation doses of ICS (Analysis 2.4; test for
subgroup diIerences: Chi2 = 0.31, df = 1, P = 0.58, I2 = 0%;

• doubling versus  larger dose increases (Analysis 2.5; test for
subgroup diIerences: Chi2 = 0.01, df = 1, P = 0.91, I2 = 0%).

We could not include  Garrett 1998  in the maintenance or
exacerbation ICS dose subgroup analyses because of the large dose
range, which included no details about average doses on which
to base a categorisation. We could not examine the impact of
smoking status on the odds of requiring oral corticosteroids during
an exacerbation because all studies recruited non-smokers or ex-
smokers.

There was overlap in the studies removed in the planned sensitivity
analysis, and results should be considered exploratory. The results
showed minimal impacts on the synthesised result for the primary
outcome:

• removing the two cross-over studies (Analysis 2.6; OR 0.96, 95%
CI 0.74 to 1.24; I2 = 7%);

• removing the three studies at overall high risk of bias (Analysis
2.7; OR 0.93, 95% CI 0.71 to 1.21; I2= 13%);

• removing the two commercially funded studies (Analysis 2.8; OR
0.93, 95% CI 0.72 to 1.21; I2 = 0%).

Secondary outcomes

Treatment failure: need for systemic corticosteroids (treated-
population analysis)

Results within the treated population to assess the eIect of
increasing ICS dose in participants who needed to initiate the
study inhaler remain unchanged from the previous version of this
review, because the new study, Jackson 2018, only reported results
for the full randomised population. The analysis is based on 766
people who had exacerbations and met the study criteria to initiate
the study inhaler, rather than all 1774 in the full randomised
sample.  The point estimate was more in favour of increased ICS
dose than the primary ITT analysis, but does not suggest that
participants randomised to increase their ICS dose have lower odds
of requiring oral corticosteroids than those assigned to placebo

(OR 0.84, 95% CI 0.54 to 1.30; 7 studies; 766 participants; I2 =
42%; random-eIects model; Analysis 1.2).

In two studies, all randomised participants took their study inhaler,
so the data were the same as those entered for the primary
outcome. We had very low confidence in the result because of
inconsistency between study results, imprecision in the pooled
eIect, and very serious risk of bias (see Risk of bias table for Analysis
1.2).

Unscheduled physician visits

The pooled eIect of three parallel-group studies that could
be included in the analysis was very imprecise (OR 0.96, 95%

CI 0.66 to 1.41; 3 studies; 931 participants; I2 = 0%;  Analysis
1.3; unchanged from previous version of the review).  Harrison
2004 and ACTRN12605000631606 reported unscheduled visits only
for people who took their study inhaler, but we used the total
number randomised as the denominator. Authors of the previous

version of the review performed a post hoc sensitivity analysis using
only those taking the study inhaler as the denominator for these
two studies, which did not change the conclusions (OR 0.89, 95% CI
0.59 to 1.35).

The width of the confidence intervals makes it very diIicult to
determine where the true eIect may lie, so our confidence in the
eIect estimate is low.

Unscheduled acute care or emergency department visits or need
for hospital admission

The pooled eIect of three studies that could be included in the
analysis was very imprecise because only one study observed
any events (Peto OR 0.50, 95% CI 0.16 to 1.56; 4 studies;
704 participants). Again, conclusions were unchanged when the
number taking the study inhaler instead of the number randomised
was used as the denominator (Peto OR 0.52, 95% CI 0.17 to 1.65; 4
studies; 505 participants).

We had very low confidence in the eIect estimate due to very
serious imprecision and risk of bias (see  Risk of bias table for
Analysis 1.4).

Serious and non-serious adverse events

We analysed serious adverse events and non-serious adverse
events separately due to the way they were reported in the included
studies, with two pairs of diIerent studies in each analysis (no new
data since the previous version of the review). Both point estimates
were in favour of keeping ICS stable, but imprecision reduced our
confidence in the eIect estimates (serious adverse events OR 1.69,
95% CI 0.77 to 3.71; 2 studies; 394 participants; I2 = 0%; non-
serious adverse events OR 2.15, 95% CI 0.68 to 6.73; 2 studies; 142
participants; I2 = 0%).

We had very low confidence in either result due to imprecision and
risk of bias, arising primarily from missing data, and additionally
from measurement of the outcome and selection of the reported
result for non-serious adverse events (see  Risk of bias table for
Analysis 1.5).

Serious adverse events in Martinez 2011 included bronchitis in the
increased dose group and viral meningitis in the stable daily dose
group.  ACTRN12605000631606  reported six occurrences of upper
respiratory tract infection/otitis media/croup in the increased ICS
group and low numbers of the following in one or both groups,
for which no formal analyses have been conducted: ear/nose/
throat surgery, fracture and orthopaedic events, chest infection/
pneumonia, and death (one in double-dose group). Three studies
reporting lists of specific non-serious side eIects generally reported
low occurrence (one or two people) in either group (Foresi 2000;
Oborne 2009; Rice-McDonald 2005), and Garrett 1998 and Harrison
2004 provided minimal information regarding adverse events.

Duration of exacerbation

We made no changes to the analyses of duration of exacerbation
from the previous version of the review. Although three studies
reported the outcome as defined by the time required for PEFR
to return to baseline values (Garrett 1998; Harrison 2004; Oborne
2009), group mean and standard deviation values were only
available for  Harrison 2004, which did not suggest a diIerence
between stable and increased ICS (Analysis 1.6). Mean time to
symptom recovery in the placebo group was 6.1 days, and mean

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

time to lung function recovery was 7 days. In those who took an
increased dose of ICS, time to recovery was 0.7 days longer (95% CI
1.06 shorter to 2.46 longer) and 0.2 days shorter (95% CI 1.88 shorter
to 1.48 longer), respectively.

We had low confidence in the estimates due to risk of bias (see Risk
of bias table for Analysis 1.6) and imprecision.

D I S C U S S I O N

Summary of main results

This review update incorporates a large new study which increases
the number of people in the primary analysis from 1520 to
1774, and uses the latest methods to investigate the impact of
bias within the meta-analyses. The precision added by the new
study contributing to the review's primary outcome and the more
thorough, results-based approach to bias assessment strengthen
the main conclusion, that double-blind trials do not support
increasing ICS dose at the first sign of an exacerbation to reduce the
need for oral steroids.

The updated review now includes nine RCTs, seven parallel and two
cross-over, with a mix of adult and paediatric populations. Mean
maintenance doses of ICS varied in adult and paediatric studies, as
did use of concomitant medications, action plan activation criteria,
ICS fold increases, smoking history, and patient severity. Though
there is increased confidence in the bottom-line finding for the
primary outcome, the new study sheds little additional light on
the secondary outcomes that were experienced infrequently in the
studies (hospital attendance and resource use), which likely reflects
the severity of the recruited populations. Furthermore, the reliance
on aggregate data from a relatively small number of moderately
sized, heterogenous studies means there remains little information
to delve into the cost-benefit profiles of the strategy for populations
at diIerent baseline doses, of diIerent dose increases against other
strategies, and how these interplay with clinical characteristics.

Results for the main oral steroid outcome within the subset of
patients who initiated the study inhaler are unchanged from the
previous version of the review, and subject to significant biases,
both from the primary studies and the assumptions made to allow
synthesis. Sensitivity analyses testing the impact of assumptions
made for synthesis and to exclude cross-over studies, studies at
overall high risk of bias, and those with commercial funding did not
change our conclusions.

Unfortunately, the review update does not resolve uncertainties
about the safety implications of temporary ICS increases, with
conclusions again limited by inconsistent reporting, serious
imprecision, and risk of bias from missing data.

Overall completeness and applicability of evidence

To our knowledge, this is an update of the only systematic review
and meta-analysis in the literature examining the safety and
eIectiveness of increasing versus maintaining the same ICS dose at
the onset of an asthma exacerbation as part of a patient-initiated
action plan. The most recent Global Initiative for Asthma Guidelines
recommend at least doubling ICS dose or consider increasing ICS
to a high dose as part of the asthma self-management action plan
for worsening asthma (GINA 2021). The study populations included
in this review had mild to moderate asthma, therefore the results
may not be applicable to those with severe asthma. The criteria

for action plan activation were based on a combination of PEFR
worsening, increase in asthma symptoms, and/or an increase in
rescue bronchodilator use, which reflect current clinical practice. 

The primary objective of some studies was to measure the
need for oral steroids in those who started the study inhaler,
which ignores potential diIerences in exacerbation frequency and
intervention application between groups, and blurs a lack of need
with other reasons for failing to initiate the study inhaler such
as suboptimal adherence or understanding. More recent studies
follow the 'intention-to-treat' approach to measure the eIect
of being allocated to a stable or increased ICS action strategy
regardless of how frequently or accurately it was enacted, assuming
any diIerences reflect those that would occur in practice. Though
the ITT approach is more methodologically reliable, both angles are
likely to be of interest to decision makers, and our confidence is
reflected in the risk of bias assessments and GRADE ratings.

It should be noted that a recent large, National Institute for
Health and Care Research-funded study commissioned to address
unanswered questions of eIectiveness and safety was not eligible
for inclusion because it used a pragmatic, unblinded design.
The review protocol was designed to focus on the highest-
quality evidence, but exclusion of this study prevented us from
investigating fully the intricacies of diIerences in eIects and
reliability for decision makers. The careful inclusion of unblinded
evidence and analysis with subgroups or sensitivity analyses
alongside the blinded evidence base would help to pick apart
questions of eIectiveness.

There may be several reasons for the overall lack of benefit from
an increased ICS dose strategy on our primary and secondary
outcomes. Firstly, most study participants were on maintenance
ICS, which is an eIective method of preventing exacerbations
and specifically reduce the need for rescue oral corticosteroids.
In several of the included studies, the dose of maintenance ICS
was in a high range. Further increasing ICS dose with the onset
of a respiratory exacerbation may therefore have little benefit
given the shape of the ICS dose-response curve (Holt 2001). In
addition, although self-reported compliance with the action plan
protocol and study inhaler was high (86% in  Garrett 1998  and >
97% in FitzGerald 2004), actual compliance was neither monitored
nor measured objectively. Amongst the studies, there were minor
diIerences in the timing of action plan activation aRer symptom
onset or PEFR worsening, ranging from immediate start to 48
hours aRer. This detail is important to note, as a delay in initiating
increased ICS may also aIect clinical outcomes.

Quality of the evidence

The evidence in this review ranges from moderate to very low
quality across outcomes, meaning we have variable confidence
in the results. We downgraded the primary outcome only for risk
of bias because studies carrying 13% of the analysis weight had
overall high risk of bias, and studies carrying a further 50% of the
weight had some concerns. Biases mostly arose in domains 2 and
3 (deviations from the intended interventions and missing data),
oRen relating to assumptions made when there were diIerences
between the way the study reported the outcome and how it was
needed for the analysis, or uncertainty about the population used
for the study analysis.  We did not downgrade the primary outcome
for imprecision because we judged that the number of events and
participants reflected in the analysis provided reasonable certainty
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that there is unlikely to be an important benefit or harm of the
intervention. However, the bounds are not suIicient to conclude
no diIerence between the two strategies with certainty.

Confidence was reduced for several of the secondary outcomes due
to risk of bias and assumptions made to permit inclusion of study
data in the ITT and treated-population analyses. The most common
limitation across outcomes was the risk of bias inherent within
study designs and introduced through the assumptions that were
required to include studies in the analysis (e.g. to limit the impact
of missing data or due to a diIerence between how the study
reported the outcome and how it was needed to combine with
other studies). Imprecision was a particular issue in the analysis of
serious adverse events and resource-use outcomes that would be
expected to occur infrequently in the recruited populations, who
had mild to moderate asthma (e.g. unscheduled physician visits,
acute care, emergency department visits and hospital admissions).

It is notable that all GRADE ratings changed from the previous
version of the review, resulting mainly from the reassessment of
all studies with the revised risk of bias tool for RCTs. The tool
allowed us to take a more thorough, results-based approach to
teasing out the issues of variable reporting and the impact of review
assumptions and data transformations on the ITT and treated-
population analyses of treatment failure.

All studies were well-matched to our review question, therefore no
downgrades were required for indirectness of study populations,
interventions, or outcomes. We resolved uncertainties in the
definitions of outcomes through contact with study authors, and
where outcome definitions or the populations used for analysis
(e.g. ITT or those taking the study inhaler) were unclear or diIered
from what was defined in the review protocol, this was accounted
for as missing data and deviation from the intended intervention in
the risk of bias assessment (no downgrade for indirectness across
outcomes).

Potential biases in the review process

A number of complexities have arisen during the life cycle of
this review due to changes in practice and methodology, which
have required amendments to the original protocol, which was
published in 2009 (Quon 2009), and post hoc decision-making by
the study authors. The most notable evolution within the review
that has the potential to introduce bias is the approach to defining
the primary outcome of treatment failure and the assumptions that
can be reasonably made to account for variations in study outcome
reporting. The nature of diIerences in how study investigators
defined their outcome population (ITT or treated population) and
how they dealt with participants who did not initiate the study
inhaler were not fully anticipated. Unclear reporting and study
definitions that did not match the preferred ITT population for the
meta-analysis meant that assumptions were required to permit
the inclusion of study data, and these have been made explicit
throughout the Methods, Results, and in supplementary files to
allow our choices to be interrogated, understood, and reanalysed
as necessary.

We made other deviations from the study protocol to increase
eIiciency and bring the review up to date with current methods,
including updating the type of soRware used to manage study
processes and adopting the revised Cochrane risk of bias tool for
RCTs (Higgins 2016; Sterne 2019). Where thresholds were used

for GRADE decisions to downgrade the quality of the evidence,
these have been made explicit within footnotes (e.g. for concluding
no diIerence), and data assumptions and transformations are all
provided in appendices and supplementary files.

Agreements and disagreements with other studies or
reviews

This review is an update of a previously published Cochrane Review
(Kew 2016), and added one more study including 254 participants
to the review (Jackson 2018). The overall study findings and
conclusions are consistent with those of our prior review. There
are two pragmatic studies that were excluded with findings that
are in disagreement with our review, but that provide insightful
perspectives.

A recent, non-blinded, randomised trial involving adults and
adolescents with asthma compared a self-management plan that
included quadrupling versus not quadrupling the dose of inhaled
glucocorticoids (McKeever 2018). The non-blinded nature of the
intervention was the reason for exclusion from this review. The
adjusted hazard ratio for the time to a first severe asthma
exacerbation, defined as treatment with systemic glucocorticoids
or an unscheduled healthcare consultation for asthma, over a 12-
month period was 0.81 (95% CI 0.71 to 0.92; P = 0.002). Furthermore,
the percentage of participants who used systemic glucocorticoids
was lower in the quadrupling group than in the non-quadrupling
group (33% versus 40%), with a mean number of courses of 0.50
versus 0.61 (incidence rate ratio 0.82, 95% CI 0.70 to 0.96). Amongst
those who reported activation of the self-management plan, 50%
of those in quadrupling group and 42% of those in the non-
quadrupling group were judged to have good adherence. In this
pragmatic study, 80% of the participant recruitment was in primary
care. Approximately 50% of the patients included in the trial had
an exacerbation within a year, which may suggest more poorly
controlled baseline. These factors may account for the observed
benefit of quadrupling inhaled glucocorticoids in this study.

Cardet and colleagues published a pilot study to determine the
feasibility of a pragmatic trial testing the Patient-Activated Reliever-
Triggered ICS (PARTICS) strategy of using ICS concomitantly with
rescue inhalers (Cardet 2020). The study population included
mostly female (age > 40 years) African-American and Hispanic
participants who had uncontrolled asthma (mean Asthma Control
Test score < 20) of varying severity (mild, moderate, severe).
Although participant recruitment was feasible in the allotted 12-
week timeframe, key findings included low response rates (61% to
70%) and self-reported adherence (62% to 88%), which led to the
need for modifications to the full study protocol. These pragmatic
clinical trials likely better reflect the real-world setting, which can
inform our interpretation of the results in eIicacy trials.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Evidence from double-blind trials of adults and children with
mild to moderate asthma suggests there is unlikely to be an
important reduction in the need for oral steroids from increasing
a patient's inhaled corticosteroids (ICS) dose at the first sign of
an exacerbation. Other clinically important benefits and potential
harms of increased doses of ICS compared with keeping the dose
stable cannot be ruled out due to wide confidence intervals, risk
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of bias in the trials, and assumptions made to permit synthesis.
The included studies, conducted between 1998 and 2018, reflect
evolving clinical practice and study methods, and the data did not
support thorough investigation of eIect modifiers such as baseline
dose, fold increase, asthma severity and timing. The review does
not include recent evidence from pragmatic, unblinded studies that
suggest a benefit of larger dose increases in those with poorly
controlled asthma.

Implications for research

A new systematic review protocol may be warranted to look at
the diIerences between the blinded and unblinded evidence using
robust methods for assessing risk of bias, in order to present and
critique the full evidence base for decision makers.

Access to individual patient data in one or more of the larger, more
recent trials may shed light on eIect modifiers that are diIicult to
investigate with aggregate data across a small set of heterogeneous
studies. EIectiveness in patients with lower baseline ICS dose and
higher fold increases may be a reasonable focus in light of recent
findings from pragmatic studies. Additional randomised controlled
trials of a similar size in comparable populations are unlikely to add
much certainty to what is already known from this review given the
extent of existing variation between studies and the low frequency
of important resource-use outcomes in the population of interest.

It remains a priority for study investigators to report core
outcomes consistently and transparently with clear descriptions
of the population on which the analysis was conducted, and to
provide access to raw and adjusted data to facilitate reanalysis
and synthesis. Clear and structured descriptions of complex
intervention components are also key in research to support
synthesis for implementation.
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Study characteristics

Methods • Randomised, double-blind, placebo-controlled, parallel-group trial

• Multicentre (8) based in the Australia

• Compared continued maintenance dose of inhaled corticosteroid vs doubled dose at the time of child-
hood asthma exacerbations

• Recruitment year(s) not reported

• 52 weeks from baseline to endpoint

Participants Population

251 children were randomised; 187 participants experienced an exacerbation and contributed to the
analysis.

Participants were between 3 and 14 years old; 38% of children were 3 to 5 years of age; 43% between 6
and 11 years; and 19% between 12 and 14 years. 60% of participants were male. Smoking status not re-
ported (likely all never-smokers, as paediatric study).

Inclusion criteria: informed consent obtained from parent/carer and assent from child when possible.
Age between 3 and 14 years, doctor diagnosis of asthma and taking regular ICS (minimum 125 μg fluti-
casone/d), at least 1 exacerbation in previous 12 months requiring admission to hospital, presentation
to emergency department + use of oral steroids

Exclusion criteria: children with comorbidities that may affect growth; children with other respiratory
illness; unable to obtain informed consent; unable to speak English

ACTRN12605000631606 
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Baseline asthma severity

See Table 1.

Interventions Run-in period: 3-month run-in period including 2 weeks of peak flow measurement

Study period

Control arm: maintenance fluticasone inhaler at child's usual dose + placebo inhaler to keep dose sta-
ble during exacerbations

Study arm: maintenance fluticasone inhaler at child's usual dose + study puIer to double dose during
exacerbations. Continued until back to baseline

Other medications allowed: not reported

Outcomes Primary outcome: use of oral steroid rescue and admission to hospital

Secondary outcomes: growth over 12 months; time oI work for parents, school for children; time for
peak flow to return to baseline

Notes Funding source: Asthma Foundation Queensland; RCH Foundation Brisbane; fluticasone propionate,
placebo, and peak flow metres provided by GlaxoSmithKline

Funder role: details about funder's role reported.

Registration: ACTRN12605000631606

Ethics approval: approved by Royal Children's Hospital & Health Service District (see registration de-
tails)

Consent to participate: reports parents or carers provided informed consent, and children provided
assent where possible

Trial reporting vs review analysis: study reports need for oral steroids as a percentage with unclear
denominators (43.8% increased group, 50.2% usual group). Number of events calculated using those
who started the inhaler as the denominator (93 and 94), giving 41 and 47 events for Analysis 1.2. To in-
clude in Analysis 1.1, the same number of events was used with the number of participants in the full
population.

ACTRN12605000631606  (Continued)

 
 

Study characteristics

Methods • Randomised, double-blind, placebo-controlled, parallel-group trial

• Multicentre (4) based in Canada

• Compared continued maintenance dose of inhaled corticosteroid vs double dose at the time of an
asthma exacerbation

• Recruitment between 1998 and 1999

• 26 weeks from baseline to endpoint

Participants Population

290 participants were randomised; 98 participants experienced an exacerbation and contributed to the
analysis.

Participants were 13 years of age or older; mean age was 32 years; 28% were male; 86% were non-
smokers, and 14% were ex-smokers of fewer than 10 pack-years.

Inclusion criteria

FitzGerald 2004 
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Age ≥ 13 years; documentation of the diagnosis of asthma within the previous year based on FEV1 re-

versibility postbronchodilator, methacholine provoking a fall in FEV1 and/or diurnal PEF variability; at

least 1 previous asthma exacerbation (with mean duration from recent exacerbation to visit 1 of 131
day); stable dose of ICS (< 1200 μg/d of beclomethasone or equivalent twice daily) for 1 month before
visit 1

Exclusion criteria

Severe or near-fatal asthma; current smokers and ex-smokers > 10 pack-years; baseline use of LABA;
pregnant or lactating women; women of childbearing potential not on effective birth control; exacerba-
tion due to chronic sinusitis; hospitalisation in previous 3 months; respiratory tract infection ≤ 1 month
before visit 1

Baseline asthma severity

See Table 1. 

Interventions Run-in period

3- to 6-week period whereby participants using other forms of inhalers were switched to budesonide
Turbuhaler at an equivalent dose and placed on a twice-daily dose regimen

Study period

Control arm: maintenance inhaler of budesonide (100, 200, or 400 μg twice daily) + placebo inhaler
twice daily for exacerbations

Study arm: maintenance inhaler of budesonide + inhaler with budesonide to double dose of ICS (200,
400, or 800 μg twice daily) for exacerbations

Other medications allowed

Terbutaline sulfate inhaler as rescue medication; theophylline; anticholinergics; nasal corticosteroids

Outcomes Primary outcome

The proportion of participants with treatment failure as judged by the need for treatment with oral
methylprednisolone or an unscheduled visit to a physician or medical emergency department due to
asthma or unstable asthma after 14 days of treatment

Secondary outcomes

None

Notes Funding source: AstraZeneca Canada Inc

Funder role: author with AstraZeneca affiliation involved in drafting the protocol and manuscript and
not on the trial steering committee or involved in designing the trial. No other details about funder's
role reported.

Registration: not registered

Ethics approval: approved by institutional ethics committees at each research site

Consent to participate: reports all participants provided written informed consent prior to enrolment

Trial reporting vs review analysis: study reports need for oral steroids only for those who took their
study inhaler, which is suitable for Analysis 1.2. To include in Analysis 1.1, we used the same number of
events with the full population denominators. 
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Study characteristics

Methods • Randomised, double-blind, placebo-controlled, parallel-group trial

• Multicentre (14) based in Italy

• Compared effects of 6-month treatment with low vs standard dose budesonide in controlling symp-
toms and lung function in a group of asthmatic patients with moderate asthma previously treated with
inhaled beclomethasone. Moreover, a comparison was made between a continued low maintenance
dose of budesonide vs a short-term increase in daily dose at the time of an asthma exacerbation.

• Recruitment year(s) not specified

• 26 weeks from baseline to endpoint

Participants Population

213 participants were randomised to 3 treatment groups; 47 participants experienced an exacerbation;
Groups 2 and 3 accounted for 36 exacerbations and contributed to the analysis.

Participants were 18 to 65 years of age; mean age was 39 years; 47% were male; 70% were non-smok-
ers, 22% ex-smokers, and 8% smokers.

Inclusion criteria

Age 18 to 65 years; baseline FEV1 ≥ 50% and ≤ 90% of predicted values; daily PEF variability ≥ 20% on at

least 4 different days during a 2-week period; daily requirement of inhaled beta-2 agonist; presence of
wheeze, cough, chest tightness, shortness of breath that interfered with normal daily activity during a
2-week pre-study observation period

Exclusion criteria

Treatment with a high dose of beclomethasone (> 1000 μg/d); history of seasonal asthma

Baseline asthma severity

See Table 1.

Interventions Run-in period

4-week pre-study treatment period whereby participants were asked to inhale budesonide 800 μg
twice daily

Study period

Control arm (Group 3): maintenance inhaler of budesonide 100 μg twice daily + placebo inhaler 4 times
daily for exacerbations (total 200 μg per day)

Study arm (Group 2): maintenance inhaler of budesonide 100 μg twice daily + budesonide 200 μg 4
times daily for exacerbations (total 1000 μg per day)

Other medications allowed

Inhaled beta-2 agonist; LABA; theophylline; anticholinergics

Outcomes Primary outcome: not specified

Secondary outcomes

• Number of days during which participants experienced cough, wheeze, and shortness of breath

• Total number of exacerbations and number of days with exacerbation during the 6-month treatment
period

• Number of days during which participants had a PEF value < 70% of baseline or during which they
were taking oral corticosteroids was expressed as a percentage of all treatment days

• Number of participants with at least 1 exacerbation during the treatment period

Foresi 2000 
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• Adverse events

Notes Funding source: Astra Farmaceutici

Funder role: no details about funder's role reported.

Registration: not registered

Ethics approval: approved by ethics committees at all clinics

Consent to participate: reports all participants provided informed consent

Trial reporting vs review analysis: reports the number of participants having exacerbations defined
by PEF reduction and the number of days participants had exacerbations and required OCS, but not the
number of participants. Cannot be included in Analysis 1.1 or Analysis 1.2

Foresi 2000  (Continued)

 
 

Study characteristics

Methods  

• Randomised, double-blind, placebo-controlled, cross-over trial

• Single centre based in New Zealand

• Compared efficacy of an increased dose of inhaled corticosteroid used within the context of an asthma
self-management plan for treating exacerbations of asthma

• Recruitment year(s) not specified

• 26 weeks from baseline to endpoint

 

Participants Population

28 participants were randomised; 18 pairs of exacerbations in both cross-over periods contributed to
the analysis.

Participants were 6 to 14 years old; mean age was 8.2 years; 67% were male; smoking status not report-
ed as paediatric trial (likely all non-smokers).

Inclusion criteria

Age 6 to 14 years; currently taking inhaled corticosteroid prophylaxis (not exceeding 800 μg/d)

Exclusion criteria

Taking oral corticosteroids, sodium cromoglycate, or LABA; any previous intensive care admission, re-
cent inpatient care for asthma, or any change in dose of inhaled corticosteroids in the past 2 months;
any concurrent illness

Baseline asthma severity

See Table 1.

Interventions Run-in period

2-week run-in period during which participants were required to use beclomethasone via MDI and
spacer and a salbutamol MDI. Participants previously taking budesonide were switched to beclometha-
sone, but the child's daily dose was not changed.

Study period

Garrett 1998 
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Sequence 1: maintenance beclomethasone inhaler (< 800 μg/d) + placebo inhaler for exacerbation 1,
followed by maintenance beclomethasone inhaler + inhaler with beclomethasone to double dose of
ICS for exacerbation 2

Sequence 2: maintenance beclomethasone inhaler + inhaler with beclomethasone to double dose of
ICS for exacerbation 1. Maintenance beclomethasone inhaler (< 800 μg/d) + placebo inhaler for exacer-
bation 2

Other medications allowed

Salbutamol MDI

Outcomes Primary outcome: not specified

Secondary outcomes

• Morning and evening PEFR

• Diurnal PEFR variability

• Morning and evening symptom scores of cough and wheeze

• Activity symptom score

• Spirometric function including FEV1, FVC, and FEF25-75

• Opinion score on effectiveness of the study inhaler as judged by parents

• Adverse events such as hospitalisation or oral corticosteroid requirement

Notes Funding source: New Zealand Asthma Society

Funder role: no details about funder's role reported

Registration: not registered

Ethics approval: approved by Southern Regional Health Authority ethics committee

Consent to participate: reports all participants and their parent provided informed consent

Trial reporting vs review analysis: study reports need for oral steroids only for those who took their
study inhaler, which is suitable for Analysis 1.2. To include in Analysis 1.1, we used the same number of
events with the full population denominators. 
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Study characteristics

Methods  

• Randomised, placebo-controlled, parallel-group trial

• Single centre based in the UK

• Investigated whether doubling the dose of inhaled corticosteroid when asthma control starts to de-
teriorate reduces the number of participants needing prednisolone, and sought to establish effects
on the severity and duration of the subsequent exacerbation

• Recruitment year(s) not reported

• 52 weeks from baseline to endpoint

 

Participants Population

390 participants were randomised; 207 experienced an exacerbation and contributed to the analysis.

Harrison 2004 
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Participants were 16 years or older; mean age was 49 years; 33% were male; 61% were non-smokers,
36% ex-smokers, and 3% smokers.

Inclusion criteria

Age ≥ 16 years; clinical diagnosis of asthma; taking an inhaled corticosteroid (100 to 2000 μg/d) on a
regular basis; previous course of oral corticosteroids or doubled dose of inhaled corticosteroid in the
previous 12 months for treatment or prevention of an asthma exacerbation

Exclusion criteria

History of smoking > 10 pack-years; unstable asthma during a 2-week run-in period

Baseline asthma severity

See Table 1.

Interventions Run-in period

2-week period whereby participants continued their usual dose of inhaled corticosteroid and recorded
morning peak flow and daytime symptom scores to ensure asthma stability

Study period

Control arm: maintenance inhaled corticosteroid (100 to 2000 μg/d) + identical placebo inhaler for ex-
acerbations

Study arm: maintenance inhaled corticosteroid (100 to 2000 μg/d) + identical inhaler with corticos-
teroid to double dose of ICS for exacerbations

Participants were to use study inhaler for 14 days in addition to usual treatment when peak flow or
symptoms deteriorated.

Other medications allowed

Not specified

Outcomes Primary outcome

Proportion of participants who needed prednisolone in each group

Secondary outcomes

• Maximum fall in peak flow

• Maximum increase in symptom scores

• Time to recovery of peak flow and symptom scores

Notes Funding source: NHS Executive (through National Asthma Campaign)

Funder role: provided critical review of the protocol but no role in study design, data collection, data
analysis, data interpretation, or writing of the report

Registration: not registered

Ethics approval: approved by Nottingham City Hospital ethics committee

Consent to participate: reports all participants provided written informed consent

Trial reporting vs review analysis: study reports need for oral steroids separately for those who took
their study inhaler (suitable for Analysis 1.2) and all randomised participants (suitable for Analysis 1.1)

Harrison 2004  (Continued)
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Study characteristics

Methods  

• Randomised, double-blind, parallel-group trial

• Multicentre (17) based in the USA

• Compared the efficacy and safety of increasing the dose of inhaled glucocorticoids from a baseline
daily low dose to 5 times the daily dose in children with mild-to-moderate persistent asthma who
began to have short-term loss of asthma control

• Recruitment between 2014 and 2016

• 48 weeks from baseline to endpoint

 

Participants Population

254 participants were randomised; 168 participants experienced an exacerbation, with 68 resulting in
treatment failure.

Participants were 5 to 11 years old; mean age was 8 years; 64% were male; 38% had tobacco smoke ex-
posure.

Inclusion criteria

5 to 11 years of age; doctor-diagnosed asthma mild to moderate; persistent asthma and had had at
least 1 asthma exacerbation treated with systemic glucocorticoids in the previous year

Exclusion criteria

Asthma too severe (> 5 exacerbations in the previous year that had been treated with systemic gluco-
corticoids or a history of life-threatening asthma)

Baseline asthma severity

See Table 1.

Interventions Run-in period

4 weeks to establish adherence of 1) more than 75% to the use of open-label trial medication (flutica-
sone propionate at a dose of 44 μg per inhalation, 2 inhalations twice daily); 2) daily completion of an
electronic diary; and 3) asthma control (C-ACT score > 19) at the randomisation visit

Study period

Control arm: maintenance inhaler of budesonide (88 μg twice daily) + control inhaler budesonide (88
μg twice daily) for exacerbations for 7 days at the early signs of loss of asthma control

Study arm: maintenance inhaler of budesonide (88 μg twice daily) + study inhaler budesonide (440 μg
twice daily) for exacerbations for 7 days at the early signs of loss of asthma control

Other medications allowed

Albuterol sulfate 90 μg/inhalation; rescue therapy oral prednisone will be administered for the treat-
ment of impending episodes of severe asthma when bronchodilator therapy is inadequate

Outcomes Primary outcome

Rate of severe asthma exacerbations treated with systemic glucocorticoids during the blinded treat-
ment period

Secondary outcomes

Jackson 2018 
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Time to first asthma exacerbation, treatment failure, area under the curve for symptom scores during
yellow-zone episodes, albuterol use during yellow-zone episodes, unscheduled emergency department
or urgent care visits for asthma, hospitalisations for asthma, total glucocorticoid exposure (inhaled glu-
cocorticoids plus systemic glucocorticoids), and linear growth. Exploratory outcomes included peak
expiratory flows and number of days of asthma control.

Notes Funding source: National Heart, Lung, and Blood Institute (NHLBI) of the National Institutes of Health
(NIH)

Funder role: Program Officers from NHLBI serve on the steering committee for oversight of the inter-
ests/priorities of the NIH as well as applicable regulations. GlaxoSmithKline, who donated the trial
medication, was not involved in trial design, data collection or interpretation. They were given the op-
portunity to read the draR manuscript, but did not provide any comments.

Registration: NCT02066129

Ethics approval: approved by AsthmaNet steering committee, protocol review committee, and data
and safety monitoring board

Consent to participate: reports parents or legal guardians provided written informed consent, and
children provided assent

Trial reporting vs review analysis: number of participants needing oral steroids reported for the full
population (suitable for Analysis 1.1). Study reports the number of treatment failures out of total num-
ber of yellow-zone episodes and the number of participants with at least 1 yellow-zone episode (i.e.
those who took their study inhaler; 80 and 88), but not the number of participants in that population
who needed oral steroids, so data could not be included in Analysis 1.2. Also reports mean number per
year (primary method of analysis in the study), which could be reported narratively with the results

Jackson 2018  (Continued)

 
 

Study characteristics

Methods  

• Randomised, double-blind, placebo-controlled, parallel-group, 4-treatment trial used a 2-by-2 facto-
rial design (2 arms were not relevant to the review and were not included)

• Multicentre (5) based in the USA

• Compared whether discontinuation of daily inhaled glucocorticoids in children with mild, persistent
asthma is associated with increased risk of exacerbations

• Recruitment between 2007 and 2009

• 44 weeks from baseline to endpoint

 

Participants Population

288 participants were randomised to 1 of 4 groups, of which 143 contributed to this analysis (71 com-
bined group, 72 daily group).

Participants were aged between 5 and 18 years; mean age was 11.2 years; 56.6% were male; smoking
status not reported, as paediatric trial (likely all non-smokers).

Inclusion criteria

Children and adolescents 6 to 18 years of age, history of mild persistent asthma during the previous
2 years, qualified for interruption or discontinuation of controller treatment because their illness was
well-controlled (as defined in US National Asthma Education and Prevention Program asthma care
guidelines), naive to controller treatment with a history of 1 to 2 exacerbations in the previous year,

Martinez 2011 
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those treated for the previous 8 weeks with monotherapy other than inhaled corticosteroids, and those
whose illness was controlled for the previous 8 weeks on low-dose corticosteroids as monotherapy (≤
160 μg daily with a beclomethasone equivalent)

Exclusion criteria

Pre-bronchodilator FEV1 < 60% predicted at the first visit; admitted to hospital for asthma in the previ-

ous year; any asthma exacerbation in the previous 3 months or more than 2 in the previous year; histo-
ry of life-threatening asthma exacerbations that required intubation or mechanical ventilation, or that
resulted in a hypoxic seizure

Baseline asthma severity

See Table 1.

Interventions Run-in period

4-week run-in period, during which participants received twice-daily treatment with 1 puI of be-
clomethasone dipropionate and rescue treatment with a placebo inhaler added to rescue albuterol
every time they needed albuterol

Study period

Control arm: maintenance inhaler of beclomethasone 40 μg twice daily + placebo twice-daily inhaler
and albuterol as rescue for exacerbations

Study arm: maintenance inhaler of beclomethasone 40 μg twice daily + 40 mg beclomethasone twice
daily and albuterol as rescue for exacerbations (combined group)

Other medications allowed

Low-dose ICS or other monotherapy in previous 8 weeks. ICS > 160 μg beclomethasone equivalent was
not allowed (daily beclomethasone group).

Definition of exacerbation: use of more than 12 puIs of albuterol in 24 hours (excluding preventive
use before exercise), PEF < 70% of consecutive days, PEF < 50% of reference value despite relief treat-
ment, emergency room visit due to worsening of asthma symptoms

Outcomes Primary outcome

Time to first exacerbation that required treatment with prednisone

Secondary outcomes

Spirometry FEV1, FENO, symptom diaries and control and quality of life questionnaires, linear growth

Notes Funding source: grants from the National Heart, Lung and Blood Institute (NHLBI); TEVA Pharmaceuti-
cal Industries Ltd provided beclomethasone dipropionate-HFA and placebo

Funder role: the NHLBI established and managed the independent data and safety monitoring board.
Reports that the authors had complete independence over the conduct, integrity, and publication of
the study 

Registration: NCT00394329

Other study identifier(s): TREXA

Ethics approval: approved by local institutional review boards

Consent to participate: reports that parents or guardians provided written informed consent, and
children provided verbal or written assent

Trial reporting vs review analysis: study design implies that everyone took their study inhaler, so
there is no difference between the all-randomised (Analysis 1.1) and treated population (Analysis 1.2)

Martinez 2011  (Continued)
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The study used a factorial design, which had implications for the independence of treatments and sub-
sequent analysis of results.

Martinez 2011  (Continued)

 
 

Study characteristics

Methods  

• Randomised, double-blind, placebo-controlled, parallel-group trial

• Single centre based in the UK

• Investigated whether a 4-fold increase in the dose of inhaled corticosteroids, started when asthma
control deteriorates, can prevent the need for oral corticosteroids

• Recruitment between 2004 and 2008

• 52 weeks from baseline to endpoint

 

Participants Population

403 participants were randomised; 94 participants experienced an exacerbation, for a total of 121 exac-
erbations that contributed to the analysis.

Participants were 16 years of age or older; mean age was 56 years; 32% of participants were male; 69%
were never-smokers, 21% were ex-smokers, and 10% were smokers.

Inclusion criteria: age > 16 years, stable asthma, treated with ICS (200 to 1000 μg budesonide or equiv-
alent), taken a course of oral corticosteroid or doubled dose of ICS in the previous 12 months but not in
the preceding 4 weeks

Exclusion criteria: > 20 pack-year smoking history, other clinically significant medical conditions,
pregnant or lactating

Baseline asthma severity

See Table 1.

Interventions Run-in period: 2-week period whereby participants continued their usual dose of inhaled corticos-
teroid and recorded morning peak flow and daytime symptom scores to ensure asthma stability

Study period

Control arm: maintenance inhaled corticosteroid (200 to 1000 μg/d) + identical placebo inhaler for ex-
acerbations

Study arm: maintenance inhaled corticosteroid (200 to 1000 μg/d) + identical inhaler with corticos-
teroid to quadruple dose of ICS for exacerbations

Participants were to use study inhaler for 14 days in addition to usual treatment when peak flow or
symptoms deteriorated.

Other medications allowed

Not specified

Outcomes Primary outcome

Number of participants who had exacerbations of asthma treated with oral corticosteroids (ITT analy-
sis)

Oborne 2009 
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Secondary outcomes

Number of participants who started the study inhaler and went on to require treatment with oral corti-
costeroids (treated population)

Notes Funding source: Asthma UK

Funder role: not reported

Registration: ISRCTN46018181

Ethics approval: approved by Nottingham Research Ethics Committee and relevant Research and De-
velopment departments in Nottinghamshire and Derbyshire

Consent to participate: reports that participants provided written informed consent

Trial reporting vs review analysis: study reports the need for oral steroids separately for those who
took their study inhaler (suitable for Analysis 1.2) and all randomised participants (suitable for Analysis
1.1)

Oborne 2009  (Continued)

 
 

Study characteristics

Methods • Randomised, double-blind, placebo-controlled, cross-over trial

• Single centre based in Australia

• Examined the comparative effectiveness and side effects of doubling ICS versus 2 other treatment
strategies

• Recruitment year(s) not reported

• 26 weeks from baseline to endpoint

Participants Population

22 participants were randomised; 18 experienced an exacerbation in both phases and contributed to
the analysis.

Participants were 18 years of age or older; mean age was 46.5 years; 40.9% were male; smoking status
not reported.

Inclusion criteria: consenting adults ≥ 18 years of age; physician-diagnosed asthma; reversible airways
obstruction evidenced by (i) ≥ 15% reversibility in FEV1; or (ii) ≥ 20% variability in PEF over the 2- to 4-

week run-in period (% variability defined as highest PEF–lowest PEF/highest PEF 3100); assessment by
investigator that ongoing treatment with ICS was appropriate; participant did not meet any exclusion
criteria

Exclusion criteria: mild asthma when exacerbations with PEF < 80% of best were thought to be unlike-
ly during the course of the study; demonstration by potential volunteers of erroneous or falsified PEF
entries during a 2– to 4-week reliability check; reliability was determined by comparison of self-record-
ed PEF with actual PEF as recorded on personal Vitalograph 2110 electronic PEF/FEV1 diaries (Vitalo-

graph, Buckingham, UK); participants were unaware that the diaries recorded all PEF values; asthma
requiring continuous oral steroids or immunosuppressive-type therapies; concomitant use of LABA,
theophylline, or LTRA did not exclude individuals from participating

Baseline asthma severity

See Table 1.

Interventions Run-in period:

Rice-McDonald 2005 
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2- to 4-week run-in period to ensure inclusion criteria, demonstrate competence in taking ICS via spac-
er, and ensure that asthma was stable

Study period

Control phase: maintenance ICS inhaler (usual type/dose) + same number of placebo inhalations for 14
days during exacerbations

Study phase: maintenance ICS inhaler (usual type/dose) + same number of ICS inhalations for 14 days
during exacerbations

Participants also received placebo oral steroids for 7 days during these phases and their usual SABA in-
haler.

Other medications allowed: concomitant use of LABA, theophylline, or LTRA was not exclusionary

Outcomes Treatment failure rates; PEF at endpoint; adverse events. The endpoint was assessed at 7 days if no
treatment failure, or at time of treatment failure in the event of failure.

Outcomes were not defined as primary and secondary.

Notes Funding source: Asthma Foundation of Queensland

Funder role: no details about funder's role reported

Registration: not registered

Ethics approval: approved by institutional ethics committees of the participating unit

Consent to participate: reports that all participants had to give consent

Trial reporting vs review analysis: study population is defined by those who took the study inhaler in
order to have matched pairs for analysis, so the same data were used in Analysis 1.1 and Analysis 1.2

Rice-McDonald 2005  (Continued)

C-ACT: Childhood Asthma Control Test
FEF: forced expiratory flow
FENO: fractional exhaled nitric oxide
FEV1: forced expiratory volume in one second

FVC: forced vital capacity
HFA: hydrofluoroalkane
ICS: inhaled corticosteroids
ITT: intention-to-treat
LABA: long-acting beta agonist
LTRA: leukotriene receptor antagonist
MDI: metred dose inhaler
NR: not reported
OCS: oral corticosteroids
PEF: peak expiratory flow
PEFR: peak expiratory flow rate
SABA: short-acting beta-agonist
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bateman 2008 Comparison of 2 doses of ciclesonide; not placebo controlled; uncontrolled asthma at baseline

Boushey 2005 Budesonide vs LTRA for mild persistent asthma
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Study Reason for exclusion

Brand 2011 ICS stopped during run-in, therefore no baseline ICS.

Bullard 1996 Systemic corticosteroids vs placebo for COPD, not asthma exacerbations

Clearie 2010 Stopped ICS for 2 weeks before trial. Not focused on exacerbations

Condemi 1999 Low- vs high-dose ICS; not placebo controlled; uncontrolled asthma at baseline

Connett 1993 No use of ICS at baseline

Currie 2003 Salmeterol-fluticasone vs fluticasone for uncontrolled asthma (not exacerbations)

De Benedictis 2005 Nebulised fluticasone vs budesonide; not placebo controlled; no use of ICS at baseline

Devidayal 1999 Nebulised budesonide vs oral prednisone; not placebo controlled; no use of ICS at baseline

Farber 2016 Not an RCT; commentary

FitzGerald 2000 Use of systemic corticosteroids first; not placebo controlled

Gilbert 2018 Wrong design; commentary, not original RCT

Greening 1994 BDP + salmeterol vs high-dose BDP; not placebo controlled; uncontrolled asthma at baseline

GSK 2005 Not placebo controlled; uncontrolled asthma at baseline

Hanania 2020 No short-term increase in ICS dose in response to an exacerbation

Hedlin 1999 Inhaled budesonide vs oral betamethasone; not placebo controlled

Heinig 1999 Budesonide vs fluticasone; not placebo controlled; uncontrolled asthma at baseline

Karpel 2007 Severe persistent asthma (not exacerbations); participants on OCS at baseline

La Rosa 1997 Salbutamol-flunisolide vs salbutamol; not placebo controlled

Lee-Wong 2002 Inhaled flunisolide vs systemic corticosteroids following IV corticosteroids; not placebo controlled

Lemanske 2010 3 step-up options and no stable study arm. ICS increased, but not in response to exacerbation.

Leuppi 2002 Unstable dose of ICS (dose reduction) before exacerbation

Levy 1996 Fluticasone vs oral prednisolone; not placebo controlled; not all participants on ICS at baseline

Manjra 2000 Nebulised fluticasone vs oral prednisolone; not placebo controlled; not all participants on ICS at
baseline

Matz 2001 Salmeterol-fluticasone vs high-dose fluticasone for stable asthma (not exacerbations)

McKeever 2018 Study design; pragmatic, unblinded trial with no placebo control

Milani 2004 No use of ICS at baseline

Nana 1998 Inhaled budesonide vs oral prednisolone; not placebo controlled
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Study Reason for exclusion

NCT02995733 Participants not blinded to exacerbation strategy

Nuhoglu 2001 No use of ICS at baseline

O'Connor 2010 ICS given, but not in response to exacerbation.

Papi 2022 ICS given, but not in response to an exacerbation. All participants were on maintenance ICS, and
the study included groups where the dose was kept stable or increased. However, the inhalers were
used as a general rescue medication and preventative measure before exercise, not as part of an
action plan to prevent exacerbations.

Pedersen 2009 ICS given, but not in response to exacerbation.

Prentice 2017 Wrong design; commentary on previous version of this review

Razi 2008 2 dosing regimens of nebulised budesonide; not placebo controlled

Rodrigo 1998 No use of ICS at baseline

Rodrigo 2005 Inhaled fluticasone vs IV hydrocortisone; no use of ICS at baseline

Schuh 2000 Inhaled fluticasone vs oral prednisolone; not all participants on ICS at baseline

Schuh 2006 Inhaled fluticasone vs oral prednisolone; not all participants on ICS at baseline

Sekerel 2005 Not all participants on ICS at baseline

Singhi 1999 Not all participants on ICS at baseline

Svedmyr 1995 ICS started at onset of URTI but not a confirmed asthma exacerbation; no ICS use at baseline

Volovitz 1998 Inhaled budesonide vs oral prednisone; not placebo controlled; no ICS use at baseline

Weinberger 2016 Wrong design; commentary on evidence, not primary study

Wilson 1990 Not all participants on ICS at baseline

Yousef 2012 No stable ICS arm

BDP: beclomethasone dipropionate
COPD: chronic obstructive pulmonary disease
ICS: inhaled corticosteroids
IV: intravenous
LTRA: leukotriene receptor agonists
OCS: oral corticosteroids
RCT: randomised controlled trial
URTI: upper respiratory tract infection
 

R I S K   O F   B I A S

Legend:     Low risk of bias      High risk of bias      Some concerns     
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Risk of bias for analysis 1.1 Treatment failure: need for systemic corticosteroids (primary outcome, all randomised participants)

Bias

Study Randomisation
process

Deviations
from intended
interventions

Missing
outcome data

Measurement
of the outcome

Selection of
the reported

results

Overall

AC-
TRN12605000631606

FitzGerald 2004

Garrett 1998

Harrison 2004

Jackson 2018

Martinez 2011

Oborne 2009

Rice-McDonald
2005

 
 
Risk of bias for analysis 1.2 Treatment failure: need for systemic corticosteroids (of those starting inhaler)

Bias

Study Randomisation
process

Deviations
from intended
interventions

Missing
outcome data

Measurement
of the outcome

Selection of
the reported

results

Overall

AC-
TRN12605000631606

FitzGerald 2004
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Harrison 2004
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results

Overall

Rice-McDonald
2005

 
 
Risk of bias for analysis 1.3 Unscheduled physician visits

Bias
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interventions
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outcome data
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of the outcome

Selection of
the reported

results

Overall

AC-
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Harrison 2004

 
 
Risk of bias for analysis 1.4 Unscheduled acute care, ED visit, or hospital admission

Bias

Study Randomisation
process
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outcome data
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Overall
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Risk of bias for analysis 1.5 Serious and non-serious adverse events

Bias

Study Randomisation
process

Deviations
from intended
interventions

Missing
outcome data

Measurement
of the outcome

Selection of
the reported

results

Overall

Subgroup 1.5.1 Serious adverse events

AC-
TRN12605000631606

Martinez 2011

Subgroup 1.5.2 Non-serious adverse events

Foresi 2000

Oborne 2009

 
 
Risk of bias for analysis 1.6 Duration of exacerbation

Bias

Study Randomisation
process

Deviations
from intended
interventions

Missing
outcome data

Measurement
of the outcome

Selection of
the reported

results

Overall

Subgroup 1.6.1 days to symptom recovery

Harrison 2004

Subgroup 1.6.2 days to lung function recovery

Harrison 2004

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Increased versus stable doses of ICS

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Treatment failure: need for sys-
temic corticosteroids (primary out-
come, all randomised participants)

8 1774 Odds Ratio (IV, Fixed, 95%
CI)

0.97 [0.76, 1.25]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.2 Treatment failure: need for sys-
temic corticosteroids (of those starting
inhaler)

7 766 Odds Ratio (IV, Random,
95% CI)

0.84 [0.54, 1.30]

1.3 Unscheduled physician visits 3 931 Odds Ratio (M-H, Fixed, 95%
CI)

0.96 [0.66, 1.41]

1.4 Unscheduled acute care, ED visit, or
hospital admission

4 704 Peto Odds Ratio (Peto,
Fixed, 95% CI)

0.50 [0.16, 1.56]

1.5 Serious and non-serious adverse
events

4   Odds Ratio (M-H, Fixed, 95%
CI)

Subtotals only

1.5.1 Serious adverse events 2 394 Odds Ratio (M-H, Fixed, 95%
CI)

1.69 [0.77, 3.71]

1.5.2 Non-serious adverse events 2 142 Odds Ratio (M-H, Fixed, 95%
CI)

2.15 [0.68, 6.73]

1.6 Duration of exacerbation 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.6.1 days to symptom recovery 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

1.6.2 days to lung function recovery 1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed
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Analysis 1.1.   Comparison 1: Increased versus stable doses of ICS, Outcome 1: Treatment
failure: need for systemic corticosteroids (primary outcome, all randomised participants)

Study or Subgroup

ACTRN12605000631606
FitzGerald 2004
Garrett 1998
Harrison 2004
Jackson 2018
Martinez 2011
Oborne 2009
Rice-McDonald 2005 (1)

Total (95% CI)
Heterogeneity: Chi² = 6.59, df = 7 (P = 0.47); I² = 0%
Test for overall effect: Z = 0.21 (P = 0.83)
Test for subgroup differences: Not applicable

log[OR]

-0.2471
0.3546
1.6822

-0.0638
0.3225
0.1547

-0.5053
0

SE

0.2651
0.4575
1.5725
0.3142
0.2849
0.3676
0.3184
0.5726

Increased ICS
Total

127
142
14

192
127
71

197
9

879

Stable ICS
Total

124
148
14

198
127
72

203
9

895

Weight

22.9%
7.7%
0.7%

16.3%
19.8%
11.9%
15.9%
4.9%

100.0%

Odds Ratio
IV, Fixed, 95% CI

0.78 [0.46 , 1.31]
1.43 [0.58 , 3.49]

5.38 [0.25 , 117.24]
0.94 [0.51 , 1.74]
1.38 [0.79 , 2.41]
1.17 [0.57 , 2.40]
0.60 [0.32 , 1.13]
1.00 [0.33 , 3.07]

0.97 [0.76 , 1.25]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Risk of Bias
A

+
+
+
+
?
+
+
+

B

?
-
-
+
+
+
+
-

C

+
?
-
+
+
+
+
-

D

+
+
+
+
+
+
+
+

E

?
?
?
?
+
?
?
?

F

?
-
-
+
+
+
+
-

Footnotes
(1) The total number of participants in the crossover studies were halved across groups so as to accurately reflect the total number of people in the analysis. This did not affect the analysis which was conducted using generic inverse variance, the participant totals are for display only.

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 1.2.   Comparison 1: Increased versus stable doses of ICS, Outcome 2:
Treatment failure: need for systemic corticosteroids (of those starting inhaler)

Study or Subgroup

ACTRN12605000631606
FitzGerald 2004
Garrett 1998 (1)
Harrison 2004
Martinez 2011
Oborne 2009
Rice-McDonald 2005

Total (95% CI)
Heterogeneity: Tau² = 0.14; Chi² = 10.37, df = 6 (P = 0.11); I² = 42%
Test for overall effect: Z = 0.80 (P = 0.42)
Test for subgroup differences: Not applicable

log[OR]

-0.2377
0.4935
1.7238

-0.34
0.1547

-1.2993
0

SE

0.2936
0.4963
1.5858
0.3499
0.3676
0.4597
0.5726

Increased ICS
Total

93
47
9

110
71
56
9

395

Stable ICS
Total

94
52
9

97
72
38
9

371

Weight

22.4%
13.0%
1.9%

19.2%
18.4%
14.3%
10.8%

100.0%

Odds Ratio
IV, Random, 95% CI

0.79 [0.44 , 1.40]
1.64 [0.62 , 4.33]

5.61 [0.25 , 125.45]
0.71 [0.36 , 1.41]
1.17 [0.57 , 2.40]
0.27 [0.11 , 0.67]
1.00 [0.33 , 3.07]

0.84 [0.54 , 1.30]

Odds Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Risk of Bias
A

+
+
+
+
+
+
+

B

-
+
?
-
+
-
+

C

+
-
-
+
+
-
-

D

+
+
+
+
+
+
+

E

?
?
?
?
?
?
?

F

-
-
-
-
+
-
-

Footnotes
(1) The total number of participants in the crossover studies were halved across groups so as to accurately reflect the total number of people in the analysis. This did not affect the analysis which was conducted using generic inverse variance, the participant totals are for display only.

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 1.3.   Comparison 1: Increased versus stable doses of ICS, Outcome 3: Unscheduled physician visits

Study or Subgroup

ACTRN12605000631606
FitzGerald 2004 (1)
Harrison 2004

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.65, df = 2 (P = 0.44); I² = 0%
Test for overall effect: Z = 0.19 (P = 0.85)
Test for subgroup differences: Not applicable

Increased ICS
Events

35
1

31

67

Total

127
142
192

461

Stable ICS
Events

41
0

28

69

Total

124
148
198

470

Weight

56.0%
0.9%

43.1%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.77 [0.45 , 1.32]
3.15 [0.13 , 77.93]
1.17 [0.67 , 2.04]

0.96 [0.66 , 1.41]

Odds Ratio
M-H, Fixed, 95% CI

0.2 0.5 1 2 5
Favours increased ICS Favours stable ICS

Risk of Bias
A

+
+
+

B

?
-
+

C

+
?
+

D

+
+
+

E

?
?
?

F

?
-
+

Footnotes
(1) Denominators are the full randomised population

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 1.4.   Comparison 1: Increased versus stable doses of ICS,
Outcome 4: Unscheduled acute care, ED visit, or hospital admission

Study or Subgroup

ACTRN12605000631606
Garrett 1998
Jackson 2018
Martinez 2011

Total (95% CI)
Total events:
Heterogeneity: Chi² = 2.62, df = 1 (P = 0.11); I² = 62%
Test for overall effect: Z = 1.20 (P = 0.23)
Test for subgroup differences: Not applicable

Increased ICS
Events

4
0
0
0

4

Total

127
28

127
71

353

Stable ICS
Events

4
0
4
0

8

Total

124
28

127
72

351

Weight

66.3%

33.7%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

0.98 [0.24 , 3.98]
Not estimable

0.13 [0.02 , 0.95]
Not estimable

0.50 [0.16 , 1.56]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Risk of Bias
A

+
+
?
+

B

?
-
+
+

C

-
-
+
+

D

+
+
+
+

E

?
?
+
?

F

-
-
+
+

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 1.5.   Comparison 1: Increased versus stable doses
of ICS, Outcome 5: Serious and non-serious adverse events

Study or Subgroup

1.5.1 Serious adverse events
ACTRN12605000631606 (1)
Martinez 2011
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 1.30 (P = 0.19)

1.5.2 Non-serious adverse events
Foresi 2000 (2)
Oborne 2009
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.01, df = 1 (P = 0.91); I² = 0%
Test for overall effect: Z = 1.31 (P = 0.19)

Test for subgroup differences: Chi² = 0.12, df = 1 (P = 0.73), I² = 0%

Increased ICS
Events

17
1

18

2
9

11

Total

127
71

198

17
56
73

Stable ICS
Events

10
1

11

2
3

5

Total

124
72

196

31
38
69

Weight

90.0%
10.0%

100.0%

29.4%
70.6%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

1.76 [0.77 , 4.02]
1.01 [0.06 , 16.54]
1.69 [0.77 , 3.71]

1.93 [0.25 , 15.12]
2.23 [0.56 , 8.86]
2.15 [0.68 , 6.73]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Risk of Bias
A

+
+

+
+

B

-
+

-
+

C

-
+

-
?

D

+
?

+
-

E

?
?

-
-

F

-
?

-
-

Footnotes
(1) Full randomised population denominators used for both studies. Results are similar and conclusions do not change if numbers for only those who took the study medication were used (OR 1.79, 95% CI 0.80 to 3.99))
(2) Denominators used are those that took the exacerbation inhalers, not the total numbers randomised.

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 1.6.   Comparison 1: Increased versus stable doses of ICS, Outcome 6: Duration of exacerbation

Study or Subgroup

1.6.1 days to symptom recovery
Harrison 2004 (1)

1.6.2 days to lung function recovery
Harrison 2004 (2)

Increased ICS
Mean

6.8

6.8

SD

5.8209

5.8209

Total

110

110

Stable ICS
Mean

6.1

7

SD

6.9464

6.4502

Total

97

97

Mean Difference
IV, Fixed, 95% CI

0.70 [-1.06 , 2.46]

-0.20 [-1.88 , 1.48]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours increased ICS Favours stable ICS

Risk of Bias
A

+

+

B

+

+

C

+

+

D

+

+

E

?

?

F

+

+

Footnotes
(1) Presumed typo in paper for lower CI. Entered upper CI which calculated lower as 4.7. Only those who started the study inhaler.
(2) Only those who started the study inhaler

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Comparison 2.   Primary outcome subgroup and sensitivity analyses

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Subgrouped by age 8   Odds Ratio (IV, Fixed, 95% CI) 0.97 [0.76, 1.25]

2.1.1 Children 4   Odds Ratio (IV, Fixed, 95% CI) 1.07 [0.76, 1.49]

2.1.2 Adults 4   Odds Ratio (IV, Fixed, 95% CI) 0.87 [0.60, 1.26]

2.2 Subgrouped by time to
treatment initiation

8   Odds Ratio (IV, Fixed, 95% CI) 0.97 [0.76, 1.25]

2.2.1 < 48 hours 5   Odds Ratio (IV, Fixed, 95% CI) 1.02 [0.77, 1.36]

2.2.2 ≥ 48 hours 3   Odds Ratio (IV, Fixed, 95% CI) 0.84 [0.51, 1.39]

2.3 Subgrouped by mainte-
nance ICS dose

7   Odds Ratio (IV, Fixed, 95% CI) 0.96 [0.75, 1.24]

2.3.1 Low 2   Odds Ratio (IV, Fixed, 95% CI) 1.30 [0.83, 2.02]

2.3.2 Medium 3   Odds Ratio (IV, Fixed, 95% CI) 0.78 [0.52, 1.18]

2.3.3 High 2   Odds Ratio (IV, Fixed, 95% CI) 0.91 [0.58, 1.42]

2.4 Subgrouped by ICS dose
during exacerbation

7   Odds Ratio (IV, Fixed, 95% CI) 0.96 [0.75, 1.24]

2.4.1 Low 1   Odds Ratio (IV, Fixed, 95% CI) 1.17 [0.57, 2.40]

2.4.2 High 6   Odds Ratio (IV, Fixed, 95% CI) 0.94 [0.72, 1.22]

2.5 Subgrouped by ICS fold in-
crease

8   Odds Ratio (IV, Fixed, 95% CI) 0.97 [0.76, 1.25]

2.5.1 Double dose 6   Odds Ratio (IV, Fixed, 95% CI) 0.98 [0.72, 1.34]

2.5.2 More than double 2   Odds Ratio (IV, Fixed, 95% CI) 0.96 [0.63, 1.45]

2.6 Sensitivity analysis: paral-
lel-group studies only

6 1728 Odds Ratio (M-H, Fixed, 95% CI) 0.96 [0.74, 1.24]

2.7 Sensitivity analysis: remov-
ing studies at overall high risk
of bias

5   Odds Ratio (IV, Fixed, 95% CI) 0.93 [0.71, 1.21]

2.8 Sensitivity analysis: inde-
pendently funded studies only

6   Odds Ratio (IV, Fixed, 95% CI) 0.93 [0.72, 1.21]

 
 

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

47



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.1.   Comparison 2: Primary outcome subgroup and sensitivity analyses, Outcome 1: Subgrouped by age

Study or Subgroup

2.1.1 Children
ACTRN12605000631606
Garrett 1998
Jackson 2018
Martinez 2011
Subtotal (95% CI)
Heterogeneity: Chi² = 3.32, df = 3 (P = 0.34); I² = 10%
Test for overall effect: Z = 0.39 (P = 0.70)

2.1.2 Adults
FitzGerald 2004
Harrison 2004
Oborne 2009
Rice-McDonald 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 2.60, df = 3 (P = 0.46); I² = 0%
Test for overall effect: Z = 0.75 (P = 0.46)

Total (95% CI)
Heterogeneity: Chi² = 6.59, df = 7 (P = 0.47); I² = 0%
Test for overall effect: Z = 0.21 (P = 0.83)
Test for subgroup differences: Chi² = 0.66, df = 1 (P = 0.41), I² = 0%

log[OR]

-0.2471
1.6822
0.3225
0.1547

0.3546
-0.0638
-0.5053

0

SE

0.2651
1.5725
0.2849
0.3676

0.4575
0.3142
0.3184
0.5726

Weight

22.9%
0.7%

19.8%
11.9%
55.3%

7.7%
16.3%
15.9%
4.9%

44.7%

100.0%

Odds Ratio
IV, Fixed, 95% CI

0.78 [0.46 , 1.31]
5.38 [0.25 , 117.24]

1.38 [0.79 , 2.41]
1.17 [0.57 , 2.40]
1.07 [0.76 , 1.49]

1.43 [0.58 , 3.49]
0.94 [0.51 , 1.74]
0.60 [0.32 , 1.13]
1.00 [0.33 , 3.07]
0.87 [0.60 , 1.26]

0.97 [0.76 , 1.25]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS
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Analysis 2.2.   Comparison 2: Primary outcome subgroup and sensitivity
analyses, Outcome 2: Subgrouped by time to treatment initiation

Study or Subgroup

2.2.1 < 48 hours
ACTRN12605000631606
Harrison 2004
Jackson 2018 (1)
Martinez 2011
Rice-McDonald 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 2.35, df = 4 (P = 0.67); I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

2.2.2 ≥ 48 hours
FitzGerald 2004
Garrett 1998
Oborne 2009
Subtotal (95% CI)
Heterogeneity: Chi² = 3.81, df = 2 (P = 0.15); I² = 48%
Test for overall effect: Z = 0.67 (P = 0.50)

Total (95% CI)
Heterogeneity: Chi² = 6.59, df = 7 (P = 0.47); I² = 0%
Test for overall effect: Z = 0.21 (P = 0.83)
Test for subgroup differences: Chi² = 0.43, df = 1 (P = 0.51), I² = 0%

log[OR]

-0.2471
-0.0638
0.3225
0.1547

0

0.3546
1.6822

-0.5053

SE

0.2651
0.3142
0.2849
0.3676
0.5726

0.4575
1.5725
0.3184

Weight

22.9%
16.3%
19.8%
11.9%
4.9%

75.8%

7.7%
0.7%

15.9%
24.2%

100.0%

Odds Ratio
IV, Fixed, 95% CI

0.78 [0.46 , 1.31]
0.94 [0.51 , 1.74]
1.38 [0.79 , 2.41]
1.17 [0.57 , 2.40]
1.00 [0.33 , 3.07]
1.02 [0.77 , 1.36]

1.43 [0.58 , 3.49]
5.38 [0.25 , 117.24]

0.60 [0.32 , 1.13]
0.84 [0.51 , 1.39]

0.97 [0.76 , 1.25]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Footnotes
(1) Action plans instructed participants not to wait for the yellow-zone alert from the electronic diary before starting the blinded yellow-zone inhaler
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Analysis 2.3.   Comparison 2: Primary outcome subgroup and
sensitivity analyses, Outcome 3: Subgrouped by maintenance ICS dose

Study or Subgroup

2.3.1 Low
Jackson 2018 (1)
Martinez 2011 (2)
Subtotal (95% CI)
Heterogeneity: Chi² = 0.13, df = 1 (P = 0.72); I² = 0%
Test for overall effect: Z = 1.15 (P = 0.25)

2.3.2 Medium
Harrison 2004 (3)
Oborne 2009 (4)
Rice-McDonald 2005 (5)
Subtotal (95% CI)
Heterogeneity: Chi² = 1.18, df = 2 (P = 0.55); I² = 0%
Test for overall effect: Z = 1.17 (P = 0.24)

2.3.3 High
ACTRN12605000631606 (6)
FitzGerald 2004 (7)
Subtotal (95% CI)
Heterogeneity: Chi² = 1.29, df = 1 (P = 0.26); I² = 23%
Test for overall effect: Z = 0.42 (P = 0.68)

Total (95% CI)
Heterogeneity: Chi² = 5.40, df = 6 (P = 0.49); I² = 0%
Test for overall effect: Z = 0.30 (P = 0.77)
Test for subgroup differences: Chi² = 2.79, df = 2 (P = 0.25), I² = 28.3%

log[OR]

0.3225
0.1547

-0.0638
-0.5053

0

-0.2471
0.3546

SE

0.2849
0.3676

0.3142
0.3184
0.5726

0.2651
0.4575

Weight

19.9%
12.0%
31.9%

16.4%
16.0%

4.9%
37.3%

23.0%
7.7%

30.8%

100.0%

Odds Ratio
IV, Fixed, 95% CI

1.38 [0.79 , 2.41]
1.17 [0.57 , 2.40]
1.30 [0.83 , 2.02]

0.94 [0.51 , 1.74]
0.60 [0.32 , 1.13]
1.00 [0.33 , 3.07]
0.78 [0.52 , 1.18]

0.78 [0.46 , 1.31]
1.43 [0.58 , 3.49]
0.91 [0.58 , 1.42]

0.96 [0.75 , 1.24]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Footnotes
(1) Baseline daily fluticasone propionate dose of 176 μg, low dose for children
(2) Baseline dose was 80 mcg/day beclomethasone, low dose for children
(3) Baseline mean dose 710 mcg/day (presumed BDP, not described otherwise), medium dose for adults
(4) Baseline mean dose 520 mcg/day (presumed BDP, not described otherwise), medium dose for adults
(5) Maintenance dose assumed from median achieved fluticasone doses of 1000-2000 mcg/day
(6) 51/67 children were on fluticasone 500mcg/day fluticasone which is on the cusp of medium and high dose, and the rest were on > 500 mcg/day
(7) Baseline mean budesonide dose 635 mcg/day, high dose for adults
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Analysis 2.4.   Comparison 2: Primary outcome subgroup and sensitivity
analyses, Outcome 4: Subgrouped by ICS dose during exacerbation

Study or Subgroup

2.4.1 Low
Martinez 2011 (1)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.42 (P = 0.67)

2.4.2 High
ACTRN12605000631606 (2)
FitzGerald 2004 (3)
Harrison 2004 (4)
Jackson 2018 (5)
Oborne 2009 (6)
Rice-McDonald 2005 (7)
Subtotal (95% CI)
Heterogeneity: Chi² = 5.09, df = 5 (P = 0.41); I² = 2%
Test for overall effect: Z = 0.47 (P = 0.64)

Total (95% CI)
Heterogeneity: Chi² = 5.40, df = 6 (P = 0.49); I² = 0%
Test for overall effect: Z = 0.30 (P = 0.77)
Test for subgroup differences: Chi² = 0.31, df = 1 (P = 0.58), I² = 0%

log[OR]

0.1547

-0.2471
0.3546

-0.0638
0.3225

-0.5053
0

SE

0.3676

0.2651
0.4575
0.3142
0.2849
0.3184
0.5726

Weight

12.0%
12.0%

23.0%
7.7%

16.4%
19.9%
16.0%

4.9%
88.0%

100.0%

Odds Ratio
IV, Fixed, 95% CI

1.17 [0.57 , 2.40]
1.17 [0.57 , 2.40]

0.78 [0.46 , 1.31]
1.43 [0.58 , 3.49]
0.94 [0.51 , 1.74]
1.38 [0.79 , 2.41]
0.60 [0.32 , 1.13]
1.00 [0.33 , 3.07]
0.94 [0.72 , 1.22]

0.96 [0.75 , 1.24]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Footnotes
(1) The study inhaler doubled the ICS dose to beclomethasone 160 mcg/day, still considered a low dose for children
(2) Baseline dose was just to be high for children, so the increased dose was also high
(3) Based on the already high dose mean at baseline, the double dose was assumed to be around 1200 (also in the high dose category)
(4) Based on the medium baseline dose, we assumed the double dose would be comfortably in the high dose category for adults
(5) High fluticasone propionate dose for children after increase (880 μg, 2 x 220 inhalations twice daily)
(6) Based on the medium baseline dose, we assumed the quadruple dose would be comfortably in the high dose category for adults
(7) The achieved mean doses were reported as 1000 and 2000 mcg of fluticasone per day which are both within the high dose category for adults
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Analysis 2.5.   Comparison 2: Primary outcome subgroup and
sensitivity analyses, Outcome 5: Subgrouped by ICS fold increase

Study or Subgroup

2.5.1 Double dose
ACTRN12605000631606
FitzGerald 2004
Garrett 1998
Harrison 2004
Martinez 2011
Rice-McDonald 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 2.82, df = 5 (P = 0.73); I² = 0%
Test for overall effect: Z = 0.10 (P = 0.92)

2.5.2 More than double
Jackson 2018 (1)
Oborne 2009 (2)
Subtotal (95% CI)
Heterogeneity: Chi² = 3.75, df = 1 (P = 0.05); I² = 73%
Test for overall effect: Z = 0.21 (P = 0.83)

Total (95% CI)
Heterogeneity: Chi² = 6.59, df = 7 (P = 0.47); I² = 0%
Test for overall effect: Z = 0.21 (P = 0.83)
Test for subgroup differences: Chi² = 0.01, df = 1 (P = 0.91), I² = 0%

log[OR]

-0.2471
0.3546
1.6822

-0.0638
0.1547

0

0.3225
-0.5053

SE

0.2651
0.4575
1.5725
0.3142
0.3676
0.5726

0.2849
0.3184

Weight

22.9%
7.7%
0.7%

16.3%
11.9%
4.9%

64.3%

19.8%
15.9%
35.7%

100.0%

Odds Ratio
IV, Fixed, 95% CI

0.78 [0.46 , 1.31]
1.43 [0.58 , 3.49]

5.38 [0.25 , 117.24]
0.94 [0.51 , 1.74]
1.17 [0.57 , 2.40]
1.00 [0.33 , 3.07]
0.98 [0.72 , 1.34]

1.38 [0.79 , 2.41]
0.60 [0.32 , 1.13]
0.96 [0.63 , 1.45]

0.97 [0.76 , 1.25]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

Footnotes
(1) Five-fold
(2) Four-fold

 
 

Analysis 2.6.   Comparison 2: Primary outcome subgroup and sensitivity
analyses, Outcome 6: Sensitivity analysis: parallel-group studies only

Study or Subgroup

ACTRN12605000631606
FitzGerald 2004
Harrison 2004
Jackson 2018
Martinez 2011
Oborne 2009

Total (95% CI)
Total events:
Heterogeneity: Chi² = 5.39, df = 5 (P = 0.37); I² = 7%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Not applicable

Increased ICS
Events

41
12
22
38
22
18

153

Total

127
142
192
127

71
197

856

Stable ICS
Events

47
9

24
30
20
29

159

Total

124
148
198
127

72
203

872

Weight

26.4%
6.6%

17.2%
17.2%
11.2%
21.3%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.78 [0.46 , 1.31]
1.43 [0.58 , 3.50]
0.94 [0.51 , 1.74]
1.38 [0.79 , 2.41]
1.17 [0.57 , 2.40]
0.60 [0.32 , 1.13]

0.96 [0.74 , 1.24]

Odds Ratio
M-H, Fixed, 95% CI

0.05 0.2 1 5 20
Favours increased ICS Favours stable ICS
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Analysis 2.7.   Comparison 2: Primary outcome subgroup and sensitivity analyses,
Outcome 7: Sensitivity analysis: removing studies at overall high risk of bias

Study or Subgroup

ACTRN12605000631606
Harrison 2004
Jackson 2018
Martinez 2011
Oborne 2009

Total (95% CI)
Heterogeneity: Chi² = 4.59, df = 4 (P = 0.33); I² = 13%
Test for overall effect: Z = 0.55 (P = 0.58)
Test for subgroup differences: Not applicable

log[OR]

-0.2471
-0.0638
0.3225
0.1547

-0.5053

SE

0.2651
0.3142
0.2849
0.3676
0.3184

Weight

26.4%
18.8%
22.8%
13.7%
18.3%

100.0%

Odds Ratio
IV, Fixed, 95% CI

0.78 [0.46 , 1.31]
0.94 [0.51 , 1.74]
1.38 [0.79 , 2.41]
1.17 [0.57 , 2.40]
0.60 [0.32 , 1.13]

0.93 [0.71 , 1.21]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS

 
 

Analysis 2.8.   Comparison 2: Primary outcome subgroup and sensitivity
analyses, Outcome 8: Sensitivity analysis: independently funded studies only

Study or Subgroup

ACTRN12605000631606
Harrison 2004
Jackson 2018
Martinez 2011
Oborne 2009
Rice-McDonald 2005

Total (95% CI)
Heterogeneity: Chi² = 4.60, df = 5 (P = 0.47); I² = 0%
Test for overall effect: Z = 0.53 (P = 0.59)
Test for subgroup differences: Not applicable

log[OR]

-0.2471
-0.0638
0.3225
0.1547

-0.5053
0

SE

0.2651
0.3142
0.2849
0.3676
0.3184
0.5726

Weight

25.0%
17.8%
21.6%
13.0%
17.3%

5.4%

100.0%

Odds Ratio
IV, Fixed, 95% CI

0.78 [0.46 , 1.31]
0.94 [0.51 , 1.74]
1.38 [0.79 , 2.41]
1.17 [0.57 , 2.40]
0.60 [0.32 , 1.13]
1.00 [0.33 , 3.07]

0.93 [0.72 , 1.21]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours increased ICS Favours stable ICS
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A D D I T I O N A L   T A B L E S

Study ID N

ran-
domised*

N (%)
who
took
study
inhaler

Country
(N cen-
tres)

Design Age
range

% male Smok-
ing sta-
tus

Diagno-
sis by

Asthma severity
(at baseline)**

Funding Results contributed to

FitzGer-
ald 2004

290 98 (34) Canada
(4)

6-month
parallel,
DB, PC

13+ 28 86%
non-
smokers,
14% ex-
smokers
of few-
er than
10 pack-
years

Medical
records

Asthma severity:

NR

ICS dose (mean):
635 μg/d (budes-
onide)

Lung function:
mean FEV1 2.8 L,

mean PEFR 423 L/
min 

As-
traZeneca

• Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised
participants)  (Analysis
1.1)

• Treatment failure: need
for systemic corticos-
teroids (of those start-
ing inhaler) (Analysis
1.2)

• Unscheduled physician
visits (Analysis 1.3)

Foresi
2000

142 36 (25) Italy (14) 6-month
parallel,
DB, PC

18 to 65 47 70%
non-
smokers,
22% ex-
smokers,
and 8%
smokers

Medical
records

Asthma severity:
moderate 

ICS dose (range):
500 to 1000 μg/d

Duration of asth-
ma: 28% < 5 years,
22% 5 to 10 years,
50% > 10 years

Lung function:
FEV1 74%, PEFR

75%

Other: 41% taking
salmeterol (LABA),
17% theophylline

Astra
Farma-
ceutici

• Serious and non-se-
rious adverse events
(Analysis 1.5)

Garrett
1998

28 18 (64) New
Zealand
(1)

6-month
cross-
over, DB,
PC

6 to 14 68 NR (pae-
diatric
trial)

NR Asthma severity:
mild to moderate 

New
Zealand
Asthma
Society

• Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised

Table 1.   Summary of study characteristics 
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ICS dose (range):
not exceeding 800
μg/d

Lung function:
FEV1 99% predict-

ed, PEFR 100% pre-
dicted

participants) (Analysis
1.1)

• Treatment failure: need
for systemic corticos-
teroids (of those start-
ing inhaler) (Analysis
1.2)

• Unscheduled acute
care, ED visit, or hospi-
tal admission (Analysis
1.4)

Harrison
2004

390 207 (53) UK (1) 1-year
parallel,
DB, PC

16+ 33 61%
non-
smokers,
36% ex-
smokers,
and 3%
smokers

Medical
records

Asthma severity:
NR

ICS dose (mean):
710 μg/d

Lung function:
FEV1 2.4 L/80%;

PEF 384 L/min 

Other: symptom
score (range 0 to 7):
0.5, 35% on LABA

Nation-
al Health
Service
Execu-
tive

• Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised
participants) (Analysis
1.1)

• Treatment failure: need
for systemic corticos-
teroids (of those start-
ing inhaler) (Analysis
1.2)

• Unscheduled physician
visits (Analysis 1.3)

• Duration of exacerba-
tion (Analysis 1.6)

Jackson
2018
 

254 168 (66)  USA (17) 48-week
parallel,
DB

5 to 11 64 38% had
tobacco
smoke
expo-
sure.

Physi-
cian 

Asthma severity:
mild to moderate

ICS dose: NR

Markers of inflam-
mation: blood
eosinophil count

346.4 cells/mm3 

Other: 11.8% no
previous controller
therapy at enrol-
ment (71.3% and
16.9% had Step
2 and Step 3 con-
troller therapy, re-

NHLBI
 

• Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised
participants) (Analysis
1.1)

• Unscheduled acute
care, ED visit, or hospi-
tal admission (Analysis
1.4)

Table 1.   Summary of study characteristics  (Continued)
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spectively). In pre-
vious year, mean
1.7 systemic glu-
cocorticoid cours-
es (SD 0.9); mean
urgent care or ED
visits 2.0 (SD 1.7);
12.2% with hospi-
tal admissions

Martinez
2011

143 143 (100) USA (5) 44-week
parallel,
DB, PC

6 to 18 57 NR Medical
records

Asthma severity:
mild

ICS dose (mean):
NR (≤ 160 μg daily
equivalent)

Lung function:
mean FEV1 (pre-

BD): 101.5 (11.7)
active, 100.1 (10.8)
control; mean PE-
FR: 321.0 (113.1)
active, 301.8
(125.9) control

Other: 5% on LA-
BA, recent admis-
sion, or OCS; in
the previous year,
82% had taken
ICS, 10% had tak-
en a leukotriene
inhibitor, 1% had
taken salmeterol,
and none had tak-
en theophylline or
sodium cromogly-
cate

NHLBI • Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised
participants) (Analysis
1.1)

• Treatment failure: need
for systemic corticos-
teroids (of those start-
ing inhaler) (Analysis
1.2)

• Unscheduled acute
care, ED visit, or hospi-
tal admission (Analysis
1.4)

• Serious and non-se-
rious adverse events
(Analysis 1.5)

Oborne
2009

403 94 (23) UK (1) 1-year
parallel,
DB, PC

16+ 32 69%
nev-
er-smok-
ers, 21%
ex-smok-
ers, and

Medical
records

Asthma severity:
NR

ICS dose (mean):
520 μg 

Asthma
UK

• Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised
participants) (Analysis
1.1)

Table 1.   Summary of study characteristics  (Continued)
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10%
smokers

Lung function:
FEV1 2.2 L or 82%

predicted, PEFR
380 L/min

• Treatment failure: need
for systemic corticos-
teroids (of those start-
ing inhaler) (Analysis
1.2)

• Serious and non-se-
rious adverse events
(Analysis 1.5)

Rice-Mc-
Donald
2005

22 18 (82) Australia
(1)

Cross-
over un-
til exac-
erbation
in each
phase

18+ 41 NR Physi-
cian

Asthma severity:
mild and moderate

ICS dose: NR

Lung function:
FEV1 73% predict-

ed

 

Asthma
Founda-
tion of
Queens-
land

• Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised
participants) (Analysis
1.1)

• Treatment failure: need
for systemic corticos-
teroids (of those start-
ing inhaler) (Analysis
1.2)

AC-
TRN12605000631606

251 187 (75) Australia
(8)

1-year
parallel,
PC

3 to 14 60 NR Physi-
cian

Asthma severity:
NR

ICS dose: mini-
mum 125 μg fluti-
casone/d; 27% on
500 μg/d ICS and
9% on > 500 μg/d
ICS

Other: previous
12 months, 52%
admitted to ED,
28% had used OCS
once, 37% twice,
and 35% 3 times

Asthma
Founda-
tion of
Queens-
land

• Treatment failure: need
for systemic corticos-
teroids (primary out-
come, all randomised
participants) (Analysis
1.1)

• Treatment failure: need
for systemic corticos-
teroids (of those start-
ing inhaler) (Analysis
1.2)

• Unscheduled physician
visits (Analysis 1.3)

• Unscheduled acute
care, ED visit, or hospi-
tal admission (Analysis
1.4)

• Serious and non-se-
rious adverse events
(Analysis 1.5)

Table 1.   Summary of study characteristics  (Continued)
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Abbreviations: DB: double-blind,  ED: emergency department, FEV1: forced expiratory volume in one second, ICS: inhaled corticosteroids, ID: identifier, LABA: long-acting beta-

agonist, N: number, NHLBI: National Heart, Lung and Blood Institute, NR: not reported, OCS: oral corticosteroids, PC: placebo controlled, PEF: peak expiratory flow, PEFR: peak
expiratory flow rate; pre-BD: pre-bronchodilator; SD: standard deviation.
*The number randomised to the groups relevant to this review.
**See Characteristics of included studies for study inclusion and exclusion criteria.
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Study ID Maintenance
ICS

Exacerbation
inhaler

Study treatment
details

Action plan activation Action plan com-
pliance

FitzGerald
2004

Budesonide
100, 200, or
400 μg twice
daily

(mean 635 μg/
d BDP)

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:
budesonide
100, 200, or
400 μg to dou-
ble dose

Control:
placebo

Home setting; in-
tervention admin-
istered by partic-
ipants; measure-
ments, symptoms,
and inhaler use
recorded in an elec-
tronic diary morn-
ing and night of
each day

Exacerbation defined as a com-
bination of 2 of the following on
2 consecutive days: PEF ≤ 80%
mean baseline morning value (or
2 consecutive mornings); bron-
chodilator ≥ 4 inhalations/day;
nocturnal awakenings; total asth-
ma symptom score ≥ 3  (com-
bines chest tightness, breathless-
ness, coughing and wheezing);
inability to go to school or work;
or unscheduled physician visit.

 

Electronic diary alerted partici-
pants of an exacerbation depend-
ing on the data entered; at this
point, the participant alerted a
study nurse or practitioner to
confirm that they needed to take
the intervention inhaler. Partic-
ipants used study inhaler for 14
days. 3-month surveillance peri-
od monitored participants once
they were stable again. 

Monthly check-up
visit independent
of exacerbation sta-
tus ensured none
where missed and
to check compli-
ance; all visits en-
couraged compli-
ance.

 

Compliance was  >
97% for the total
randomised pop-
ulation, 99% and
97% in the control
and intervention
groups, respective-
ly, after an exacer-
bation.

Foresi 2000 Budesonide
100 μg twice
daily (200 μg)

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:
budesonide
200 μg 4 times
daily to add
800 μg

Control:
placebo

Home setting; in-
tervention admin-
istered by partici-
pants; participants
kept daily record of
respiratory symp-
toms (wheeze,
cough, chest tight-
ness, and shortness
of breath), number
of asthmatic exac-
erbations, morning
and evening PEF
values, and daily
use of additional
treatments

Exacerbation defined as a fall in
PEF < 70% baseline on 2 consecu-
tive days.

 

Following an exacerbation, par-
ticipants used study inhaler for
7 days. If PEF remains < 70% for
2 additional consecutive days,
participants administered oral
steroids.

Monthly check-up
visit independent of
exacerbation status
assessed diaries.

 

Compliance was
between 75% and
94% in 18% of par-
ticipants and > 95%
in 80% of partici-
pants. 2% of partic-
ipants took < 75%
of their scheduled
doses.

Garrett 1998 Beclometha-
sone < 800 μg/
d

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:

beclometha-
sone < 800 μg/
d

Home setting; in-
tervention admin-
istered by partic-
ipants and par-
ents; participants
kept daily diaries
of morning and
evening PEFR,
cough and wheeze
symptom scores,
daily activities,
medication use,

Exacerbation defined as 1 of: PE-
FR > 80% of baseline for 24 hours
or more, woken at night with a
cough or wheeze, or bronchodila-
tor requirement doubled. 

 

Following an exacerbation, child
used the study inhaler in addition
to their maintenance inhaler for
3 days and was visited at home.

No details on how
compliance was
monitored report-
ed.

 

For the 2-week pe-
riod after an exac-
erbation, mean di-
ary completion rate
was 95%. 86% of

Table 2.   Treatment format 
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Control:
placebo

and presence of up-
per respiratory tract
infection or other
illnesses. Diary was
used to calculate
baseline.

 

Each child received
a 3-zone asthma ac-
tion plan: green (>
80% baseline PEFR
and no other symp-
toms); orange (ex-
acerbation criteria
as described); and
red (> 60% baseline
PEFR).

Symptom review 1 week after ex-
acerbation in paediatric outpa-
tient department

 

Parents recorded an opinion
score of the effectiveness of the
study inhaler on a visual ana-
logue scale that ranged from −3
(made asthma worse) through to
+3 (made asthma better). 

participants who
had an exacerba-
tion followed the
protocol correctly. 

Harrison 2004 Usual ICS
dose

(mean 710 μg/
d BDP)

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:
matching ICS
inhaler to
double dose 

Control:
placebo

Home setting; in-
tervention admin-
istered by partic-
ipants; partici-
pants kept daily di-
aries and recorded
morning peak flow
and daytime symp-
toms scores

Exacerbation defined as fall of
morning peak flow by 15% or dai-
ly symptom score increased by 1
from mean peak flow and median
symptom score from run-in. 

 

Following an exacerbation, the
study inhaler was used for 14
days in addition to the mainte-
nance inhaler. Participants con-
tinued to record morning peak
flow and daytime symptoms
scores for 28 days.

The importance of
following study in-
structions was em-
phasised at each
visit, but no details
on how compliance
was monitored.

Jackson 2018
 

Fluticasone 88
μg twice daily

Mainte-
nance inhaler
stopped and
study inhaler
started.

Intervention:
fluticasone
440 μg twice
daily

Control: fluti-
casone 88 μg
twice daily

Home setting; in-
tervention admin-
istered by partici-
pants and parents;
participants kept
daily electronic
diaries (complet-
ed nightly) of dai-
ly symptoms and
medication use. No
electronic link be-
tween inhaler and
diary. Participants
provided with ac-
tion plan to start
study inhaler even
if no electronic di-
ary alert (to prevent
delays). Peak ex-
piratory flow ob-
tained nightly, with
participants blind-
ed to results.

Exacerbation defined by 1 of: 4
inhalations of rescue albuterol in
6 hours, 6 inhalations of rescue
albuterol in 24 hours, or 1 awak-
ening in the night due to asthma
treated with albuterol. 

 

Following an exacerbation, the
study inhaler was used for 7 days
(maintenance inhaler stopped).

4-week run-in es-
tablished adher-
ence of more than
75% to the medica-
tion and electronic
diary completion.

 

Electronic diaries
were completed
73% and 72% of
days by the inter-
vention and control
group, respective-
ly. Adherence to the
daily therapy with
ICS was reported on
98% of the days in
both groups. 

Table 2.   Treatment format  (Continued)

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

60



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Martinez 2011 Beclometha-
sone 40 μg
twice daily

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:
beclometha-
sone 40 μg
twice daily to
double dose

Control:
placebo

Home setting; in-
tervention admin-
istered by partici-
pants and parents;
participants kept
daily diaries of peak
flow, medications
(electronic moni-
toring)

Exacerbations defined as 1 of:
use of < 12 puIs of albuterol in 24
h (excluding preventive use be-
fore exercise), a peak expiratory
flow of less than 70% of consecu-
tive days, a peak expiratory flow
of less than 50% of reference val-
ue despite relief treatment, or an
emergency room visit because of
worsening of asthma symptoms.

 

Following an exacerbation, study
inhaler was taken until symp-
toms returned to baseline.

Run-in period es-
tablished adher-
ence of more than
75% to the medica-
tion and diary com-
pletion.

 

4- to 8-weekly
check-up visits in-
dependent of ex-
acerbation status
checked compli-
ance with diaries.

Oborne 2009 Usual ICS
dose

(mean 520 μg/
d BDP)

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:
matching ICS
inhaler to
double dose 

Control:
placebo

Home setting; in-
tervention admin-
istered by partici-
pants and parents;
participants on-
ly recorded symp-
toms (including
morning PEF) if
their asthma deteri-
orated or if they de-
veloped symptoms
of an upper respira-
tory tract infection

Exacerbations defined as 1 of:
PEF fell by ≥ 15% on 2 consecu-
tive days, or 30% on 1 day.

 

Following an exacerbation, the
study inhaler was used for 7
days in addition to the mainte-
nance inhaler, and a daily diary of
morning PEF kept. Study inhaler
taken for a further 7 days if morn-
ing PEF had not returned to base-
line. Participants contacted re-
search team after using the study
inhaler to submit completed di-
ary and to obtain replacements.

Reports that due to
the pragmatic trial
design they accept-
ed variable com-
pliance (no details
about how com-
pliance was moni-
tored reported)

Rice-McDon-
ald 2005

Usual fluti-
casone dose
(range not
specified)

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:
matching ICS
inhaler to
double dose

Control:
placebo

Home setting; in-
tervention admin-
istered by partic-
ipants and par-
ents; participants
kept daily diaries of
symptoms and
medication, and
PEF were recorded
electronically

Asthma exacerbation was de-
fined as: nocturnal awakening for
2 out of any 3 nights due to asth-
ma, or requiring reliever medica-
tion on 4 occasions more than
baseline requirements in any 24-
hour period, or symptoms due to
asthma necessitating cessation
of usual activities of daily living,
or decrease in PEF to less than
80% of run-in morning pre-bron-
chodilator best on 2 occasions in
any 24-hour period or on 2 days
out of any 3-day period.

 

Following an exacerbation, the
study inhaler was used for 14
days in addition to the mainte-
nance inhaler.

2- to 4-week run-in
ensured that partic-
ipants did not pro-
vide erroneous or
falsified diary en-
tries (those who did
were excluded). 5
participants were
excluded due to in-
adequate compli-
ance.

 

Compliance was
monitored by
symptom and med-
ication diaries,
downloading PEF
recordings from
electronic diaries,
and counting com-
pleted/returned
treatments packs.
However, compli-

Table 2.   Treatment format  (Continued)
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ance data were not
reported.

 

Participants con-
tacted fortnightly
by research nurse
and reviewed by a
study investigator
every 8 weeks.

AC-
TRN12605000631606

Fluticasone
125 μg/d, or
usual higher
dose

Additional in-
haler used
with the main-
tenance in-
haler.

Intervention:
matching flu-
ticasone to
double dose
for 14 days

Control:
placebo

Home setting; in-
tervention admin-
istered by partic-
ipants and par-
ents; during exac-
erbations, partici-
pants kept daily di-
aries of symptoms
and peak flow 

Exacerbation confirmed by par-
ticipants ringing study team at
first sign of URTI or change in
asthma symptoms.

 

Following an exacerbation, the
study inhaler was used in addi-
tion to the maintenance inhaler
until return to baseline. Called
weekly by study nurse

Routine check-
in visits occurred
every 3 months or
2 weeks after every
exacerbation. 

 

No other details
about compliance
reported.

Table 2.   Treatment format  (Continued)

Abbreviations: BDP: beclomethasone dipropionate, ICS: inhaled corticosteroids, ID: identifier, PEF(R) = peak expiratory flow (rate), URTI:
upper respiratory tract infection.
 

 

A P P E N D I C E S

Appendix 1. Search strategy for the previous version of this review

All records in the Specialised Register coded as ‘asthma’ were searched using the following terms:

(exacerbat* OR acute* or status* or severe* OR worsen* OR emergenc* OR attack* or crisis) and (dose* or dosing or dosage) and (doubl* or
increas*) OR "dose response" or "drug dose") and (glucocorticoid* OR corticosteroid* OR "inhaled steroid*" OR fluticasone OR Flovent OR
beclomethasone OR Becloforte OR budesonide OR Pulmicort OR flunisolide OR Aerobid OR triamcinolone OR Beclovent OR Azmacort OR
Vanceril OR Becotide OR Flixotide OR Aerobec OR Mometasone OR Qvar or ciclesonide or Alvesco)

Appendix 2. Sources and search methods for the Cochrane Airways Group Specialised Register (CAGR)

Electronic searches: core databases

 

Database Frequency of search

CENTRAL Monthly

MEDLINE (Ovid) Weekly

EMBASE (Ovid) Weekly

PsycINFO (Ovid) Monthly

CINAHL (EBSCO) Monthly

 

Increased versus stable doses of inhaled corticosteroids for exacerbations of chronic asthma in adults and children (Review)
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AMED (EBSCO) Monthly

  (Continued)

 
Handsearches: core respiratory conference abstracts

 

Conference Years searched

American Academy of Allergy, Asthma and Immunology (AAAAI) 2001 onwards

American Thoracic Society (ATS) 2001 onwards

Asia Pacific Society of Respirology (APSR) 2004 onwards

British Thoracic Society Winter Meeting (BTS) 2000 onwards

Chest Meeting 2003 onwards

European Respiratory Society (ERS) 1992, 1994, 2000 onwards

International Primary Care Respiratory Group Congress (IPCRG) 2002 onwards

Thoracic Society of Australia and New Zealand (TSANZ) 1999 onwards

 

 
Asthma search

1. exp Asthma/

2. asthma$.mp.

3. (antiasthma$ or anti-asthma$).mp.

4. Respiratory Sounds/

5. wheez$.mp.

6. Bronchial Spasm/

7. bronchospas$.mp.

8. (bronch$ adj3 spasm$).mp.

9. bronchoconstrict$.mp.

10. exp Bronchoconstriction/

11. (bronch$ adj3 constrict$).mp.

12. Bronchial Hyperreactivity/

13. Respiratory Hypersensitivity/

14. ((bronchial$ or respiratory or airway$ or lung$) adj3 (hypersensitiv$ or hyperreactiv$ or allerg$ or insuIiciency)).mp.

15. ((dust or mite$) adj3 (allerg$ or hypersensitiv$)).mp.

16. or/1-15
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Filter to identify RCTs

1. exp "clinical trial [publication type]"/

2. (randomized or randomised).ab,ti.

3. placebo.ab,ti.

4. dt.fs.

5. randomly.ab,ti.

6. trial.ab,ti.

7. groups.ab,ti.

8. or/1-7

9. Animals/

10. Humans/

11. 9 not (9 and 10)

12. 8 not 11

The MEDLINE strategy and RCT filter are adapted to identify trials in other electronic databases.

Appendix 3. Search strategy to identify relevant trials from the CAGR

#1 AST:MISC1

#2 MeSH DESCRIPTOR Asthma Explode All

#3 asthma*:ti,ab

#4 #1 or #2 or #3

#5 MeSH DESCRIPTOR Adrenal Cortex Hormones Explode All

#6 ICS:TI,AB

#7 (beclomethasone* or beclometasone* OR triamcinolone* OR fluticasone* OR budesonide* OR betamethasone* OR flunisolide* OR
ciclesonide* OR mometasone*)

#8 (inhal*) NEAR5 (steroid* or corticosteroid* or glucocorticoid*)

#9 #5 or #6 or #7 or #8

#10 MeSH DESCRIPTOR Dose-Response Relationship, Drug

#11 (dose* or dosing or dosage) AND (doubl* or increas*)

#12 step-up* OR (step* NEXT up*)

#13 dose* NEXT reponse*

#14 drug* NEXT dose*

#15 #10 or #11 or #12 or #13 or #14

#16 MeSH DESCRIPTOR Disease Progression

#17 exacerbat* OR acute* or status* or severe* OR worsen* OR emergenc* OR attack* or crisis

#18 #16 or #17

#19 #4 AND #9 AND #15 AND #18
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[Note: in search line #1, MISC1 denotes the field in the record where the reference has been coded for condition, in this case, asthma]

Appendix 4. Additional searches (6 September 2021)

 

Source Terms and limits Hits

WHO International Clin-
ical Trials Registry Plat-
form

Condition: Asthma exacerbation, date of registration from 1 March 2016 to
present (any recruitment status, sponsor, location ).

Condition: Asthma, Intervention: inhaled corticosteroids, date of registration
from 1 March 2016 to present (any recruitment status, sponsor, location ).

40

 

18

AstraZeneca clinical tri-
als

Terms: Asthma exacerbation, Phases 3 or 4, Therapeutic area: respiratory
(any recruitment status, sponsor, location or product).

14

GlaxoSmithKline study
register

Terms: asthma exacerbation, medical condition: asthma, Phases 3 or 4, study
type: interventional (any recruitment status, phase, age, sex)

99

OpenGrey Terms: asthma exacerbation 20

New York Academy of
Medicine Grey Literature
Report 

Terms: asthma exacerbation 4

 

 

F E E D B A C K

feedback, October 2010

Summary

The abstract and document appear to mix up use of mg and mcg throughout the document. I assume the units should be mcg throughout
but mg is used widely, particularly in the abstract. This could potentially lead to significant error and risk to patient safety. Could you
confirm whether these are errors?

Reply

We are very grateful to the author for highlighting the typo in the review, along with others who pointed this out. We have corrected the
typo and apologise for any confusion caused.

Contributors

Vanessa Chapman

W H A T ' S   N E W

 

Date Event Description

20 December 2021 New search has been performed New literature search run.

20 December 2021 New citation required and conclusions
have changed

One new study added, methods updated to use the revised risk
of bias tool for RCTs, including reapplication of GRADE for all out-
comes.

 

H I S T O R Y

Protocol first published: Issue 1, 2009
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Review first published: Issue 10, 2010

 

Date Event Description

8 June 2016 New search has been performed Three new studies including 419 additional participants were
included in this review update (Martinez 2011; Rice-McDonald
2005; ACTRN12605000631606).

8 June 2016 New citation required but conclusions
have not changed

Although we included additional data in this review, the original
conclusions remain unchanged.

8 November 2010 New citation required but conclusions
have not changed

Feedback has triggered a new citation version.

8 November 2010 Feedback has been incorporated We received feedback and corrected several typos by which mcg
was confused with mg.

 

C O N T R I B U T I O N S   O F   A U T H O R S

KK: co-lead for the 2016 and 2022 updates (siR and study selection, data extraction, analysis, risk of bias and GRADE assessment, write-up).

EF: co-lead for the 2022 update (siR and study selection, data extraction, analysis, risk of bias and GRADE assessment, write-up).

BSQ: study assessment, data extraction, and write-up of first review version (2010). Critical appraisal of 2016 and 2022 updates (clinical
input for inclusion decisions, contributing to write-up, reviewing manuscript).

CL: critical appraisal of the 2022 update (clinical input for inclusion decisions, contributing to write-up, reviewing manuscript).

Contributions of editorial team

Sally Spencer (Co-ordinating Editor) edited the review; advised on methodology, interpretation, and content; approved the review prior
to publication.

Iain Crossingham (Contact Editor): edited the review; advised on methodology, interpretation, and content.

Rebecca Fortescue (Co-ordinating Editor): checked the data entry prior to write-up.

Emma Dennett (Deputy Co-ordinating Editor): advised on methodology, interpretation and content; edited the review.

Emma Jackson (Managing Editor): co-ordinated the editorial process; conducted peer review; edited the review and references.

Elizabeth Stovold (Information Specialist): designed the search strategy; ran the searches; edited the Search methods section of the review.

D E C L A R A T I O N S   O F   I N T E R E S T

Kayleigh Kew: former employee of the Cochrane Central Executive Team (2020 to 2021), during which time most of the work for the update
was completed, and former employee of the Cochrane Airways editorial team (2012 to 2016). No commercial or non-commercial conflicts
of interest relevant to this review.

Ella Flemyng: employee of the Cochrane Central Executive Team. No commercial or non-commercial conflicts of interest relevant to this
review.

Bradley Quon: none known

Clarus Leung: none known
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Not applicable

External sources

• National Institute for Health and Care Research, UK

This project was supported by the National Institute for Health and Care Research, via Cochrane Infrastructure, Cochrane Programme
Grant or Cochrane Incentive funding to the Airways Group.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The protocol for this review was initially written and published in 2009, and so some methods have been updated to reflect current
guidance. In the current version, we reassessed all studies with the revised Cochrane risk of bias tool for randomised controlled trials (RoB
2) (Higgins 2016; Sterne 2019), and the extension for cross-over trials. In line with guidance for the revised tool, we elaborated the methods
for presenting results and investigating the impact of bias with sensitivity analyses (excluding studies at overall high risk of bias). We also
updated the tools used to siR search results, extract data, and conduct analyses to online versions of Covidence and Review Manager Web
(Covidence; RevMan Web 2022), and have made the underlying data available for scrutiny and reuse via Figshare (Supplementary file 1;
Supplementary file 2).

DiIerences between the protocol and previous versions that have been carried forward in this update include:

• changing the original primary outcome of treatment failure (need for oral corticosteroids) in participants who required the study inhaler
to a secondary outcome. Though of interest, this definition is a 'modified intention-to-treat' population or 'conditional' outcome which
breaks randomisation, and its reliability and risk of bias are impacted by the absolute and relative number of participants initiating the
study inhaler in each group;

• assessing the primary outcome of treatment failure (need for oral corticosteroids) within all randomised participants, to capture the
eIect of being randomised to follow the exacerbation strategy regardless of how many participants had an exacerbation in each group
during the study period;

• defaulting to the use of frequency data from primary studies for exacerbations and treatment failures (number of participants as the
unit of analysis) instead of event rates (events as the unit of analysis per person-years);

• defaulting to a fixed-eIect model for synthesis and performing a sensitivity analysis using a random-eIects model if there was notable
heterogeneity in the meta-analysis;

• pooling parallel and cross-over studies where the primary study reported adjusted data or suitable data from the first period, or where
we had access to 2 x 2 data to adjust for period eIects, which was done by applying a formula to account for intercorrelation of matched
pairs (Elbourne 2002);

• using Peto odds ratios instead of Mantel-Haenzel methods where there were very few events in a meta-analysis;

• assessing magnitude of inhaled corticosteroids dose increase (two-fold versus four-fold) as a subgroup analysis;

• performing all subgroup analyses on the intention-to-treat primary outcome instead of the treated-population conditional outcome
that was previously the primary outcome;

• being explicit about the criteria for removing studies in planned and post hoc sensitivity analyses, and the categories for subgroups;

• extending the definition of serious adverse events in the list of outcomes to include prolongation of hospitalisation or disability as the
standard definition. We also noted in the analysis whether definitions used within studies diIered;

• extending the definition of exacerbations to include a set of criteria predefined in the included studies, because guidelines were not
always cited but it was clear that a list of criteria had to be met before the study medication could be initiated.

Important note: For some studies, the number of treatment failures was only reported for those who started their study inhaler, or it was
not clear how many participants were analysed and under what criteria treatment failures were counted. The only way to include these
studies in the redefined primary analysis based on the full randomised population was to make assumptions about the data and use the
reported number of treatment failures with the denominator for the full randomised population. This assumes that no participants who did
not need their inhaler failed treatment and required oral steroids. The potential impact of making this assumption is dealt with explicitly
in the review through the risk of bias assessment and reporting, and with sensitivity analyses using instead the number taking their study
inhaler as the denominator.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Adrenal Cortex Hormones  [therapeutic use];  *Anti-Asthmatic Agents;  *Asthma  [drug therapy];  Hospitalization;  Nebulizers and
Vaporizers;  Randomized Controlled Trials as Topic
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MeSH check words

Adolescent; Adult; Child; Humans
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