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Abstract

Background: Asthma guidelines suggest reducing controller medications when

asthma is stable.

Methods: The purpose of the study is to estimate the risk of asthma exacerbation

in stable asthmatics who reduce inhaled corticosteroids (ICS) compared to those

who maintain a stable ICS dose. We identified articles from a systematic review

of English and non-English articles using MEDLINE, EMBASE, Web of Science,

and CENTRAL (inception to May 25, 2013). We included randomized controlled

trials (RCTs) with a stable asthma run-in period of 4 weeks or more, an interven-

tion to reduce ICS, and a follow-up period of at least 3 months.

Results: The search strategy identified 2253 potential articles, of which 206 were

reviewed at the full-text level and 6 met criteria for inclusion. The relative risk of

an asthma exacerbation in individuals who reduced ICS compared to those who

maintained the same ICS dose was 1.25 (95% CI 0.96, 1.62; P = 0.10; I2 = 0%)

in studies with a mean follow-up of 22 weeks. Individuals who reduced ICS had

a decreased% predicted FEV1 of 0.87% (95% CI �1.58%,3.33%; P = 0.49,

I2 = 58%) and a decreased mean morning peak expiratory flow of 9.57 l/min

(95% CI 1.25, 17.90; P = 0.02; I2 = 74%) compared to those individuals who

maintained a stable ICS dose.

Conclusions: Asthma exacerbations were statistically no more likely among indi-

viduals who reduced ICS compared to those who maintained their ICS dose, sup-

porting current guidelines which recommend decreasing ICS by 50% after a

period of asthma stability.

Asthma is one of the most common chronic diseases in the

United States; nearly 14 million individuals are estimated to

have an asthma attack each year (1). The National Asthma

Education and Prevention Program’s Expert Panel Report

(EPR-3) published in 2007 includes a recommendation to

consider stepping down asthma medications when asthma is

stable for 3 months, specifically suggesting a decrease of 25–
50% in inhaled corticosteroid (ICS) dose (2). Authors of the

Global Initiative for Asthma (GINA) guidelines similarly

suggest a decrease in ICS by 50% if asthma is stable for

3 months (3). Both the EPR-3 and GINA recommendations

for stepping down asthma medications are based on panel

consensus expert opinion rather than high-level evidence (2,

3). Consequently, there is a need for better evidence to

understand the risks and benefits of stepping down asthma

medications in stable asthmatics.

Individuals and their healthcare providers must weigh

the potential risks and benefits of stepping down asthma

Abbreviations

EPR-3, Expert Panel Report-3; FEV1, forced expiratory volume in

first second; GINA, Global Initiative for Asthma; ICS, inhaled

corticosteroid; LABA, long-acting b-agonist; PEF, peak expiratory

flow; RCT, randomized controlled trial.
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medication. Stepping down asthma medications may benefit

individuals by limiting side-effects, reducing treatment bur-

den, and saving on medication costs. These potential benefits

are incompletely defined; however, recent research has rein-

forced the overall goal of using the least amount of medicine

that controls symptoms and the risk of exacerbations (4). On

the other hand, stepping down asthma medications may

increase exacerbation risk or lead to loss of symptom control.

Two previous systematic review and meta-analyses have

addressed specific asthma medication step-down strategies

and the risk they pose: stopping low-dose ICS (5) and going

from combination treatment with ICS and long-acting b-ago-
nist (LABA) to ICS alone (6). Reducing ICS is another com-

monly employed asthma step-down method that has not yet

been subject to systematic review. The primary goal of this

systematic review and meta-analysis is to evaluate the risk of

asthma exacerbation after reducing ICS compared to main-

taining a stable dose of ICS in individuals with stable asthma

as measured in randomized controlled trials (RCTs). The sec-

ondary goal is to evaluate forced expiratory volume in the

first second (FEV1), morning peak expiratory flow (PEF),

asthma symptoms, and asthma-specific quality of life in indi-

viduals who reduce ICS compared to those who maintain a

stable dose ICS in RCTs.

Methods

Data sources and searches

This systematic review and meta-analysis is consistent with

the elements of the 27-item PRISMA statement checklist (7).

We performed a search to identify RCTs with the study

intervention of reducing or maintaining a stable dose of ICS.

The search was assisted by an expert medical librarian (PJE).

We included studies that had 4 or more weeks of a run-in

period on a stable dose of ICS to ensure a minimum period

of asthma stability while part of the trial. We included stud-

ies with a period of 3 or more months following randomiza-

tion to allow a reasonable time period for an asthma

exacerbation to occur, which was the primary outcome we

considered in our analysis. Using a 3-month follow-up period

is supported by findings from one of the included studies

with longer follow periods demonstrating that the majority

of exacerbation events occurred in the first 3 months (8).

There were no age restrictions. We excluded studies when the

ICS was reduced, but another asthma controller was started

in its place (e.g., LABA or leukotriene receptor antagonist).

We excluded studies when the ICS was stopped altogether

rather than reduced, as this risk estimate has been previously

reported (5).

We performed a systematic review of English and non-

English articles using Ovid MEDLINE, Ovid EMBASE,

Ovid CENTRAL, and Web of Science (inception to May 25,

2013). Search terms included anti-asthmatic agents and

numerous descriptors for reducing medications (e.g., step

down, wean, withdraw, reduce). The detailed search strategy

used for MEDLINE is detailed in Table S1. The MEDLINE

search strategy was modified to accommodate the controlled

vocabulary for EMBASE and CENTRAL. Text words were

used for Web of Science. In addition, we reviewed the refer-

ence sections of eligible studies and searched articles that had

been cited by the eligible articles using Thomson Reuters

Web of Science. We contacted several content experts and

inquired about their knowledge of any studies that were not

on our list of eligible studies or of any unpublished data per-

tinent to our research question. Finally, we searched the fol-

lowing clinical trial registries for studies: clinicaltrials.gov,

clinicaltrialregister.eu, and anzctr.org.au.

Study selection

Two reviewers working independently determined the eligibil-

ity of each of the abstracts that resulted from executing the

search strategy; the reviewers were not blinded to the author,

institution, or journal of publication. The abstract reviewers

decided if the abstract met criteria to advance to full-text

review. Full-text manuscripts were obtained unless both

reviewers determined that the abstract was ineligible for this

study. For articles that could not be obtained in full text

through the institution’s interlibrary loan process and where

disagreement existed between two reviewers about advancing

to the full-text review stage, a third reviewer assessed the

abstract for criteria to advance to the full-text review stage.

If two of the three reviewers recommended a full-text review,

additional efforts were made to obtain the full-text article.

Full-text review was also performed in duplicate; disagree-

ments about inclusion of full-text articles were harmonized

by consensus. If consensus was not reached, arbitration by

an additional content expert was arranged.

Data extraction and quality assessment

Data were extracted using a standardized form including the

number of participants enrolled in each study arm, the study

setting, ages of participants, dose and type of ICS used dur-

ing run-in, the percentage that the ICS was reduced, the

length of the run-in and follow-up periods, and the study

funding. The number of individuals with an asthma exacer-

bation, lung function (PEF and FEV1), asthma symptoms,

and asthma-specific quality of life was abstracted. Data

extraction was performed in duplicate by two independent

reviewers. Disagreements were resolved by consensus.

Attempts were also made to obtain additional study data on

the outcomes of emergency department visits and hospitaliza-

tions for asthma. Authors were contacted if data were

missing.

We assessed the following study characteristics to judge

methodological quality of the included studies: how the ran-

domization sequence was generated, how allocation was con-

cealed, whether there were important imbalances in

prognostic factors at baseline, which groups were blinded,

and how missing outcome data were reported and analyzed.

The risk of bias was assessed using the Cochrane Collabora-

tion risk of bias tool (9) by two independent reviewers. Dis-

agreements about risk of bias assessments were harmonized

by consensus.
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Data synthesis and analysis

We used a random-effects model to calculate the pooled rel-

ative risk (RR) of an individual experiencing at least one

asthma exacerbation if they reduced ICS compared to if

they continued a stable ICS dose. We selected a random-

effects model due to anticipated heterogeneity in how the

outcome of asthma exacerbation was defined. We recorded

how asthma exacerbation was defined for each included

study. We measured inconsistency using the I2 test; higher I2

scores suggest greater inconsistency. We used Review Man-

ager 5.1 (Cochrane Collaboration) software to conduct the

analyses.

Results

Our initial search strategy identified 1763 articles. Using the

additional strategies of reviewing bibliographies, reviewing

lists of works cited, searching clinical trial registries, and con-

tacting experts, we identified an additional 533 unique cita-

tions. Of these 2253 citations, 206 met criteria for full-text

review. Of the 206 full-text citations considered, 6 met crite-

ria for inclusion (8, 10–14). The PRISMA template (7) for

study selection is displayed in Fig. 1.

Select characteristics of the included studies are displayed

in Table 1. Numbers of participants ranged from 14 to 259,

with an average number of 148 participants per study. Two

of the studies were performed in the United States, 1 in Can-

ada, and 3 in Europe. Starting ICS dose varied between stud-

ies. The dose of ICS was reduced by 50% in 4 of the studies,

by 76% in one study, and by 85% in the remaining study.

Funding sources were mixed between government and phar-

maceutical companies.

The definitions of asthma exacerbations used in the

included studies are shown in Table 2. A healthcare utiliza-

tion definition was used in all included studies; urgent visits,

systemic corticosteroid, and increase use of rescue bronchodi-

lators were the different asthma exacerbation criteria

described. A decrease in PEF was used as a criterion for 3 of

the included studies, and symptom-based criteria were used

in 3 of the studies.

Quality assessment

The bias assessment, using the Cochrane Risk of Bias tool

(9), found that most studies had either a low or unclear risk

of bias (see Table S2). We did not identify a high risk of bias

for any of the bias assessments of the included studies.

Figure 1 PRISMA flow diagram describing the steps of study selection (7).
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Overall analyses

Asthma exacerbations were statistically no more likely among

individuals who reduced ICS compared to those who main-

tained their ICS dose 1.25 (95% CI 0.96, 1.62; P = 0.10;

I2 = 0%; Fig. 2A). The pooled absolute risk difference for an

asthma exacerbation was 0.02 (95% CI, �0.02, 0.07;

P = 0.30; I2 = 0%), with an event rate of 0.17 for individuals

continuing ICS and 0.21 for those who discontinued ICS

based on an average study length of 22 weeks.

Results for secondary outcomes of FEV1, morning PEF,

and asthma symptoms are shown in Fig. 2B–E. Individuals

who reduced ICS had a mean decreased FEV1% predicted of

0.87% (95% CI �1.58%,3.33%; P = 0.49, I2 = 58%) and a

mean decreased morning PEF of 9.57 l/min (95% CI 1.25,

17.90; P = 0.02; I2 = 74%). The standardized mean increase

in asthma symptoms among those who reduced ICS was 0.01

(95% CI, �0.26, 0.28; P = 0.93; I2 = 70%), and the mean

difference in asthma-specific quality of life was �0.05 (95%

CI �0.30, 0.21; P = 0.73; I2 = 38%).

To better assess the severity of asthma exacerbations

within the selected studies, we considered whether individuals

had emergency department or hospitalizations associated

with asthma during the study periods. For 4 of the studies,

no emergency department or hospitalizations were reported.

In Hawkins et al. (13), there were 2 emergency department

visits and 4 hospitalizations reported in the reduced group

and 1 emergency department visit and 1 hospitalization in

the stable ICS group. In Papi et al. (14), there were 3 severe

exacerbations in the stable ICS group and none in the

reduced group.

Discussion

Herein, we report a systematic review and meta-analysis of

RCTs with the intervention of reducing ICS dose vs contin-

uing a stable ICS dose. This is a common method of stepping

down asthma medication with a poorly defined risk estimate.

We were able to identify 6 studies that addressed this ques-

tion and were unable to demonstrate an increased risk of

asthma exacerbation in individuals who reduced ICS com-

pared to those who maintained a stable dose. We found a

statistically significant decrease in PEF in those who reduced

ICS vs those who maintained a stable ICS dose, although the

magnitude of this difference has questionable clinical rele-

vance.

Compared to previous meta-analyses of asthma medication

step-down risks, we found more (6) (n = 5) or fewer (5)

(n = 7) studies to answer our research question. Despite iden-

tifying only 6 RCTs, however, we can have some reassurance

that the relative risk of asthma exacerbation is likely lower

than that for discontinuing ICS altogether. In addition, we

only found evidence of severe exacerbations in 2 of the stud-

ies. Reducing ICS dose is the option for stepping down

asthma medication that has the lowest risk of subsequent

asthma exacerbation of the step-down choices studied in

meta-analysis to date. Additional trials are needed to increase

confidence in these estimates and strengthen our preliminary
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findings that reducing ICS is a favorable option for stepping

down asthma medication.

We identified several limitations to this systematic review

and meta-analysis. First, two of the selected studies (8, 14)

had an intervention that used on-demand ICS as decided by

patients in the reduce ICS group, which is different than a

fixed dose reduction in the other 4 studies (including one of

the studies that used a combined ICS-SABA inhaler). Despite

this difference, we did not see significant heterogeneity for

the main outcome measure (I2 = 0% for asthma exacerba-

tions). We performed a sensitivity analysis without these 2

studies and found similar results (RR=1.28, 95% CI 0.93,

1.76, P = 0.14, I2 = 0%). Stepping down to on-demand ICS

is a promising approach that requires replication in addi-

tional trials (15). Second, we selected studies that included

individuals who were stable on ICS for at least 4 weeks,

whereas consensus expert opinion suggests at least 3 months

(or 12 months) of stability prior to consideration of stepping

down (2, 3). The length and seasonal timing of asthma stabil-

ity may be an important factor in predicting successful

asthma step down. We recommend that future studies enroll

individuals for a run-in of at least 3–12 months to ensure

asthma stability prior to the tested intervention. Third,

asthma exacerbation was defined differently in each study.

We therefore used a random-effects model and noted these

different definitions for asthma exacerbation in Table 2.

Authors attending a recent workshop have made specific rec-

ommendations for defining asthma exacerbations in trials;

such standardized outcomes should be considered for future

trials (16). In addition, we clarified ‘severe exacerbations’ as

hospitalization or emergency department visits in the identi-

fied RCTs and reported only 11 such events identified from 2

studies. Fourth, the applicability of these findings may be

limited for certain patient populations. Individuals <6 years

old were not included in any of the trials that met criteria for

this review. Three of the five RCTs were performed in North

America and the other two in Europe; risk estimates may be

different for other parts of the world. Fifth, differences

between the use of HFA products in more recent studies

compared to non-HFA products in older studies could have

influenced outcomes; however, we did not see any significant

heterogeneity for our main outcome. Sixth, we identified

studies that tested ICS dose reductions of 50–85% but did

not identify any with smaller dose reductions, such as the

25% ICS dose reduction suggested as the lower range in the

NAEPP-3 guidelines. A 25% ICS dose reduction is unlikely

to pose a higher risk of asthma exacerbation than the risk we

have estimated for a 50% or 85% dose reduction as reported

in this meta-analysis. Finally, translating knowledge of the

risks of asthma step down to clinical practice will likely

require more than simple dissemination of this information.

The current health system may be ill-equipped to help

patients step down their medicines, in that the vast majority

of visits to healthcare providers occur only when asthma

symptoms are worsening (17).

Taken together, the results of this systematic review and

meta-analysis suggest that reducing ICS may have lower risk

of subsequent asthma exacerbations than previously studied

step-down methods. These findings support the current

guidelines that suggest a 25–50% ICS dose reduction be con-

sidered after 3 months of asthma stability. Optimally, these

general practice guidelines would be tailored to an individual

patient’s anticipated asthma triggers such as upcoming

allergy or viral seasons. The overall asthma management goal

of using the least amount of medicine to control symptoms

and limit exacerbations may be reached by careful and timely

selection of asthma step-down choices.
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Table 2 Asthma exacerbation definitions in included studies

Health care utilization Lung function Symptoms

Juniper 1991 ≥4 uses of bronchodilator per day

for 2–3 consecutive days

Not specified ‘A rapid deterioration in symptoms’

ZuWallack 1997 Oral steroids for asthma Not specified Not specified

Visser 2001 Oral steroids for asthma Not specified Not specified

Hawkins 2003 Physician visit to patient’s home

for asthma

Physician office, ED, or Hospital

visit for asthma

Oral steroids for asthma

PEF < 70% was used

to ‘prompt’ a visit to ER

Persistent symptoms despite

bronchodilator use

Papi 2007 >8 puffs of rescue inhalers/day above

baseline for 3 consecutive days

Use of asthma medication outside of

protocol (oral steroids)

PEF > 30% below baseline

for 2 consecutive days

Not specified

Martinez 2011 Oral steroids for asthma Not specified Not specified
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Table S1:  Database search terms

Search terms # of articles
1 exp asthma/dt, th 45495
2 exp anti-asthmatic agents/ae, ad 21208
3 exp glucocorticoids/ad, ae 44612

4 (2 or 3) and (inhal*.mp. or administration, inhalation/ or "nebulizers and
vaporizers"/) 9133

5 1 and 4 6031

6

(step* adj down).mp. or cessation/ or stop*.mp. or quit*.mp. or cease*.mp.
or reduc*.mp. or eliminat*.mp. or taper*.mp. or wean*.mp. or withdraw*.mp.
or discontinu*.mp. or rescue*.mp. or "on demand".mp. or "as needed".mp.
[mp=title, abstract, subject headings, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name,
keyword]

2843178

7 5 and 6 2129
8 7 and treatment failure/ 24

9
disease progression/ or asymptom*.mp. or exacerbat*.mp. [mp=title,
abstract, subject headings, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword]

402646

10 Forced Expiratory Volume/ or exp Respiratory Function Tests/ 57694
11 quality of life/ 179400
12 (9 or 10 or 11) and 7 1239

13
12 and (double-blind method/ or random*.mp.) [mp=title, abstract, subject
headings, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword]

693

14 clinical trial/ or exp controlled clinical trial/ or exp multicenter study/ 811538
15 12 and 14 904
16 13 or 15 939



Table S2.  Risk of bias assessment8

Martinez
2011

Papi
2007

Hawkins
2003

Visser
2001

ZuWallack
1997

Juniper
1991

Random
sequence
generation

Low Low Low Unclear Unclear Unclear

Allocation
concealment

Low Low Low Unclear Unclear Unclear

Blinding of
participants
and personnel

Low Unclear Unclear Unclear Low Unclear

Blinding of
outcome
assessment

Low Unclear Low Unclear Low Unclear

Incomplete
outcome data

Unclear Low Low Unclear Low Low

Selective
reporting

Unclear Low Low Low Unclear Low

Other bias Unclear Low Low Unclear Low Low
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