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ABSTRACT
INTRODUCTION: About 10% of adults have suffered an attack of asthma, and up to 5% of these have severe disease that responds poorly
to treatment. Patients with severe disease have an increased risk of death, but patients with mild-to-moderate disease are also at risk of
exacerbations. Most guidelines about the management of asthma follow stepwise protocols. This review does not endorse or follow any
particular protocol, but presents the evidence about specific interventions. METHODS AND OUTCOMES:We conducted a systematic review
and aimed to answer the following clinical questions:What are the effects of treatments for chronic asthma? What are the effects of treatments
for acute asthma? We searched: Medline, Embase, The Cochrane Library, and other important databases up to June 2008 (Clinical Evidence
reviews are updated periodically; please check our website for the most up-to-date version of this review). We included harms alerts from
relevant organisations such as the US Food and Drug Administration (FDA) and the UK Medicines and Healthcare products Regulatory
Agency (MHRA). RESULTS: We found 99 systematic reviews, RCTs, or observational studies that met our inclusion criteria. We performed
a GRADE evaluation of the quality of evidence for interventions. CONCLUSIONS: In this systematic review we present information relating
to the effectiveness and safety of the following interventions. For acute asthma: beta2 agonists (plus ipratropium bromide, pressured metered-
dose inhalers, short-acting continuous nebulised, short-acting intermittent nebulised, and short-acting intravenous); corticosteroids (inhaled);
corticosteroids (single oral, combined inhaled, and short courses); education about acute asthma; generalist care; helium–oxygen mixture
(heliox); magnesium sulphate (intravenous and adding isotonic nebulised magnesium to inhaled beta2 agonists); mechanical ventilation;
oxygen supplementation (controlled 28% oxygen and controlled 100% oxygen); and specialist care. For chronic asthma: beta2 agonists
(adding long-acting inhaled beta2 agonists when asthma is poorly controlled by inhaled corticosteroids, or short-acting inhaled beta2 agonists
as needed for symptom relief); inhaled corticosteroids (low dose and increasing dose); leukotriene antagonists (with or without inhaled cor-
ticosteroids); and theophylline (when poorly controlled by inhaled corticosteroids).

QUESTIONS

What are the effects of treatments for chronic asthma?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

What are the effects of treatments for acute asthma?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

INTERVENTIONS

CHRONIC ASTHMA TREATMENTS

 Beneficial

Adding long-acting inhaled beta2 agonists to inhaled
corticosteroids in people with mild-to-moderate persistent
asthma that is poorly controlled by inhaled corticos-
teroids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Low-dose inhaled corticosteroids in persistent asthma
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Short-acting inhaled beta2 agonists as needed for
symptom relief (as effective as regular use) in mild-to-
moderate persistent asthma . . . . . . . . . . . . . . . . . . . 8

 Likely to be beneficial

Adding theophylline to inhaled corticosteroids in people
with mild-to-moderate persistent asthma poorly con-
trolled by inhaled corticosteroids (likely to be better than
adding placebo but may be less effective than increasing
dose of corticosteroids) . . . . . . . . . . . . . . . . . . . . . 12

Leukotriene antagonists in people with mild-to-moderate
persistent asthma not taking inhaled corticosteroids
(likely to be better than placebo, but may be less effec-
tive than inhaled corticosteroids) . . . . . . . . . . . . . . . 9

 Unknown effectiveness

Adding leukotriene antagonists to inhaled corticosteroids
in people with mild-to-moderate persistent asthma . .
1 5

ACUTE ASTHMA TREATMENTS

 Beneficial

Adding ipratropium bromide to beta2 agonists . . . . 21

Controlled oxygen supplementation (28% oxygen better
than 100% oxygen) . . . . . . . . . . . . . . . . . . . . . . . . . 16

Inhaled corticosteroids . . . . . . . . . . . . . . . . . . . . . . 18

Oral corticosteroids alone (as effective as combined in-
haled plus oral corticosteroids) . . . . . . . . . . . . . . . . 20

Short courses of systemic corticosteroids (more effective
than placebo) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Spacer devices for delivering beta2 agonists from pres-
surised metered-dose inhalers (as good as nebulisers)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

 Likely to be beneficial

Continuous nebulised short-acting beta2 agonists (more
effective than intermittent nebulised short-acting beta2
agonists) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Mechanical ventilation for people with severe acute
asthma* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Specialist care (more effective than generalist care) . .
2 7

 Unknown effectiveness

Adding isotonic nebulised magnesium to inhaled beta2
agonists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Education about acute asthma . . . . . . . . . . . . . . . . 17

Magnesium sulphate (iv) for people with severe acute
asthma (better than placebo) . . . . . . . . . . . . . . . . . 25

Magnesium sulphate alone (nebulised) . . . . . . . . . 28

 Unlikely to be beneficial

Helium–oxygen mixture (heliox) . . . . . . . . . . . . . . . 29
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Intravenous short-acting beta2 agonists (no more effec-
tive than nebulised short-acting beta2 agonists) . . . 29

Covered elsewhere in Clinical Evidence

Asthma and other wheezing disorders in children

To be covered in future updates

Allergen avoidance

Anti-IgE treatment in severe, chronic asthma

Educational interventions in people with chronic asthma

Oral beta2 agonists

Footnote

*Categorisation based on consensus. Limited RCT evi-
dence available.

Most guidelines about the management of asthma follow
stepwise protocols. This review does not endorse or
follow any particular protocol, but it presents the evi-
dence about specific interventions.

Key points

• About 10% of adults have suffered an attack of asthma, and up to 5% of these have severe disease that responds
poorly to treatment. These people have an increased risk of death.

• Most guidelines about the management of asthma follow stepwise protocols.This review does not endorse or follow
any particular protocol, but presents the evidence about specific interventions.

• Taking short-acting beta2 agonists as needed is as likely to relieve symptoms and improve lung function as a reg-
ular dosing schedule in adults with chronic asthma.

• Adding long-acting beta2 agonists to inhaled corticosteroids decreases the number of exacerbations and improves
symptoms, lung function, and quality of life in people with mild-to-moderate persistent asthma that is poorly controlled
with corticosteroids.

• CAUTION: Long-acting beta2 agonists have been associated with increased asthma-related mortality, and should
always be used with inhaled corticosteroids.

• Low-dose inhaled corticosteroids improve symptoms and lung function in persistent asthma compared with placebo
or regular inhaled beta2 agonists.

Leukotriene antagonists are more effective than placebo at reducing symptoms, but we don't know if adding
leukotriene antagonists to inhaled corticosteroids is of benefit in people with chronic asthma.

CAUTION: Leukotriene antagonists have been associated with a possible increased risk of neuropsychiatric
events.

Adding theophylline to inhaled corticosteroids may improve lung function in people with mild or moderate chronic
asthma that is poorly controlled with inhaled corticosteroids, but we don't know if they are of benefit compared
with long-acting beta2 agonists or leukotriene antagonists.

• In people with an acute attack of asthma, supplementation of beta2 agonists with 28% oxygen, systemic corticos-
teroids (short courses), additional beta2 agonists (various routes of administration), or ipratropium bromide improve
symptoms.

Inhaled corticosteroids seem to improve lung function in people with acute asthma. However, we don't know
whether inhaled corticosteroids are as effective as systemic corticosteroids at improving symptom severity, lung
function, and hospital admissions.

Inhaled plus oral corticosteroids and oral corticosteroids alone may have similar effects in preventing relapse
and improving lung function.

Beta2 agonists delivered from a metered-dose inhaler using a spacer are as effective at improving lung function
as those given by a nebuliser or given intravenously. Giving beta2 agonists intravenously is more invasive than
giving beta2 agonists by nebuliser.

In people with severe acute asthma, continuous nebulised short-acting beta2 agonists may also improve lung
function more than intermittent nebulised short-acting beta2 agonists.

We don't know if intravenous magnesium sulphate, nebulised magnesium alone, or adding nebulised magnesium
to inhaled beta2 agonists improves lung function in people with acute asthma.

We don't know whether helium–oxygen mixture (heliox) is more effective at improving lung function compared
with usual care.

Mechanical ventilation may be life saving in severe acute asthma, but it is associated with high levels of morbid-
ity.

Specialist care of acute asthma may lead to improved outcomes compared with generalist care.

We don't know whether education to help self-manage asthma improves symptom severity, lung function, or
quality of life, but it may reduce hospital admissions.
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DEFINITION Asthma is characterised by variable airflow obstruction and airway hyper-responsiveness. Symptoms
include dyspnoea, cough, chest tightness, and wheezing. The normal diurnal variation of PEFR is
increased in people with asthma. Chronic asthma is defined here as asthma requiring maintenance
treatment to achieve part or total control. In a newly diagnosed person, and when confronted with
the first treatment decision, asthma should be classified by severity (intermittent, chronic mild,
moderate, or severe). As further classification of disease status depends both on the severity of
the disease and the response to treatment, it is now recommended that the terms "controlled",
"partly controlled", and "uncontrolled" are used for people receiving treatment. [1] [2] Acute asthma
is defined here as an exacerbation of underlying asthma requiring urgent treatment. For details of
the US and UK classifications of asthma, see table 1, p 35 . Most guidelines about the management
of asthma follow stepwise protocols.This review does not endorse or follow any particular protocol,
but presents the evidence about specific interventions in no particular order.

INCIDENCE/
PREVALENCE

The reported prevalence of asthma has been increasing worldwide, but may have currently reached
a plateau. [3] [4] [5]  About 10% of people have suffered an attack of asthma, but epidemiological
studies have also found marked variations in prevalence between and within countries. [6] [7] [8]

AETIOLOGY/
RISK FACTORS

Most people with asthma are atopic. Exposure to certain stimuli initiates inflammation and structural
changes in airways causing airway hyper-responsiveness and variable airflow obstruction, which
in turn cause most asthma symptoms. There are many such stimuli; the more important include
environmental allergens, occupational sensitising agents, and respiratory viral infections. [9] [10]

PROGNOSIS Chronic asthma: In people with mild asthma, prognosis is good, and progression to severe disease
is rare. However, as a group, people with asthma lose lung function faster than those without
asthma, although less quickly than people without asthma who smoke. [11]  People with chronic
asthma can improve with treatment. However, some people (possibly up to 5%) have severe disease
that responds poorly to treatment. These people are most at risk of morbidity and death from
asthma. Acute asthma: About 10% to 20% of people presenting to the emergency department
with asthma are admitted to hospital. Of these, fewer than 10% receive mechanical ventilation. [12]

[13] Those who are ventilated are at 19-fold increased risk of ventilation for a subsequent episode.
[14]  It is unusual for people to die unless they have suffered respiratory arrest before they reach
hospital. [15]  One prospective study of 939 people discharged from emergency care found that
106/641 (17%, 95% CI 14% to 20%) relapsed by 2 weeks. [16]

AIMS OF
INTERVENTION

To minimise or eliminate symptoms; to maximise lung function; to prevent exacerbations; to minimise
the need for medication; to minimise adverse effects of treatment; and to provide enough information
and support to facilitate self-management of asthma.

OUTCOMES Symptom severity (daytime and nocturnal, excluding lung function); lung function, in terms of PEFR
and forced expiratory volume in 1 second (FEV1); need for rescue medication such as inhaled beta2
agonists; variability of flow rates; activities of daily living; primary care follow-up; hospital admissions;
time in the emergency department; and adverse effects of treatment.

METHODS Clinical Evidence search and appraisal June 2008. The following databases were used to identify
studies for this systematic review: Medline 1966 to June 2008, Embase 1980 to June 2008, and
The Cochrane Database of Systematic Reviews and Cochrane Central Register of Controlled
Clinical Trials 2008, Issue 2 (1966 to date of issue). An additional search was carried out of the
NHS Centre for Reviews and Dissemination (CRD) — for Database of Abstracts of Reviews of
Effects (DARE) and Health Technology Assessment (HTA). We also searched for retractions of
studies included in the review. Abstracts of the studies retrieved from the initial search were assessed
by an information specialist. Selected studies were then sent to the contributor for additional as-
sessment, using pre-determined criteria to identify relevant studies. Study design criteria for inclusion
in this review were: published systematic reviews of RCTs and RCTs in any language, containing
more than 20 individuals of whom more than 80% were followed up.There was no minimum length
of follow-up required to include studies.We did not exclude RCTs described as "open", "open label",
or not blinded. In addition, we use a regular surveillance protocol to capture harms alerts from or-
ganisations such as the FDA and the UK Medicines and Healthcare products Regulatory Agency
(MHRA), which are added to the reviews as required. This was supplemented by additional mate-
rial assessing harms from the authors' own search. We have primarily included RCTs in people
aged 13 years or over, but we have also included high-quality studies with people aged 12 years
or over if most people in the trial were adults. We have performed a GRADE evaluation of the
quality of evidence for interventions included in this review (see table, p 43 ). The categorisation
of the quality of the evidence (into high, moderate, low, or very low) reflects the quality of evidence
available for our chosen outcomes in our defined populations of interest. These categorisations
are not necessarily a reflection of the overall methodological quality of any individual study, because

© BMJ Publishing Group Ltd 2010. All rights reserved. ........................................................... 3

Asthma in adults
R

esp
irato

ry d
iso

rd
ers (ch

ro
n

ic)



the Clinical Evidence population and outcome of choice may represent only a small subset of the
total outcomes reported, and population included, in any individual trial. For further details of how
we perform the GRADE evaluation and the scoring system we use, please see our website
(www.clinicalevidence.com).

QUESTION What are the effects of treatments for chronic asthma?

OPTION ADDING LONG-ACTING INHALED BETA2 AGONISTS TO INHALED CORTICOSTEROIDS IN
PEOPLE WITH MILD-TO-MODERATE PERSISTENT ASTHMA THAT IS POORLY CONTROLLED
BY INHALED CORTICOSTEROIDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with inhaled corticosteroids Adding long-acting inhaled beta2 agonists to inhaled corticosteroids seems
more effective at reducing the risk of exacerbations (defined as reducing the need for systemic corticosteroids), and
decreasing symptom-free and rescue-free days, in people with poorly controlled asthma (moderate-quality evidence).

Compared with increased inhaled corticosteroid dose Adding long-acting inhaled beta2 agonists to inhaled corticos-
teroids seems more effective at improving symptoms, increasing symptom-free days, and reducing the need for
rescue medications at 3 to 6 months in people with poorly controlled asthma (moderate-quality evidence).

Compared with adding leukotriene antagonists to inhaled corticosteroids Adding long-acting inhaled beta2 agonists
to inhaled corticosteroids seems more effective at 4 to 48 weeks at decreasing the need for systemic corticosteroids,
increasing the number of symptom-free days, and reducing the need for rescue medications in people with persistent
and poorly controlled asthma (moderate-quality evidence).

Lung function
Compared with inhaled corticosteroids Adding long-acting inhaled beta2 agonists to inhaled corticosteroids seems
more effective at improving lung function (forced expiratory volume in 1 second [FEV1] and peak expiratory flow rate
[PEFR]) at 4 to 54 weeks in people with poorly controlled asthma (moderate-quality evidence).

Compared with increased inhaled corticosteroid dose Adding long-acting inhaled beta2 agonists to inhaled corticos-
teroids seems more effective at improving lung function (FEV1 and PEFR) in people with poorly controlled asthma
(moderate-quality evidence).

Compared with adding leukotriene antagonists to inhaled corticosteroids Adding long-acting inhaled beta2 agonists
to inhaled corticosteroids seems more effective at improving lung function (FEV1 and PEFR) in people with persistent
and poorly controlled asthma (moderate-quality evidence).

Quality of life
Compared with adding leukotriene antagonists to inhaled corticosteroids Adding long-acting inhaled beta2 agonists
to inhaled corticosteroids seems more effective at improving quality-of-life scores in people with symptomatic asthma
(moderate-quality evidence).

Hospital admissions
Compared with adding leukotriene antagonists to inhaled corticosteroids Adding long-acting inhaled beta2 agonists
to inhaled corticosteroids seems equally effective at reducing hospital admissions in people with poorly controlled
asthma (moderate-quality evidence).

Note
Salmeterol has been associated with asthma-related mortality, possibly by making asthma episodes more severe.
This has been supported by regulatory warnings. Thus, long-acting inhaled beta2 agonists are not a substitute for
controller medications (corticosteroids) at appropriate doses, and should always be used with inhaled corticosteroids.

For GRADE evaluation of interventions for asthma in adults, see table, p 43 .

Benefits: Adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus inhaled corti-
costeroids:
We found one systematic review (search date 2004; 26 RCTs [6 RCTs in children], 8147 people
in total), [17]  and three subsequent RCTs [18] [19] [20]  comparing adding long-acting beta2 agonists
to inhaled corticosteroids versus inhaled corticosteroids for 4 to 54 weeks. The review included
RCTs of both adults and children, but carried out a subgroup analysis of adults for two outcomes.
It found that adding long-acting beta2 agonists to inhaled corticosteroids significantly reduced the
risk of exacerbations (defined as the need for systemic corticosteroids) and also significantly im-
proved FEV1  compared with inhaled corticosteroids (risk of exacerbations: 12 RCTs, 3625 adults;
423/1816 [23%] with long-acting beta2 agonists plus inhaled corticosteroidsv 518/1809 [29%] with
inhaled corticosteroids; RR 0.81, 95% CI 0.73 to 0.90; change in FEV1: 9 RCTs, 2935 adults; WMD
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0.37, 95% CI 0.26 to 0.48). A meta-analysis including adults and adolescents found that adding
long-acting beta2 agonists to inhaled corticosteroids significantly increased the proportion of
symptom-free days and rescue-free days compared with inhaled corticosteroids (proportion of
symptom-free days: 6 RCTs, 1317 people; WMD 17%, 95% CI 12% to 22%; rescue-free days: 2
RCTs, 362 people; WMD 19%, 95% CI 12% to 26%). [17]

The first subsequent RCT (365 adolescents and adults) found that adding the long-acting beta2
agonist salmeterol to the inhaled corticosteroid fluticasone twice daily significantly improved FEV1
and morning PEFR after 4 weeks compared with fluticasone alone (% change in FEV1 from baseline:
26% with salmeterol plus fluticasone v 11% with fluticasone alone; P less than or equal to 0.011;
mean change in morning PEFR: 49.6 L/minute with salmeterol plus fluticasone v 13.9 L/minute
with fluticasone alone; P <0.001). [18]

The second subsequent RCT (456 adults and adolescents) compared adding the long-acting beta2
agonist formoterol 9 micrograms twice daily to the inhaled corticosteroid budesonide 320 micrograms
twice daily versus budesonide alone for 12 weeks.The RCT found that formoterol plus budesonide
significantly increased morning PEFR and FEV1 compared with budesonide alone (mean change
in morning PEFR from baseline: 37.4 L/minute with formoterol plus budesonide v 4.5 L/minute with
budesonide alone; P <0.001; improvement in FEV1: 0.30 L with formoterol plus budesonide v 0.14 L
with budesonide alone; P <0.001). [19]

The third subsequent RCT (282 people aged 18–70 years with clinically representative mild-to-
moderate persistent asthma, with symptoms at least twice a week) compared adding the long-
acting beta2 agonist salmeterol 50 micrograms to the inhaled corticosteroid fluticasone 250 micro-
grams (95 people) versus salmeterol 50 micrograms alone (92 people) versus fluticasone 250 mi-
crograms alone (95 people), all twice daily via an inhaler, for 12 months. [20] We report the compar-
ison of salmeterol plus fluticasone versus fluticasone alone here. The RCT found that salmeterol
plus fluticasone significantly improved change in morning PEFR at 12 months compared with fluti-
casone alone (38 L/minute with salmeterol plus fluticasone v 21 L/minute with fluticasone alone;
P <0.001); however, it found no significant difference between the groups in PEFR diurnal variation,
FEV1, and forced volume vital capacity (FVC) (PEFR diurnal variation: –2.5 L/minute with salmeterol
plus fluticasone v –1.6 L/minute with fluticasone alone; FEV1: 0.09 L with salmeterol plus fluticasone
v 0.02 L with fluticasone alone; FVC: 0.07 L with salmeterol plus fluticasone v 0.05 L with fluticasone
alone; difference between groups reported as not significant for both outcomes; P values not re-
ported). The RCT also found that salmeterol plus fluticasone significantly decreased the need for
rescue medication at 12 months compared with fluticasone alone (10/95 [11%] with salmeterol
plus fluticasone v 32/92 [35%] with fluticasone alone; P <0.001). The main reason for dosage ad-
justment was for two or more asthma exacerbations.

Adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus increased inhaled
corticosteroid dose:
We found two systematic reviews comparing the effects of adding long-acting beta2 agonists to
inhaled corticosteroids versus increasing the dose of inhaled corticosteroids. [21] [22] The more
recent systematic review (search date 2004; 30 RCTs, 27 in adults; 9509 people, 9342 adults)
performed a subgroup analysis of adults for one outcome only. [22] The review found that long-
acting beta2 agonists plus inhaled corticosteroids significantly improved symptoms, lung function,
and the number of symptom-free days compared with higher doses of inhaled corticosteroids.
Long-acting beta2 agonists plus inhaled corticosteroids significantly decreased the daytime use of
rescue beta2 agonists (see table 2, p 36 ). There was no significant difference in the number of
people with exacerbations requiring systemic corticosteroids. All the RCTs in the first systematic
review (search date 1999; 9 RCTs, 3685 people) [21]  were included in the more recent systematic
review, [22]  but the first review included adults and adolescents only. It found that adding regular
doses of long-acting beta2 agonists (salmeterol or formoterol) to inhaled corticosteroids improved
lung function and symptoms and reduced exacerbations compared with increased doses of corti-
costeroids (see table 2, p 36 ). [21]

Adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus adding
leukotriene antagonists to inhaled corticosteroids:
We found one systematic review (search date 2006; 11 RCTs, 6030 adults and adolescents who
remained symptomatic despite being given inhaled corticosteroids [400–565 micrograms of be-
clometasone [beclomethasone] equivalent]) comparing adding the long-acting beta2 agonists
(salmeterol or formoterol) versus adding the leukotriene antagonists (montelukast or zafirlukast)
to inhaled corticosteroids over 4 to 48 weeks. [23] The review found that long-acting beta2 agonists
plus inhaled corticosteroids significantly decreased the proportion of people with exacerbations
(defined as the need for systemic corticosteroids) and the need for rescue medications compared
with leukotriene antagonists plus inhaled corticosteroids (see table 3, p 37 ). It also found that long-
acting beta2 agonists plus inhaled corticosteroids significantly increased the number of symptom-
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free days, rescue-free days, quality-of-life scores, morning and evening PEFR, and FEV1 compared
with leukotriene antagonists plus inhaled corticosteroids. However, it found no significant difference
in the proportion of people with one or more exacerbations requiring hospital admission between
long-acting beta2 agonists plus inhaled corticosteroids and leukotriene antagonists plus inhaled
corticosteroids (see table 3, p 37 ).

Harms: Long-acting inhaled beta2 agonists versus placebo:
We found one systematic review (search date 2003; 22 RCTs, 353 people; mean trial duration 3
weeks) assessing respiratory tolerance (effects of beta2-agonist use on respiratory function and
beta2 receptor function) in people taking short- or long-acting beta2 agonists. [24]  It found that,
compared with people taking placebo, people taking regular doses of inhaled beta2 agonists for
longer than 1 week had significant decreases in peak FEV1 response to future beta2 agonist admin-
istration, FEV1 dose response to future beta2 agonists, and response to bronchoconstriction, as
well as significant decreases in leukocyte receptor density and beta2 receptor binding affinity (future
beta2 agonist administration:WMD –17.8%, 95% CI –27.2% to –8.5%; FEV1 dose response to future
beta2 agonists: WMD –34.8%, 95% CI –45.7% to –24.0%; response to bronchoconstriction [as
measured by 20% reduction in FEV1 {PC20}]: –26%, 95% CI –37% to –11%); leukocyte receptor
density: –18.3%, 95% CI –31.6% to –5.1%; beta2 receptor binding affinity: –23.1%, 95% CI –34.4%
to –6.8%). [24]

Adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus inhaled corti-
costeroids:
The systematic review [17]  and two of the subsequent RCTs [18] [19]  comparing adding long-acting
beta2 agonists to inhaled corticosteroids versus inhaled corticosteroids gave no information on
adverse effects of treatment. The third subsequent RCT found that the number of adverse effects
was similar with salmeterol plus fluticasone and fluticasone alone (92/95 [97%] with salmeterol
plus fluticasone v 88/92 [96%] with fluticasone alone; significance not assessed). [20] The most
common adverse effects were upper respiratory infection, musculoskeletal pain, and gastroenteritis.
Upper respiratory infection occurred in 70/95 (74%) with salmeterol plus fluticasone versus 72/92
(78%) with fluticasone alone (significance not assessed).We found one additional systematic review
(search date 2005; 19 RCTs, 33,826 adults and children with asthma) comparing long-acting beta2
agonists versus placebo. [25]  Inhaled corticosteroids were used by 53.9% of participants in the
long-acting beta2 agonists group and 53.2% of participants in the placebo group. The systematic
review found that long-acting beta2 agonists significantly increased admissions to hospital for
asthma exacerbations compared with placebo (12 RCTs, 5091 people; 53/3083 [2%] with long-
acting beta2 agonists v 12/2008 [0.6%] with placebo; OR 2.6, 95% CI 1.6 to 4.3; P <0.001). A
subanalysis of adults also found that long-acting beta2 agonists significantly increased admissions
to hospital for asthma exacerbations compared with placebo (9 RCTs, 30,125 adults; OR 2.0, 95%
CI 1.0 to 3.9; absolute results not reported). The systematic review also found that long-acting
beta2 agonists significantly increased life-threatening exacerbations compared with placebo (7
RCTs, 29,981 people; 50/15,443 [0.3%] with long-acting beta2 agonists v 25/14,538 [0.2%] with
placebo; OR 1.8, 95% CI 1.1 to 2.9; P = 0.012). The risk of asthma-related deaths reported in the
systematic review was taken from one RCT. [26] The review reported that long-acting beta2 agonists
significantly increased asthma-related deaths compared with placebo (1 RCT, 26,353 adults:
13/13,174 [0.1%] with long-acting beta2 agonists v 3/13,179 [0.02%] with placebo; OR 3.5, 95%
CI 1.3 to 9.3; P = 0.013). [25] Whether these increased risks represent a lack of appropriate use of
controller medication (inhaled corticosteroids) by participants, a treatment effect, or genetic factors
is not yet clear.

Adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus increased inhaled
corticosteroid dose:
The two systematic reviews [21] [22]  gave no information on adverse effects of treatment.

Adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus adding
leukotriene antagonists to inhaled corticosteroids:
The systematic review found no significant difference between long-acting beta2 agonists plus inhaled
corticosteroids and leukotriene antagonists plus inhaled corticosteroids in the number of withdrawals
because of adverse effects, or overall adverse events, including headache, cardiovascular events,
oral moniliasis, or osteopenia/osteoporosis (number of withdrawals because of adverse effects:
10 RCTs, 6225 adults and adolescents; 117/3102 [4%] with long-acting beta2 agonists plus inhaled
corticosteroids v 115/3123 [4%] with leukotriene antagonists plus inhaled corticosteroids; RR 1.02,
95% CI 0.80 to 1.32; P = 0.9; overall adverse events: 8 RCTs, 5911 adults and adolescents;
1862/2945 [63%] with long-acting beta2 agonists plus inhaled corticosteroids v 1822/2966 [61%]
with leukotriene antagonists plus inhaled corticosteroids; RR 1.03, 95% CI 0.99 to 1.07; P = 0.1).
[23]
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Harms alerts:
The FDA has issued a safety alert requesting that product labels of long-acting beta2 agonists be
updated to state that, although they decrease the frequency of asthma episodes, long-acting beta2
agonists may make asthma episodes more severe when they occur, and may increase mortality
when those episodes occur. [27]

The FDA has issued a drug safety alert on the possible increased risk of neuropsychiatric events
(mood and behavioural changes) associated with leukotriene inhibitors (montelukast, zafirlukast,
and zileuton). [28]

Comment: Clinical guide:
There is reasonable evidence that adding long-acting beta2 agonists to inhaled corticosteroids in
adults with poorly controlled asthma is more effective than using inhaled corticosteroids alone, in-
creasing the dose of inhaled corticosteroids, or adding leukotriene antagonists to inhaled corticos-
teroids. Most people taking inhaled corticosteroids who have uncontrolled asthma should be given
long-acting beta2 agonists in addition to their inhaled corticosteroids, unless there are contraindica-
tions. Long-acting beta2 agonists have been associated with increased asthma-related mortality
and should always be used with inhaled corticosteroids. [25]

OPTION LOW-DOSE INHALED CORTICOSTEROIDS IN PEOPLE WITH PERSISTENT ASTHMA. . . . .

Symptom severity
Compared with placebo Low-dose inhaled corticosteroids seem more effective at improving symptoms and reducing
exacerbations and the need for short-acting bronchodilators in people with mild, moderate, or severe asthma (mod-
erate-quality evidence).

Lung function
Compared with placebo Low-dose inhaled corticosteroids seem more effective at improving lung function (FEV1
and PEFR) in people with mild, moderate, or severe asthma (moderate-quality evidence).

Compared with regular use of beta2 agonists Regular use of low-dose inhaled corticosteroids (2 drugs or fewer) may
be more effective at improving lung function (PEFR) in adults with mild persistent asthma (low-quality evidence).

Quality of life
Compared with placebo Low-dose inhaled corticosteroids are more effective at improving quality of life in people
with mild, moderate, or severe asthma (high-quality evidence).

For GRADE evaluation of interventions for asthma in adults,  see table , p 43 .

Benefits: Low-dose inhaled corticosteroids versus placebo:
We found one systematic review (search date 1999; 43 RCTs [29 parallel studies, 14 crossover
studies]; 2801 adults, adolescents, and children people with asthma who had not been treated with
oral steroids) [29]  and seven subsequent RCTs (reported in 9 papers; 6 RCTs in 1210 adults and
adolescents, 1 RCT in 7241 people aged 5–66 years) comparing budesonide versus placebo (see
table 4, p 38 ). [30] [31] [32] [33] [34] [35] [36] [37]

We found one systematic review (search date 2005; 75 RCTs, 14,208 adults and children) comparing
fluticasone versus placebo for 4 weeks to 2 years in people with persistent asthma. [38] The review
included people with asthma of all severity. Subgroup analysis was performed for adults for some
outcomes (see table 4, p 38 ).

We found one systematic review (search date 2003; 60 RCTs, 6542 adults and children with
asthma) comparing beclometasone (beclomethasone) versus placebo for 4 weeks to 6 months.
[39]  Subgroup analysis was performed for adults for some outcomes (see table 4, p 38 ).

We found one systematic review (search date 2007; 18 RCTs, 6343 people [including 1692 children]
with asthma) comparing ciclesonide versus placebo for 6 to 12 weeks. [40] We also found nine
additional RCTs (>3000 adults and adolescents with persistent asthma) assessing low doses of
triamcinolone, [41] [42] [43]  flunisolide, [44]  and mometasone. [45] [46] [47]

Most of the systematic reviews and RCTs found that low-dose inhaled corticosteroids significantly
improved lung function and symptoms and reduced the need for short-acting bronchodilators
compared with placebo (see table 4, p 38  for detailed results).

Low-dose inhaled corticosteroids versus beta2 agonists:
We found one systematic review (search date not reported; 5 RCTs, 3 comparing inhaled corticos-
teroids v placebo, 2 comparing inhaled corticosteroids v beta2 agonists; 141 adults with mild per-
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sistent asthma). [48] The review found that regular inhaled corticosteroids (2 drugs or fewer) signif-
icantly improved lung function compared with regular beta2 agonists or placebo (overall weighted
effect size for PEFR: 0.59, 95% CI 0.32 to 0.84).

Harms: Low-dose inhaled corticosteroids versus placebo:
The review of budesonide found no significant difference between budesonide and placebo in the
proportion of people who developed oral candidiasis (1/73 [1%] with budesonide v 0/66 [0%] with
placebo; RR 3.00, 95% CI 0.13 to 68.57). [29]  However, the analysis is likely to have been under-
powered to detect a clinically important difference between groups.

The review comparing fluticasone versus placebo found that fluticasone significantly increased
oral candidiasis compared with placebo at all doses (fluticasone 100 micrograms/day or less: 4
RCTs, 645 adults; Peto OR 4.84, 95% CI 1.39 to 16.88; fluticasone 200 micrograms/day: 10 RCTs,
1492 adults; Peto OR 3.68, 95% CI 1.76 to 7.67; fluticasone 500 micrograms/day: 5 RCTs, 841
adults; Peto OR 6.37, 95% CI 2.62 to 15.48). [38]

The review of beclometasone found no significant difference in oral candidiasis between beclometa-
sone (400 micrograms/day or less to 1000 micrograms/day) and placebo (4 RCTs, 392 adults and
children; 6/194 [3%] with beclometasone v 5/198 [3%] with placebo; RR 1.71, 95% CI 0.41 to 3.33).
[39]

The review of ciclesonide found similar rates of pharyngitis, nasopharyngitis, headache, upper
respiratory infections, and rhinitis in both groups. Few data were available to indicate the frequency
of oral candidiasis in each treatment group. [40]

We also found two systematic reviews that specifically assessed adverse effects of inhaled corti-
costeroids. [49] [50] The first review (search date 2001; 2 RCTs, 892 people) examined the effects
of inhaled corticosteroids on fracture rate. [49]  It found no significant difference between conven-
tional doses of inhaled corticosteroid and placebo in the proportion of people who had vertebral
fractures (6/484 [1.2%] with corticosteroids v 3/409 [0.7%] with placebo; OR 1.87, 95% CI 0.50 to
7.03).The second review (search date 1998; 27 RCTs) assessed overall adverse effects of inhaled
corticosteroids and found that systemic adverse effects increased with dose. [50]  It found that, al-
though posterior subcapsular cataracts occurred more frequently in people taking oral corticosteroids,
most studies in adults provided no evidence that inhaled corticosteroids increased the risk once
the confounding effect of oral corticosteroid use was removed. It found no significant effect of inhaled
low-dose corticosteroids on bruising or skin thickness.

Low-dose inhaled corticosteroids versus beta2 agonists:
The review gave no information on adverse effects. [48]

Comment: Clinical guide:
There is strong evidence that low-dose inhaled corticosteroids are effective and safe as first-line
controller therapy in people with persistent mild-to-moderate asthma. Two RCTs have found that
inhaled corticosteroids delivered using chlorofluorocarbon-free propellants such as hydrofluoroalkane
are effective at low doses for people with mild persistent asthma, but dose equivalence varies with
each delivery system. [43] [44] The dose of inhaled corticosteroid may need to be adjusted if a
chlorofluorocarbon-free propellant is used.

OPTION SHORT-ACTING INHALED BETA2 AGONISTS AS NEEDED IN ADULTS WITH MILD OR
MODERATE ASTHMA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with regular-use short-acting inhaled beta2 agonists As-needed and regular use of short-acting inhaled
beta2 agonists seem equally effective at reducing exacerbations and at improving daytime and night-time symptoms,
but we don't know whether they are as effective at reducing the use of rescue medication in people with asthma for
at least 6 months (moderate-quality evidence).

Lung function
Compared with regular-use short-acting inhaled beta2 agonists As-needed and regular use of short-acting inhaled
beta2 agonists seem equally effective at improving morning PEFR, and may be as effective at improving FEV1  in
people with asthma for at least 6 months (moderate-quality evidence).

Quality of life
Compared with regular-use short-acting inhaled beta2 agonists As-needed and regular use of short-acting inhaled
beta2 agonists seem equally effective at improving quality of life in people with asthma for at least 6 months (moderate-
quality evidence).
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For GRADE evaluation of interventions for asthma in adults, see table, p 43 .

Benefits: As-needed inhaled beta2 agonists versus regular-use inhaled beta2 agonists:
We found one systematic review (search date 2002; 41 RCTs in adults, 3 RCTs in children [18
parallel group RCTs and 26 crossover RCTs]) comparing regular versus as-needed beta2 agonists
in adults or children with a diagnosis of asthma for at least 6 months. [51]  Results from crossover
RCTs and parallel group RCTs were analysed separately. Four of the included RCTs did not allow
the use of co-interventions. The review found no significant difference between regular and as-
needed use in morning PEFR, the number of people with more than one major exacerbation, and
daytime and night-time symptom scores (morning PEFR: 11 parallel group RCTs, 2576 adults and
children; WMD –2.7 L/minute, 95% CI –10.4 L/minute to +5.0 L/minute; people with >1 major exac-
erbation: 10 parallel group RCTs, 2922 adults; OR 0.86, 95% CI 0.71 to 1.04; daytime symptom
score: 7 parallel group RCTs, 1492 adults;WMD –0.02, 95% CI –0.12 to +0.09; night-time symptom
score: 5 parallel group RCTs, 1137 adults; WMD –0.11, 95% CI –0.23 to +0.02; results for these
outcomes were similar in the crossover RCTs). The review also found no significant difference
between regular and as-needed use in quality-of-life scores (1 parallel group RCT, 225 adults;
WMD +0.01, 95% CI –0.24 to +0.26), although very few RCTs reported on this outcome.The review
found varying results for FEV1  and rescue bronchodilator use between the parallel group and
crossover RCTs. In the parallel group RCTs, as-needed beta2 agonists significantly improved FEV1
compared with regular treatment (9 parallel group RCTs, 1483 adults and children; WMD –0.08 L,
95% CI –0.15 L to –0.01 L); however, in the crossover RCTs, there was no significant difference
in FEV1 between groups (16 crossover RCTs, 1522 adults; WMD –0.09 L, 95% CI –0.22 L to
+0.44 L). In the parallel group RCTs, regular beta2 agonists significantly reduced rescue bronchodila-
tor use over a 24-hour period compared with as-needed use (5 parallel group RCTs, 928 adults
and children; WMD –0.80 puffs/day, 95% CI –1.46 puffs/day to –0.14 puffs/day); however, the
crossover RCTs found no significant difference in rescue bronchodilator use between the groups
(5 crossover RCTs, 336 adults and children; WMD –0.03 puffs/day, 95% CI –0.18 puffs/day to
+0.12 puffs/day).

Harms: As-needed inhaled beta2 agonists versus regular-use inhaled beta2 agonists:
The review found no significant difference in the incidence of pharmacologically predictable adverse
effects (type of adverse effects not specified) between regular and as-needed treatment (4 parallel
group RCTs, 752 adults; OR 1.03, 95% CI 0.72 to 1.49). The review also found no significant dif-
ference between the groups in headache and palpitations/tachycardia (headache: 5 parallel group
RCTs, 1165 adults; OR 1.02, 95% CI 0.63 to 1.65; palpitations/tachycardia: 2 parallel group RCTs,
518 adults; OR 1.52, 95% CI 0.42 to 5.46). However, the review found that regular treatment sig-
nificantly increased tremor compared with the as-needed group (3 parallel group RCTs, 1514
adults; OR 13.47, 95% CI 3.17 to 57.24). The review found no significant worsening of airways
function after stopping regular treatment with beta2 agonists, and concluded that the small increase
in lower airways reactivity with regular treatment was unlikely to be of any clinical importance. [51]

Non-experimental studies found an association between increased asthma mortality and overuse
of short-acting inhaled beta2 agonists. [52] [53] [54] [55] [56] [57]  However, the results of these non-
randomised studies should be interpreted with caution because of the risk of confounding by factors
other than treatment. Other RCTs found that regular use of inhaled beta2 agonists was associated
with transient rebound deterioration in airway hyper-responsiveness after stopping the medication,
[58]  and with increased allergen-induced bronchoconstriction. [59] Tremor was commonly reported,
but tolerance developed with more frequent use. [60]  See also harms of Adding long-acting inhaled
beta2 agonists to inhaled corticosteroids, p 4 .

Comment: Clinical guide:
There is strong evidence that short-acting beta2 agonists should be used for symptom relief only,
and moderate evidence favouring as needed rather than regular use. Nevertheless, an increase
in the need for this medication should alert both patient and physician that asthma is uncontrolled.
A review assessing the adverse effects of long-acting and short-acting beta2 agonists [24]  is described
in Adding long-acting inhaled beta2 agonists to inhaled corticosteroids, p 4 .

OPTION LEUKOTRIENE ANTAGONISTS IN PEOPLE WITH MILD-TO-MODERATE PERSISTENT
ASTHMA NOT TAKING INHALED CORTICOSTEROIDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with placebo Leukotriene antagonists (zafirlukast or montelukast) seem more effective at reducing daytime
and night-time asthma symptoms and at reducing beta2-agonist use in people with asthma (moderate-quality evidence).

Compared with inhaled corticosteroids Leukotriene antagonists seem less effective at increasing symptom-free days,
reducing the risk of asthma exacerbations (need for systemic corticosteroids), or reducing the need for rescue
medication in people with asthma (moderate-quality evidence).
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Compared with inhaled corticosteroids plus long-acting beta2 agonists Leukotriene antagonists seem less effective
at reducing the risk of exacerbations, decreasing symptoms, or increasing symptom-free days in people with asthma
(moderate-quality evidence).

Lung function
Compared with placebo Leukotriene antagonists (zafirlukast or montelukast) seem more effective at improving
morning FEV1  and PEFR in people with asthma (moderate-quality evidence).

Compared with inhaled corticosteroids Leukotriene antagonists seem less effective at improving FEV1 in people with
asthma (moderate-quality evidence).

Compared with inhaled corticosteroids plus long-acting beta2 agonists Leukotriene antagonists seem less effective
at improving lung function in people with asthma (moderate-quality evidence).

Hospital admissions
Compared with inhaled corticosteroids Leukotriene antagonists and inhaled corticosteroids seem equally effective
at reducing hospital admissions in people with asthma (moderate-quality evidence).

Quality of life
Compared with placebo Leukotriene antagonists (zafirlukast) seem to improve quality of life in people with asthma
(moderate-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table, p 43 .

Benefits: Leukotriene antagonists versus placebo:
We found no systematic review. We found six RCTs comparing leukotriene antagonists versus
placebo for 6 to 13 weeks. [61] [62] [63] [64] [65] [66]

The first RCT (762 people aged 12 years or older with a history of asthma) compared the leukotriene
antagonist zafirlukast versus placebo for 13 weeks. It found that zafirlukast significantly reduced
daytime symptoms, night-time wakenings, and beta2-agonist use compared with placebo (mean
7-day cumulative daytime symptom score measured on a scale from 0 [no symptoms] to 3 [severe
symptoms]: 8.05 with zafirlukast v 9.45 with placebo; P <0.01; night-time wakenings: 2.05/week
with zafirlukast v 2.52/week with placebo; P <0.05; beta2-agonist use: 3.1 puffs/day with zafirlukast
v 3.9 puffs/day with placebo; P <0.01). [61]  Zafirlukast significantly improved morning FEV1  compared
with placebo (7% with zafirlukast v 3% with placebo; P <0.01).

The second RCT (146 people aged >12 years with mild-to-moderate asthma) compared zafirlukast
20 mg versus placebo for 13 weeks. [62] The baseline mean percent predicted FEV1 was signifi-
cantly lower in the zafirlukast group than the placebo group (74% with zafirlukast v 84% with
placebo; P = 0.002).The RCT found that zafirlukast significantly increased the number of symptom-
free days per month, the number of days per month with no beta2-agonist use, and the number of
days per month with no episodes of asthma compared with placebo (mean number of symptom-
free days: 6.3 days with zafirlukast v 3.7 days with placebo; adjusted mean difference: 3.1 days;
P = 0.03; mean number of days with no beta2-agonist use: 7.8 days with zafirlukast v 6.0 days with
placebo; adjusted mean difference: 4.8 days; P = 0.001; mean number of days with no episodes
of asthma: 6.8 days with zafirlukast v 5.1 days with placebo; adjusted mean difference: 4.0 days;
P = 0.003). However, it found no significant difference between the groups in the number of limitation-
free days per month and days per month with no sleep disturbance (mean number of limitation-
free days: 25.8 days with zafirlukast v 24.9 days with placebo; adjusted mean difference: 2.2 days;
P = 0.10; mean number of days with no sleep disturbance: 22.3 days with zafirlukast v 23.1 days
with placebo; adjusted mean difference: 1.2 days; P >0.2).

The third RCT (454 people aged >12 years with asthma) compared zafirlukast versus placebo for
13 weeks. [63]  It found that zafirlukast significantly improved daytime asthma scores, number of
night wakenings per week, beta2-agonist use, morning PEFR, evening PEFR, and quality of life at
13 weeks compared with placebo (mean daytime asthma score [not further defined]: 1.40 with
zafirlukast v 1.55 with placebo; treatment difference: −0.14; P <0.001; mean number of night-time
wakenings per week: 2.07 with zafirlukast v 2.69 with placebo; treatment difference: −0.63; P <0.001;
beta2-agonist use: 3.60 puffs/day with zafirlukast v 4.25 puffs/day with placebo; treatment difference:
−0.64 puffs/day; P <0.001; morning PEFR: 387.5 L/minute with zafirlukast v 374.4 L/minute with
placebo; treatment difference: 13.1 L/minute; P <0.001; evening PEFR: 416.1 L/minute with zafir-
lukast v 404.6 L/minute with placebo; treatment difference: 11.5 L/minute; P <0.001; quality of life
[as measured by the asthma quality-of-life questionnaire; scores range from 1 = maximal impairment
to 7 = no impairment]: 5.08 with zafirlukast v 4.82 with placebo; treatment difference: 0.26;
P = 0.004). However, it found no significant difference between the groups in FEV1 and FEV1 %
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predicted (FEV1: 2.64 L with zafirlukast v 2.60 L with placebo; treatment difference: 0.05; P = 0.331;
FEV1 % predicted: 66.8 with zafirlukast v 66.4 with placebo; treatment difference: 1.3; P = 0.305).

The fourth RCT (215 people aged 12−60 years with mild-to-moderate asthma) compared zafirlukast
20 mg twice daily versus placebo for 12 weeks. [64]  It found that zafirlukast significantly improved
FEV1 at 12 weeks compared with placebo (FEV1: 1.86 L with zafirlukast v 1.71 L with placebo;
P <0.05). It also found that zafirlukast significantly improved daytime and night-time symptoms at
1 week compared with placebo, but it is not clear whether significance for these outcomes was
maintained at 12 weeks (daytime symptoms at 1 week [measured on a scale of 0 = no symptoms
to 5 = symptoms so severe that they affect work and normal activity]: 1.02 with zafirlukast v 1.08
with placebo; P <0.05; daytime symptoms at 12 weeks: 0.67 with zafirlukast v 1.05 with placebo;
P value not reported; night-time symptoms at 1 week [measured on a scale of 0 = no symptoms
to 5 = symptoms so severe the participant did not sleep]: 0.75 with zafirlukast v 0.84 with placebo;
night-time symptoms at 12 weeks: 0.45 with zafirlukast v 0.82 with placebo; P value not reported).
The RCT found no significant difference between zafirlukast and placebo in FVC, PEFR, FEV1 %
predicted, and the use of rescue medication at 12 weeks (FVC: 2.39 L with zafirlukast v 2.20 L with
placebo; PEFR: 387.71 L/minute with zafirlukast v 354.89 L/minute with placebo; FEV1 % predicted:
70.38 with zafirlukast v 63.50 with placebo; use of rescue medication: 4.73 rotacaps of salbutamol
200 micrograms with zafirlukast v 19.81 rotacaps of salbutamol 200 micrograms with placebo; P
values for all outcomes listed >0.05).

The fifth RCT (782 people aged 15 years or older with at least a 1-year history of asthma symptoms)
compared the leukotriene antagonist montelukast 10 mg once daily (339 people), the inhaled cor-
ticosteroid beclometasone (beclomethasone) 200 micrograms twice daily (332 people), and
placebo (111 people) for 6 weeks. [65]  Up to two uses of oral corticosteroids were allowed during
the study period. The RCT found that montelukast significantly improved days of asthma control,
average daily use of the beta2 agonist albuterol, rescue corticosteroid use, and FEV1 during the 6-
week study period (% of days of asthma control: 41.4% with montelukast v 26.8% with placebo;
P <0.001; daily beta2-agonist change from baseline: −30.3 puffs/day with montelukast v −9.7
puffs/day with placebo; P <0.01; proportion of people without rescue corticosteroid use: 97.3% with
montelukast v 96.4% with placebo; P = 0.037; FEV1 change from baseline: 0.24 L with montelukast
v 0.10 L with placebo; P = 0.004).

The sixth RCT (730 people aged 15 years or older with at least a 1-year history of asthma symptoms)
compared montelukast 10 mg once daily (314 people), the inhaled corticosteroid beclometasone
200 micrograms twice daily (313 people), and placebo (103 people) for 6 weeks. [66]  It found that
montelukast significantly improved the number of asthma-controlled days, FEV1, and beta2-agonist
use at 6 weeks compared with placebo (mean % of asthma-controlled days: 50.7% with montelukast
v 40.0% with placebo; P <0.05; FEV1 % change from baseline: 12.1% with montelukast v 6.4%
with placebo; P <0.05; daily beta2-agonist use % change from baseline: −35.7% with montelukast
v −15.7% with placebo; P <0.05).

Leukotriene antagonists versus inhaled corticosteroids:
We found one systematic review [67]  and three subsequent RCTs (see table 5, p 42 ). [68] [69] [70]

The review (search date 2003) found that leukotriene antagonists (montelukast, pranlukast, and
zafirlukast) were significantly less effective than inhaled corticosteroids (beclometasone and fluti-
casone) at reducing the risk of asthma exacerbations requiring systemic corticosteroids and reducing
symptom-free days. [67]  It found no significant difference in hospital admission rates for acute ex-
acerbations between leukotriene antagonists and inhaled corticosteroids. The three subsequent
RCTs found no significant difference in lung function, symptoms, or the need for rescue medication
between leukotriene antagonists and inhaled corticosteroids. [68] [69] [70]  However, all the RCTs
may have been underpowered to detect a clinically important difference between groups.

Leukotriene antagonists versus inhaled corticosteroids plus long-acting beta2 agonists:
We found no systematic review but found two RCTs. [71] [72] The first RCT (423 adults with
symptomatic asthma taking short-acting beta2 agonists) compared the leukotriene antagonist
montelukast 20 mg once daily versus the inhaled corticosteroid fluticasone 100 micrograms plus
the long-acting beta2 agonist salmeterol 50 micrograms twice daily. [71]  It found that fluticasone
plus salmeterol significantly increased symptom-free days and reduced exacerbations compared
with montelukast alone at 12 weeks (increase in symptom-free days from baseline: 22% with
montelukast alone v 49% with fluticasone plus salmeterol; WMD 27%, 95% CI 20% to 35%; exac-
erbations: 11 with montelukast alone v 0 with fluticasone plus salmeterol; P <0.001). The second
RCT (432 people aged 15 years or older with persistent asthma, symptomatic on short-acting beta2
agonists) found that fluticasone 100 micrograms twice daily plus salmeterol 50 micrograms twice
daily significantly increased lung function and reduced symptoms compared with oral montelukast
alone 10 mg once daily at 12 weeks (increase in FEV1: 27% with fluticasone plus salmeterol v 13%
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with montelukast alone; P <0.001; increase in symptom-free days: 40% with fluticasone plus sal-
meterol v 27% with montelukast alone; P <0.017). [72]

Harms: One systematic review (search date 2000) identified 22 cases of the Churg–Strauss syndrome
associated with leukotriene antagonists, but the total number of people exposed was not reported.
[73]

Leukotriene antagonists versus placebo:
The first RCT found that the incidence of adverse effects was similar with zafirlukast and placebo
(350/514 [68%] with zafirlukast v 160/248 [65%] with placebo; significance not assessed). [61] The
most common adverse effects were pharyngitis and headache. Four adverse events that led to
withdrawal from the zafirlukast group were considered to be related to treatment; details of treatment-
related adverse events leading to withdrawal in the placebo group not reported. No deaths occurred
during the 13 weeks of treatment.

The second RCT did not report on harms of treatment. [62] The third RCT found that the incidence
of adverse effects (predominantly pharyngitis and headache) was similar with zafirlukast and
placebo (125/231 [54%] with zafirlukast v 132/223 [59%] with placebo; significance not assessed).
[63]

The fourth RCT found no significant difference in adverse events between zafirlukast and placebo
(22/116 [19%] with zafirlukast v 13/99 [13%] with placebo; P >0.05). [64]  Adverse events were mild
in severity, and the most common adverse events were nausea and vomiting.

The fifth RCT reported that the most frequently reported adverse events were upper respiratory
infection, headache, and sinusitis (>5% of people), and were not different among the treatment
groups; no further details reported. [65]

The sixth RCT found that the incidence of adverse effects was similar in the montelukast and
placebo groups (39% with montelukast v 54% with placebo; absolute results not reported and sig-
nificance not assessed). [66] The most frequent adverse events with headache and upper respira-
tory infections.

Leukotriene antagonists versus inhaled corticosteroids:
The review found that leukotriene antagonists significantly increased the risk of "withdrawals for
any cause", but there was no significant difference between treatments in withdrawal rates caused
by adverse effects (withdrawal caused by adverse effects: 16 RCTs; 96/3257 [2.9%] with any
leukotriene antagonist v 77/3020 [2.5%] with inhaled corticosteroids; RR 1.15, 95% CI 0.86 to 1.54).
[67] The first subsequent RCT found similar adverse effect rates between montelukast and budes-
onide. [68] The second and third subsequent RCTs also found similar rates of upper respiratory
infection, headache, or sinusitis with montelukast and beclometasone (no further data reported).
[69] [70]

Leukotriene antagonists versus inhaled corticosteroids plus long-acting beta2 agonists:
The first RCT found similar rates of adverse effects, primarily headache and hoarseness, between
groups (62% with montelukast v 61% with salmeterol plus fluticasone; significance assessment
not reported). [71] The second RCT found similar results. [72]

Harms alerts:
The FDA has issued a drug safety alert on the possible increased risk of neuropsychiatric events
(mood and behavioural changes) associated with leukotriene inhibitors (montelukast, zafirlukast,
and zileuton). [28]

Comment: Clinical guide:
Compared with placebo, there is reasonable evidence that leukotriene antagonists as first-line
controller therapy in adults with asthma is beneficial, but there is less evidence of benefit when
compared with inhaled corticosteroids, or with inhaled corticosteroids plus long-acting beta2 agonists.
Unless contraindicated, most people who have uncontrolled asthma should be given inhaled corti-
costeroids.

OPTION ADDING THEOPHYLLINE TO INHALED CORTICOSTEROIDS IN PEOPLE WITH MILD-TO-
MODERATE PERSISTENT ASTHMA POORLY CONTROLLED BY INHALED CORTICOS-
TEROIDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
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Compared with increased dose of inhaled corticosteroids We don't know whether adding theophylline to low-dose
inhaled corticosteroids is more effective at improving severity of daytime and night-time symptoms at 12 weeks in
people with persistent asthma (low-quality evidence).

Lung function
Compared with adding placebo to inhaled corticosteroids Adding theophylline to low-dose corticosteroids may be
more effective at improving morning and evening PEFR at 6 months in people with mild-to-moderate persistent
asthma that is poorly controlled with inhaled corticosteroids (low-quality evidence).

Compared with adding leukotriene antagonists to inhaled corticosteroids We don't know whether adding theophylline
to inhaled corticosteroids is more effective than adding the leukotriene antagonist zafirlukast to inhaled corticosteroids
at improving lung function (FEV1) at 3 months in people with moderate persistent asthma that is not well controlled
(low-quality evidence).

Compared with adding long-acting beta2 agonists to inhaled corticosteroids Adding theophylline to inhaled corticos-
teroids seems equally effective at improving lung function (FEV1) in people with moderate and persistent asthma
that is poorly controlled (moderate-quality evidence).

Compared with increasing the dose of inhaled corticosteroids Adding theophylline to inhaled corticosteroids seems
no more effective at improving lung function (morning and evening PEFR) at 12 weeks in people with persistent
asthma (moderate-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Adding theophylline to inhaled corticosteroids versus adding placebo to inhaled corticos-
teroids:
We found one RCT (155 people with persistent asthma that was poorly controlled with inhaled
corticosteroids) comparing three treatments: continuing low-dose inhaled corticosteroids 200 mi-
crograms twice daily plus placebo; continuing low-dose inhaled corticosteroids 200 micrograms
twice daily plus slow-release theophylline 200 mg twice daily; and high-dose inhaled corticosteroids
500 micrograms twice daily. [74]  It found that continuing low-dose corticosteroids plus theophylline
improved morning and evening PEFR compared with continuing low-dose corticosteroids plus
placebo after 6 months (mean change in morning PEFR: 4.4 L/minute with corticosteroids plus
placebo v 21.8 L/minute with corticosteroids plus theophylline; mean change in evening PEFR:
1.9 L/minute with corticosteroids plus placebo v 22.5 L/minute with corticosteroids plus theophylline;
P values not reported).

Adding theophylline to inhaled corticosteroids versus adding leukotriene antagonists to
inhaled corticosteroids:
We found one RCT (64 people with moderate persistent asthma poorly controlled using the inhaled
corticosteroid budesonide with doses >800 micrograms/day) comparing the addition of theophylline,
the leukotriene antagonist zafirlukast, or the long-acting beta2 agonist inhaled formoterol to
budesonide. [75]  It found no significant difference between adding theophylline and adding zafirlukast
in lung function at 3 months (mean improvement in % predicted FEV1 : 20.7% with adding zafirlukast
v 21.4% with adding theophylline; P value not reported). It found no significant difference between
adding theophylline and adding zafirlukast in decrease in daily PEFR variability, daytime or night-
time asthma symptoms, or in the mean number of rescue inhalations after 3 months. The RCT did
not present results for asthma exacerbations.

Adding theophylline to inhaled corticosteroids versus adding long-acting beta2 agonists to
inhaled corticosteroids:
We found one RCT (64 people with moderate persistent asthma poorly controlled using the inhaled
corticosteroid budesonide with doses >800 micrograms/day) comparing the addition of theophylline,
the leukotriene antagonist zafirlukast, or the long-acting beta2 agonist inhaled formoterol to
budesonide. [75]  It found no significant difference between adding theophylline and adding formoterol
in improvement in FEV1, decrease in daily PEFR variability, daytime or night-time asthma symptoms,
or in mean number or rescue medications after 3 months (mean improvement in % predicted FEV1:
+21% with adding theophylline v +23% with adding formoterol; P >0.05). No asthma exacerbations
were reported in the study period.

Adding theophylline to inhaled corticosteroids versus adding oral beta2 agonists to inhaled
corticosteroids:
We found one RCT (99 people with moderate asthma using the inhaled corticosteroid beclometa-
sone) comparing adding controlled-released theophylline versus adding oral beta2 agonists to be-
clometasone. [76]  Symptoms, pulmonary function, and exacerbations improved with both treatments
at 8 weeks with similar rates in both groups (data taken from the abstract; full article in Chinese).
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Adding theophylline to inhaled corticosteroids versus increased inhaled corticosteroid
dose:
We found two RCTs. [74] [77] The first RCT (155 people with persistent asthma that was poorly
controlled with inhaled corticosteroids) compared three treatments: continuing low-dose inhaled
corticosteroids 200 micrograms twice daily plus placebo; continuing low-dose inhaled corticosteroids
200 micrograms twice daily plus slow-release theophylline 200 mg twice daily; and high-dose inhaled
corticosteroids 500 micrograms twice daily. [74] The RCT found no significant difference in morning
and evening PEFR between adding theophylline to inhaled corticosteroids and high-dose corticos-
teroids (mean change in morning PEFR: +21.8 L/minute with adding theophylline v +19.5 L/minute
with high-dose corticosteroids; mean change in evening PEFR: +22.5 L/minute with adding theo-
phylline v +8.3 L/minute with high-dose corticosteroids; P values not reported). However, the study
may have lacked power to detect clinically important differences.

The second RCT (66 people with persistent asthma not controlled by inhaled corticosteroids)
compared adding theophylline 250 mg or 375 mg (depending on body weight) to the inhaled corti-
costeroid budesonide 400 micrograms twice daily versus high-dose budesonide (800 micrograms)
plus placebo twice daily for 3 months. [77] The RCT found that adding theophylline significantly in-
creased FEV1 at 12 weeks compared with high-dose budesonide (results presented graphically;
P = 0.03). However, the improvement in FEV1 was probably not clinically important. There was no
significant difference between groups in PEFR or symptom severity (PEFR: P = 0.16; severity of
daytime symptoms: P = 0.57; severity of night-time symptoms: P = 0.59; results presented graphi-
cally). The study may have lacked power to detect clinically important differences. [77]

Harms: Adding theophylline to inhaled corticosteroids versus adding placebo to inhaled corticos-
teroids:
The RCT found no significant differences between low-dose corticosteroids plus placebo, low-dose
corticosteroids plus theophylline, and high-dose inhaled corticosteroids in any common self-reported
adverse effect (dyspepsia, nausea, dry mouth, headache, coughing, bronchitis, coryza, and
pharyngitis; P >0.05 for all between-group comparisons). [74]

Adding theophylline to inhaled corticosteroids versus adding leukotriene antagonists to
inhaled corticosteroids:
The RCT found that adverse events, most commonly headache and dyspepsia, were more common
with adding leukotriene antagonists than with adding theophylline (31% with adding leukotriene
antagonists v 20% with adding theophylline; P value not reported). [75] There were no withdrawals
caused by adverse events.

Adding theophylline to inhaled corticosteroids versus adding long-acting beta2 agonists to
inhaled corticosteroids:
Adverse event rates were the same with adding theophylline and with adding long-acting beta2
agonists (20%). [75] There were no withdrawals caused by adverse events.

Adding theophylline to inhaled corticosteroids versus adding oral beta2 agonists to inhaled
corticosteroids:
The RCT did not report on harms of treatment in the abstract. [76]

Adding theophylline to inhaled corticosteroids versus increased inhaled corticosteroid
dose:
The two RCTs did not report on harms of treatment. [74] [77]

Harms alerts:
The FDA has issued a drug safety alert on the possible increased risk of neuropsychiatric events
(mood and behavioural changes) associated with leukotriene inhibitors (montelukast, zafirlukast,
and zileuton). [28]

Comment: We also found two systematic reviews comparing theophylline versus long-acting beta2 agonists.
These reviews included RCTs of people in whom inhaled steroid use was not required, poorly
standardised, or not optimally titrated before study randomisation. We therefore excluded these
reviews. We identified one study comparing oral theophylline versus inhaled formoterol, and this
will be considered for inclusion once translated. [78]

Clinical guide:
There is no clear evidence that using theophylline as add-on therapy in adults with poorly controlled
asthma on inhaled corticosteroids is beneficial compared with increasing the dose of inhaled corti-
costeroids, or with adding long-acting beta2 agonists or leukotriene antagonists. Unless there are
contraindications, most adults who have uncontrolled asthma on inhaled corticosteroids should
initially be given long-acting beta2 agonists or leukotriene antagonists, or the dose of inhaled corti-

© BMJ Publishing Group Ltd 2010. All rights reserved. .......................................................... 14

Asthma in adults
R

esp
irato

ry d
iso

rd
ers (ch

ro
n

ic)



costeroid should be increased. However, costs or locally available resources might be taken into
consideration.

OPTION ADDING LEUKOTRIENE ANTAGONISTS TO INHALED CORTICOSTEROIDS IN PEOPLE WITH
MILD-TO-MODERATE PERSISTENT ASTHMA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with adding placebo to inhaled corticosteroids Adding leukotriene antagonists to inhaled corticosteroids
seems no more effective at 4 to 16 weeks at reducing asthma exacerbations in people with mild-to-moderate persistent
asthma (moderate-quality evidence).

Compared with increasing inhaled corticosteroid dose Adding leukotriene antagonists to inhaled corticosteroids
seems no more effective at decreasing daytime symptoms, nocturnal waking, and days with asthma exacerbations
in people with mild-to-moderate persistent asthma (moderate-quality evidence).

Compared with adding long-acting beta2 agonists to inhaled corticosteroids Adding leukotriene antagonists to inhaled
corticosteroids seems less effective at 4 to 48 weeks at decreasing the need for systemic corticosteroids, increasing
the number of symptom-free days, and reducing the need for rescue medications in people with persistent and
poorly controlled asthma (moderate-quality evidence).

Lung function
Compared with adding placebo to inhaled corticosteroids We don't know whether adding leukotriene antagonists to
inhaled corticosteroids is more effective at 4 to 16 weeks at improving PEFR in people with mild-to-moderate persistent
asthma (low-quality evidence).

Compared with increasing inhaled corticosteroid dose Adding leukotriene antagonists to inhaled corticosteroids
seems no more effective at improving PEFR in people with mild-to-moderate persistent asthma (moderate-quality
evidence).

Compared with adding long-acting beta2 agonists to inhaled corticosteroids Adding leukotriene antagonists to inhaled
corticosteroids seems less effective at improving lung function (FEV1  and PEFR) in people with persistent and
poorly controlled asthma (moderate-quality evidence).

Quality of life
Compared with increasing inhaled corticosteroid dose Adding leukotriene antagonists to inhaled corticosteroids
seems no more effective at improving quality of life in people with mild-to-moderate persistent asthma (moderate-
quality evidence).

Compared with adding long-acting beta2 agonists to inhaled corticosteroids Adding leukotriene antagonists to inhaled
corticosteroids seems less effective at improving quality-of-life scores in people with symptomatic asthma (moderate-
quality evidence).

Hospital admissions
Compared with adding long-acting beta2 agonists to inhaled corticosteroids Adding leukotriene antagonists to inhaled
corticosteroids seems equally effective at reducing hospital admissions in people with symptomatic asthma (moderate-
quality evidence).

For GRADE evaluation of interventions for asthma in adults,  see table, p 43 .

Benefits: Adding leukotriene antagonists to inhaled corticosteroids versus adding placebo to inhaled
corticosteroids:
We found one systematic review (search date 2003; 11 RCTs in adults, 2 RCTs in children with
symptomatic asthma on their current dose of inhaled steroids; 2492 people) [79]  and one subsequent
RCT comparing adding leukotriene antagonists to inhaled corticosteroids versus adding placebo
to inhaled corticosteroids. [80] The systematic review found no significant difference in the proportion
of people with exacerbations requiring systemic steroids at 4 to 16 weeks between adding licensed
doses of leukotriene antagonists (montelukast 5 or 10 mg/day, pranlukast 450 mg/day, and zafir-
lukast 80 mg/day) and adding placebo (3 RCTs, 1 in children; 22/493 [4%] with adding leukotriene
antagonists v 35/495 [7%] with adding placebo; RR 0.64, 95% CI 0.38 to 1.07). [79] The subsequent
small RCT (38 people with mild persistent asthma receiving inhaled budesonide, 31 people analysed)
found that, after 4 weeks, adding the leukotriene antagonist zafirlukast 20 mg twice daily significantly
increased PEFR compared with baseline (increase in PEFR from baseline: 27.1 L/minute in the
morning and 19.4 L/minute in the evening with adding zafirlukast; P <0.01). [80]  However, it found
no significant from baseline with adding placebo; 1.4 L/minute in the morning and 3.4 L/minute in
the evening with adding placebo; P reported as not significant).The RCT did not compare treatments
directly.
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Adding leukotriene antagonists to inhaled corticosteroids versus increasing inhaled corti-
costeroid dose:
We found one RCT (889 non-smokers, aged 15–75 years, poorly controlled with the inhaled corti-
costeroid budesonide 800 micrograms/day, baseline FEV1  69% predicted) comparing adding the
leukotriene antagonist montelukast 10 mg daily to budesonide versus doubling the dose of
budesonide to 1600 micrograms daily for 12 weeks. [81]  It found no significant difference in PEFR,
daytime symptoms, nocturnal waking, days with asthma exacerbations, and quality of life between
adding montelukast to budesonide and doubled budesonide dose (mean increase PEFR:
33.5 L/minute with adding montelukast v 30.1 L/minute with doubled budesonide dose; difference
+3.4 L/minute, 95% CI –12.9 L/minute to +4.8 L/minute; change in daytime symptom score, on a
scale from 0 [least severe] to 24 [most severe]: –0.34 with adding montelukast v –0.35 with doubled
budesonide dose; P = 0.91; change in number of nights with nocturnal waking: from 12% to 2%
with adding montelukast v from 14% to 4% with doubled budesonide dose; P = 0.35; median days
with exacerbations: 6.7% with adding montelukast v 6.3% with doubled budesonide dose; P = 0.78;
AR for increase in quality of life by 0.5 points or greater: about 43% with adding montelukast v
about 40% with doubled budesonide dose; P value not reported).

Adding leukotriene antagonists to inhaled corticosteroids versus adding long-acting beta2
agonists to inhaled corticosteroids:
See benefits of Adding long-acting inhaled beta2 agonists to inhaled corticosteroids, p 4 .

Harms: Adding leukotriene antagonists to inhaled corticosteroids versus adding placebo to inhaled
corticosteroids:
The review found that adding leukotriene antagonists (given at a higher than licensed dose) signif-
icantly increased the proportion of people with liver enzyme elevation compared with adding
placebo (3 RCTs; 14/410 [3%] with adding leukotriene antagonists v 2/406 [1%] with adding
placebo; RR 4.97, 95% CI 1.45 to 17.00), but reduced the proportion of people with oral moniliasis
(3 RCTs; 4/410 [1%] with adding leukotriene antagonists v 15/406 [4%] with adding placebo; RR
0.29, 95% CI 0.10 to 0.81). [79]  It found no significant difference between groups in other adverse
effects (headache, nausea). In the subsequent RCT comparing adding zafirlukast versus adding
placebo, seven people who had acute asthma exacerbations were withdrawn (3/20 [15%] with
adding zafirlukast v 4/18 [22%] with adding placebo; P value not reported). [80]

Adding leukotriene antagonists to inhaled corticosteroids versus increasing inhaled corti-
costeroid dose:
The RCT comparing adding montelukast versus doubled budesonide dose found no significant
difference between treatments in adverse effects at 12 weeks. [81]  It found that the most common
adverse effects were upper respiratory infection, worsening asthma, and headache (no data report-
ed).

Adding leukotriene antagonists to inhaled corticosteroids versus adding long-acting beta2
agonists to inhaled corticosteroids:
See harms of Adding long-acting inhaled beta2 agonists to inhaled corticosteroids, p 4 .

Harms alerts:
The FDA has issued a drug safety alert on the possible increased risk of neuropsychiatric events
(mood and behavioural changes) associated with leukotriene inhibitors (montelukast, zafirlukast,
and zileuton). [28]

Comment: Clinical guide:
There is no clear evidence that adding long-acting leukotriene antagonists to inhaled corticosteroids
in adults with poorly controlled asthma is beneficial compared with increasing the dose of inhaled
corticosteroids, or with the addition of long-acting beta2 agonists, or placebo. Unless there are
contraindications, most adults who have uncontrolled asthma despite using inhaled corticosteroids
should initially be offered long-acting beta2 agonists, or the dose of inhaled corticosteroid should
be increased.

QUESTION What are the effects of treatments for acute asthma?

OPTION CONTROLLED OXYGEN SUPPLEMENTATION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lung function
Different concentrations of oxygen compared with each other Twenty-eight percent oxygen seems more effective
than 100% oxygen at improving lung function (PEFR) in people with acute asthma (moderate-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table, p 43 .
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Benefits: Different concentrations of controlled oxygen supplementation versus each other:
We found no systematic review but found one RCT (74 adults admitted to an emergency department)
comparing two different concentrations of oxygen given over 20 minutes. [82]  It found that 28%
oxygen significantly increased PEFR compared with 100% oxygen (difference: 31.7 L/minute, 95%
CI 16.7 L/minute to 46.8 L/minute). [82]

Harms: Different concentrations of controlled oxygen supplementation versus each other:
The RCT found that 100% oxygen significantly increased the arterial partial pressure of carbon
dioxide compared with 28% oxygen (mean difference: 2.7 mmHg, 95% CI 0.7 mmHg to 4.7 mmHg).
[82]

Comment: Clinical guide:
The most severe stages of acute asthma are respiratory failure, cardiopulmonary arrest, and death.
[13] [14]  Studies of near-fatal asthma suggest that hypoxia rather than arrhythmia accounts for
asthma deaths. It seems reasonable that supplemental oxygen should continue to form a critical
part of management. The RCT of oxygen has shown benefits to using lower concentrations of
oxygen targeted to achieve an oxygen saturation greater than 90%.

OPTION EDUCATION ABOUT ACUTE ASTHMA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with usual care We don't know whether self-management education is more effective at reducing emer-
gency department visits, physician visits, days off work or school, nocturnal asthma, and physical limitations in people
with asthma (low-quality evidence).

Lung function
Compared with usual care We don’t know whether self-management education is more effective at improving lung
function (FEV1  and PEFR) in people with asthma (low-quality evidence).

Hospital admissions
Compared with usual care Self-management education may be more effective at reducing hospital admissions in
people with asthma (low-quality evidence).

Quality of life
Compared with usual care We don't know whether self-management education is more effective at improving quality
of life in people with asthma (low-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table, p 43 .

Benefits: Education versus usual care or control:
We found two systematic reviews [83] [84]  and two additional RCTs. [85] [86] The systematic reviews
had three RCTs in common.

The RCTs in the first review (search date 2002; 36 RCTs, 6069 people) compared the following
types of self-management versus usual care: optimal self-management (including a written action
plan for self-management of medications for exacerbations) plus self-monitoring plus regular
medical review; self-monitoring plus regular review; self-monitoring only; regular review only; and
written action plan but not optimal self-management. [83]  Included studies recruited people from
hospital, the emergency department, outpatient clinic, general practice, and the community. The
review found that, compared with usual care, self-management education significantly reduced
hospital admissions, emergency department visits, unscheduled visits to the doctor, days off work,
and nocturnal asthma, and significantly improved quality of life (hospital admissions: 12 RCTs,
2418 people; RR 0.64, 95% CI 0.50 to 0.82; emergency department visits: 13 RCTs, 2902 people;
RR 0.82, 95% CI 0.73 to 0.94; unscheduled visits to the doctor: 7 RCTs, 1556 people; RR 0.68,
95% CI 0.56 to 0.81; days off work: 7 RCTs, 732 people; RR 0.79, 95% CI 0.67 to 0.93; nocturnal
asthma: 5 RCTs, 1136 people; RR 0.67, 95% CI 0.56 to 0.79; quality of life: 6 RCTs, 515 people;
SMD 0.29, 95% CI 0.11 to 0.47). It found that optimal self-management including a written plan
significantly reduced hospital admissions compared with usual care (9 RCTs, 2418 people; RR
0.58, 95% CI 0.43 to 0.77). It found no significant difference between self-management and usual
care in lung function (FEV1 : 7 RCTs, 1072 people; SMD +0.01, 95% CI –0.02 to +0.22).

The second systematic review (search date 2007; 12 RCTs, 1954 adults who had attended an
emergency department for the treatment of asthma exacerbation) compared the following types
of education versus control: written self-management plans; education on symptoms and triggers
control; information booklet or card; teaching of use of medication and inhalers, including peak flow
meters; and enhancing importance of follow-up. [84]  Control included usual care (which may or
may not have involved a degree of education), waiting list control, or lower intensity educational
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intervention. [84]  It found that education for 6 to 18 months significantly reduced the number of
hospital admissions or readmissions compared with control (5 RCTs [1 RCT in common with the
respective analysis in the first systematic review], [83]  572 people: 40/286 [14%] with education v
74/286 [26%] with control; RR 0.50, 95% CI 0.27 to 0.91; P = 0.02). There was a moderate level
of statistical heterogeneity for this outcome (P = 0.08; significance for P value for heterogeneity
not defined), but sources of heterogeneity were not provided by the systematic review. A sensitivity
analysis of two RCTs with high-quality methods found that education significantly reduced the
number of hospital admissions or readmissions compared with control (2 RCTs, 386 people; 26/188
[14%] with education v 44/198 [22%] with control; RR 0.63, 95% CI 0.40 to 0.97) and the result
was homogeneous (P = 0.89). The systematic review found no significant difference between ed-
ucation and control in subsequent presentations at emergency departments, primary care physician
urgent visits, primary care physician call outs, quality of life, or physical limitations caused by
asthma (representation at emergency departments: 7 RCTs [2 RCTs in common with the respective
analysis in the first systematic review], [83]  800 people; 66/404 [16%] with education v 86/396 [22%]
with control; RR 0.69, 95% CI 0.40 to 1.21; physician urgent visits: 1 RCT, 80 people; 11/40 [28%]
with education v 9/40 [23%] with control; RR 1.22, 95% CI 0.57 to 2.62; primary care physician call
outs: 1 RCT, 80 people; 2/40 [5%] with education v 5/40 [13%] with control; RR 0.40, 95% CI 0.08
to 1.94; quality of life [as measured by the St George Respiratory Questionnaire; higher score indi-
cates worse outcome]: 1 RCT [in common with the respective analysis in the first systematic review],
[83]  197 people; 30.25 with education v 28.73 with control; WMD +1.52, 95% CI –3.43 to +6.47;
physical limitations caused by asthma: 1 RCT, 115 people; 27/57 [47%] with education v 29/58
[50%] with control; RR 0.95, 95% CI 0.65 to 1.38). It also found no significant difference in lung
function between education and control (PEFR: 2 RCTs, 312 people; mean difference
+5.29 L/minute, 95% CI –31.04 L/minute to +41.63 L/minute); however, the authors of the system-
atic review noted statistical heterogeneity (P = 0.10) for this outcome.

The first additional RCT (96 adults and children who had been admitted to hospital with acute
asthma, 83% female, mean age 39 years) compared a multifaceted intervention (asthma education,
advice to clinician about medication, psychosocial support, individualised asthma management
plan, discharge plan, follow-up by telephone, home visits, and physician visits) versus usual care
for 6 months. [85]  It found that the intervention significantly reduced all-cause hospital admissions
(overall total of admissions), asthma admissions, and days lost from school or work at 1 year (all-
cause admissions: 31% with intervention v 71% with usual care; P = 0.04; asthma admissions:
21% with intervention v 42% with usual care; P = 0.04; days lost: 246 days with intervention v 1040
days with usual care; P = 0.02). It found no significant difference between interventions in emer-
gency visits (64 visits with intervention v 93 visits with usual care; P = 0.52).

Harms: Education versus usual care or control:
The reviews [83] [84]  and RCT [85]  gave no information on adverse effects.

Comment: We found a second additional RCT (78 people) reported in Norwegian. [86] The RCT found that
asthma education (2 group sessions plus 1 or 2 individual sessions) improved FEV1 (6% improve-
ment) and quality of life, and reduced general practitioner visits (70% reduction) at 12 months
compared with control (data taken from abstract). We are awaiting translation of this RCT: further
details may be reported after assessment of the full reporting of the RCT. [86]

OPTION INHALED CORTICOSTEROIDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with systemic corticosteroids We don’t know whether inhaled corticosteroids are more effective at reducing
symptom scores and relapse rates at days 7 to 10 after emergency department discharge in people with acute
asthma (low-quality evidence).

Lung function
Compared with placebo Inhaled corticosteroids seem more effective at improving lung function (PEFR and FEV1) in
people with acute asthma (moderate-quality evidence).

Compared with systemic corticosteroids We don’t know whether inhaled corticosteroids are more effective at improving
lung function (PEFR and FEV1) in people with acute asthma (very low-quality evidence).

Hospital admissions
Compared with placebo Inhaled corticosteroids are more effective at reducing hospital admissions in people with
acute asthma after 2 to 4 hours of treatment (high-quality evidence).

Compared with systemic corticosteroids We don’t know whether inhaled corticosteroids are more effective at reducing
hospital admissions in people with acute asthma after 2 to 4 hours of treatment (low-quality evidence).
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For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Inhaled corticosteroids versus placebo:
We found two systematic reviews [87] [88]  with 14 RCTs in common. The first review (search date
2005; 16 RCTs, 1359 adults and children presenting to an emergency department) found that inhaled
corticosteroids given in the emergency department significantly reduced hospital admission rates
compared with placebo in people with acute asthma (7 RCTs, 466 people; 3 RCTs included 138
children; 22/234 [9%] with inhaled corticosteroids v 57/232 [25%] with control; OR 0.32, 95% CI
0.18 to 0.54). [87] Two of the RCTs in this analysis compared inhaled corticosteroids plus systemic
corticosteroids versus systemic corticosteroids alone. Subgroup analysis of the RCTs that did not
include concomitant systemic corticosteroids also found that inhaled corticosteroids significantly
reduced hospital admission rates compared with placebo (12/180 [7%] with inhaled corticosteroids
v 40/182 [22%] with control; OR 0.27, 95% CI 0.14 to 0.52). Patients receiving inhaled corticosteroids
also demonstrated small, significant improvements in peak expiratory flows at 1 and 2 hours (PEFR
1 hour, 4 RCTs, 324 people; WMD: 6%, 95% CI 2% to 9%; at 2 hours, 5 RCTs, 384 people; WMD:
7%, 95% CI 4% to 11 %) and forced expiratory volumes at 2 and 3 to 4 hours (FEV1  at 2 hours,
4 RCTs, 319 people; WMD: 4%, 95% CI 0.3% to 7%; at 3 to 4 hours, 4 RCTs, 319 people; WMD:
6%, 95% CI 2% to 10%).

The second systematic review (search date 2006; 17 RCTs, 1133 adults and children) compared
early (first 4 hours of treatment) inhaled corticosteroids versus placebo. [88]  It found that inhaled
corticosteroids (multiple doses; 3 or more doses at up to 30-minute intervals) significantly reduced
hospital admissions after 2 to 4 hours of treatment compared with placebo (3 RCTs [all in common
with the respective analysis in the first systematic review], [87]  270 people; 10/133 [8%] with inhaled
corticosteroids v 34/137 [25%] with placebo; OR 0.26, 95% CI 0.12 to 0.54). It also found that after
2 to 3 hours of treatment, inhaled corticosteroids (multiple doses) significantly increased discharge
rate compared with placebo (2 RCTs, 210 people; 93/103 [90%] with inhaled corticosteroids v
80/107 [75%] with placebo; OR 3.13, 95% CI 1.43 to 6.86). The systematic review found a dose-
response relationship between inhaled corticosteroids and lung function at 60 and 120 minutes; it
found no significant difference in lung function (as measured by PEFR) between inhaled corticos-
teroids (single dose) and placebo at 60 and 120 minutes (PEFR at 60 minutes: 2 RCTs; WMD
+16.8, 95% CI –16.0 to +49.6; PEFR at 120 minutes: 1 RCT; WMD –6.3, 95% CI –66.0 to +53.4;
absolute results and number of people in analyses not reported). However, inhaled corticosteroids
(multiple doses) significantly improved lung function at 60 and 120 minutes compared with placebo
(PEFR at 60 minutes: 2 RCTs; WMD 38.5, 95% CI 15.7 to 61.3; PEFR at 120 minutes; 2 RCTs,
WMD 44.8, 95% CI 20.2 to 68.6; absolute results and number of people in analyses not reported).
A similar dose-response relationship was found between inhaled corticosteroids and lung function
as measured by FEV1.

Inhaled corticosteroids versus systemic corticosteroids:
We found two systematic reviews [89] [88]  and one additional RCT. [90] The two systematic reviews
had one RCT in common. The first review (search date 2001; 7 RCTs, 1204 adults and children)
compared oral corticosteroids (prednisolone) versus high-dose inhaled corticosteroids (2 mg/day
or more of beclometasone [beclomethasone] dipropionate or equivalent) in people with acute
asthma after emergency department discharge. [89]  It found no significant difference between oral
and inhaled corticosteroids in relapse rate at 7 to 10 days (4 RCTs, 684 people; OR 1.00, 95% CI
0.66 to 1.52).

The second review (search date 2006; 17 RCTs, 1133 adults and children) evaluated the early
impact (first 4 hours of treatment) of inhaled corticosteroids versus systemic corticosteroids for
acute asthma patients. [88]  It found no significant difference in hospital admissions between 2 to 4
hours of treatment with inhaled corticosteroids (multiple dose; 3 or more doses at up to 30-minute
intervals) and systemic corticosteroids (2 RCTs, 186 people; 5/93 [5%] with inhaled corticosteroids
v 11/93 [12%] with systemic corticosteroids; OR 0.43, 95% CI 0.14 to 1.28). However, it found that
after 2 to 3 hours of treatment, inhaled corticosteroids (multiple doses) significantly increased dis-
charge rate compared with systemic corticosteroids (2 RCTs, 291 people; 77/142 [54%] with inhaled
corticosteroids v 31/149 [21%] with systemic corticosteroids; OR 6.14, 95% CI 3.38 to 11.16). It
found that inhaled corticosteroids (multiple doses) significantly increased lung function (as measured
by PEFR) at 60, 120, and 180 minutes, compared with systemic corticosteroids (PEFR at 60 minutes:
1 RCT; WMD 17.2, 95% CI 13.3 to 47.7; PEFR at 120 minutes: 1 RCT; WMD 40.8, 95% CI 13.1
to 68.4; PEFR at 180 minutes: 1 RCT; WMD 52.7, 95% CI 21.4 to 84.0; absolute results and
number of people in analyses not reported). Similar results in favour of inhaled corticosteroids were
found when lung function was measured by FEV1.

In the small additional RCT (40 adults aged 18–55 years with asthma exacerbation requiring hos-
pital admission; PEFR <50% predicted while in emergency department), treatment for the first 48
hours was with regular nebulised and then inhaled salbutamol plus methylprednisolone 40 mg in-
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travenously every 6 hours for eight doses. [90]  People were then randomised to inhaled flunisolide
(8 puffs twice daily, 250 micrograms/puff) or oral prednisolone 40 mg daily for 7 days. The RCT
found no significant difference between inhaled and oral corticosteroids in FEV1 or symptoms
(change in FEV1, baseline to 7 days: from 1.6 L to 1.3 L with inhaled corticosteroids v from 1.6 L
to 2.3 L with oral corticosteroids; P = 0.33; change in symptoms scores [no details of scoring system
reported]: from 1.4 to 0.7 with inhaled corticosteroids v from 1.3 to 0.4 with oral corticosteroids;
P = 0.39).

Harms: Inhaled corticosteroids versus placebo:
The first review found no significant difference between the groups in tremor (1 RCT; 94 people:
25/47 [53%] with inhaled corticosteroids v 18/47 [38%] with control; RR 1.39, 95% CI 0.88 to 2.18)
or nausea and vomiting (1 RCT; 94 people: 1/47 [2%] with inhaled corticosteroids v 3/47 [6%] with
control; RR 0.33, 95% CI 0.04 to 3.09). [87] The second review gave no information on adverse
effects but reported that there were no serious adverse effects reported in the RCTs identified. [88]

Inhaled corticosteroids versus systemic corticosteroids:
The first review reported that, due to insufficient and varied reporting in RCTs identified, adverse
effects of treatment could not be assessed. [89] The review reported that the rate of adverse effects
was low in identified RCTs. [89] The second review gave no information on adverse effects but re-
ported that there were no serious adverse effects reported in the RCTs identified. [88] The RCT
gave no information on adverse effects. [90] See also harms of inhaled corticosteroids in review on
asthma and other wheezing disorders in children.

Comment: None.

OPTION INHALED PLUS ORAL CORTICOSTEROIDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with oral corticosteroids alone Inhaled plus oral corticosteroids and oral corticosteroids alone seem
equally effective at reducing relapse rates at days 7 to 10 or days 20 to 24 after emergency department discharge
in people with acute asthma (moderate-quality evidence).

Lung function
Compared with oral corticosteroids alone Inhaled plus oral corticosteroids and oral corticosteroids alone seem
equally effective at improving lung function (FEV1) in people with acute asthma (moderate-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Inhaled plus oral corticosteroids versus oral corticosteroids alone:
We found one systematic review [91]  and two subsequent RCTs. [92] [93] The systematic review
(search date 2003; 3 RCTs, 909 adults) found no significant difference between inhaled plus oral
corticosteroids and oral corticosteroids alone after emergency department discharge after acute
asthma in relapse rates at days 7 to 10 or days 20 to 24 (days 7–10: OR 0.72, 95% CI 0.48 to 1.10;
days 20–24: OR 0.68, 95% CI 0.46 to 1.02). [91]

The first subsequent RCT (104 adults with acute asthma, mean FEV1  43% predicted) compared
a combination of budesonide 320 micrograms plus formoterol 9 micrograms (2 inhalations repeated
twice) versus eight inhalations of salbutamol 100 micrograms. [92]  All participants also received
prednisolone 60 mg 90 minutes after inhaled treatment. The RCT found no significant difference
in FEV1 at 3 hours between the groups (average increase in FEV1 from baseline: 30% with
budesonide plus formoterol v 32% with salbutamol; P = 0.66). [92]

The second subsequent RCT (115 adolescents and adults with acute asthma [mean FEV1 40% of
predicted normal] who were unresponsive to short-acting beta2 agonists) compared budesonide
320 micrograms plus formoterol 9 micrograms (2 inhalations repeated twice) versus formoterol
9 micrograms (2 inhalations repeated twice). All participants received oral prednisolone. The RCT
found that both budesonide plus formoterol and formoterol alone improved lung function at 90
minutes, but there was no significant difference between the groups (mean % change in FEV1 from
baseline: 17.4% with budesonide plus formoterol v 16.5% with formoterol alone; P = 0.74). [93]

Harms: Inhaled plus oral corticosteroids versus oral corticosteroids alone:
The review commented that most of the RCTs identified gave little information on adverse effects
apart from reporting that they were "rare". [91]

The RCT comparing budesonide plus formoterol versus salbutamol in people taking oral corticos-
teroids found that the mean pulse rate was significantly higher after treatment with salbutamol
compared with budesonide plus formoterol (mean pulse rate: 88 beats per minute with budesonide
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plus formoterol v 92 beats per minute with salbutamol; mean difference –4.6 beats per minute, CI
–7.3 beats per minute to –1.8 beats per minute; P <0.01). [92]  However, this difference is unlikely
to be clinically important.

The RCT comparing budesonide plus formoterol versus formoterol reported that nine people (16%)
from each group had mild adverse effects such as tremor and headache. [93]

Comment: Inhaled corticosteroids reduce admission rates in people with acute asthma but the benefit of routine
use in addition to oral corticosteroids is uncertain. Inhaled corticosteroids show early beneficial
effects after 2 to 4 hours of treatment when they are used in multiple doses administered in time
intervals of less than 30 minutes.

OPTION ADDING ANTICHOLINERGICS (IPRATROPIUM BROMIDE) TO BETA2 AGONISTS. . . . . . . . .

Lung function
Compared with beta2 agonists alone Anticholinergics plus beta2 agonists seem more effective at improving lung
function (spirometric parameters and PEFR) in people with acute asthma (moderate-quality evidence).

Hospital admissions
Compared with beta2 agonists alone Anticholinergics plus beta2 agonists seem more effective at reducing hospital
admission rates in people with acute asthma (moderate-quality evidence).

For GRADE evaluation of interventions for asthma in adults,  see table , p 43 .

Benefits: Ipratropium bromide plus beta2 agonists versus beta2 agonists alone:
We found one systematic review, [94]  one additional RCT, [95]  and one subsequent RCT. [96] The
systematic review (search date 2005; 16 RCTs in adults, 2047 people) compared adding anticholin-
ergic drugs (single or multiple doses) to inhaled beta2 agonists versus beta2 agonists alone. Iprat-
ropium bromide was used in 13 RCTs, oxitropium bromide was used in two RCTs, and glycopyrrolate
was used in one RCT. The review found that the addition of inhaled anticholinergic drugs to beta2
agonists significantly reduced hospital admissions compared with beta2 agonists alone (9 RCTs,
1556 adults; RR 0.68, 95% CI 0.53 to 0.86, P = 0.0002; NNT 14, 95% CI 9 to 30). The review also
found that combined treatment significantly improved spirometric parameters compared with beta2
agonists alone (16 RCTs, standard mean difference in spirometric measurements: –0.36, 95% CI
–0.23 to –0.49; P <0.0001). [94]

The additional RCT (172 people presenting to the emergency department with FEV1  <50% predict-
ed) compared three treatments: salbutamol (albuterol) plus ipratropium bromide plus flunisolide;
salbutamol plus ipratropium bromide; and salbutamol plus flunisolide. [95]  It found that salbutamol
plus ipratropium plus flunisolide significantly improved PEFR at 3 hours compared with salbutamol
plus flunisolide (% predicted: 70% with salbutamol plus ipratropium plus flunisolide v 62% with
salbutamol plus flunisolide; P = 0.03).

The subsequent RCT (63 adults with acute asthma presenting to an emergency department with
FEV1 <70% predicted) compared continuous nebulised albuterol (7.5 mg/hour) plus ipratropium
bromide (1 mg/hour) versus nebulised albuterol alone (7.5 mg/hour) for 2 hours. [96]  It found no
significant difference between albuterol plus ipratropium bromide and albuterol alone in mean im-
provement in PEFR at 60 minutes, at 120 minutes, or for the time period of 60–120 minutes (im-
provement in PEFR 0–60 minutes: 86.6 L/minute with albuterol plus ipratropium bromide v
93.2 L/minute with albuterol alone; improvement in PEFR 0–120 minutes: 126.4 L/minute with al-
buterol plus ipratropium bromide v 116.5 L/minute with albuterol alone; improvement in PEFR
60–120 minutes: 38.5 L/minute with albuterol plus ipratropium bromide v 23.3 L/minute with albuterol
alone; P = 0.46; statistical analysis seems to have been carried out for all time points using ANOVA;
P values for individual time points not reported). The RCT also found no significant difference in
hospital admissions between albuterol plus ipratropium bromide and albuterol alone (8/32 [25%]
with albuterol plus ipratropium bromide v 5/30 [17%] with albuterol alone; OR 1.66, 95% CI 0.48
to 5.80; P = 0.62). The RCT was limited as 89% of people were African American, and the RCT
was not powered to detect a difference in admission rates between the groups.

Harms: Ipratropium bromide plus beta2 agonists versus beta2 agonists alone:
The review found no significant difference in heart rate between anticholinergic drugs plus beta2
agonists compared with beta2 agonists alone (heart rate: WMD –2.07 beats per minute, 95% CI
–4.35 beats per minute to +0.21 beats per minute; P = 0.07). [94] The additional and subsequent
RCTs gave no information on adverse effects. [95] [96]

Comment: None.
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OPTION SYSTEMIC CORTICOSTEROIDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with placebo Systemic corticosteroids are more effective at reducing relapse rates at 7 to 10 days and
at reducing the use of beta2 agonists in people with acute asthma (high-quality evidence).

Oral compared with intramuscular corticosteroids Oral and intramuscular corticosteroids seem equally effective at
reducing relapse rates in people with asthma (moderate-quality evidence).

Compared with inhaled corticosteroids We don’t know whether systemic corticosteroids are more effective at reducing
symptom scores and relapse rates at days 7 to 10 after emergency department discharge in people with acute
asthma (low-quality evidence).

Lung function
Compared with placebo Systemic corticosteroids seem no more effective at improving lung function in people with
acute asthma (moderate-quality evidence).

Oral compared with intramuscular corticosteroids The oral corticosteroid prednisolone is more effective than the in-
tramuscular corticosteroid triamcinolone at improving FEV1  in people with acute asthma (moderate-quality evidence).

Compared with inhaled corticosteroids We don’t know whether systemic corticosteroids are more effective at improving
lung function (PEFR and FEV1) in people with acute asthma (very low-quality evidence).

Hospital admissions
Compared with placebo Systemic corticosteroids are more effective at reducing hospital admissions rates in people
with acute asthma (moderate-quality evidence).

Compared with inhaled corticosteroids We don’t know whether systemic corticosteroids are more effective at reducing
hospital admissions in people with acute asthma after 2 to 4 hours of treatment (low-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Systemic corticosteroids versus placebo:
We found two systematic reviews [97] [98]  and one subsequent RCT. [99] The meta-analyses in the
systematic reviews had no RCTs in common.

The first review (search date 1991; 5 RCTs, 422 people) found that early use of systemic corticos-
teroids (oral, iv, or im) significantly reduced hospital admissions compared with placebo in the
emergency department (OR 0.47, 95% CI 0.27 to 0.79). [97]

The second review (search date 2006; 6 RCTs, 374 people) compared systemic corticosteroids
(im or oral) versus placebo given either in the emergency department or after discharge. [98]  It
found that systemic corticosteroids significantly reduced relapse rate at 7 to 10 days (5 RCTs, 329
people; 11/174 [6%] with systemic corticosteroids v 27/155 [17%] with placebo; RR 0.38, 95% CI
0.20 to 0.74; NNT 10, 95% CI 8 to 23). A sensitivity analysis of "high-quality" studies also showed
that systemic corticosteroids significantly reduced relapse rate at 7 to 10 days compared with
placebo (4 RCTs, 273 people; 9/144 [6%] with systemic corticosteroids v 19/129 [15%] with
placebo; RR 0.45, 95% CI 0.21 to 0.96).The systematic review found that systemic corticosteroids
significantly reduced hospital readmissions compared with placebo (4 RCTs, 210 people: 5/111
[5%] with systemic corticosteroids v 14/99 [14%] with placebo; RR 0.35, 95% CI 0.13 to 0.95; NNT
11, 95% CI 9 to 143). It also found that systemic corticosteroids significantly reduced the use of
beta2 agonists compared with placebo (2 RCTs, 133 people; –3.31 puffs/day, 95% CI –5.59 puffs/day
to –1.03 puffs/day). It found no significant difference in pulmonary function tests (PFTs) at 2 to 3
days and 7 to 10 days between systemic corticosteroids and placebo (PFTs 2–3 days: 2 RCTs,
71 people; SMD +0.48, 95% CI –1.19 to +2.15; PFTs 7–10 days: 3 RCTs, 78 people; SMD +0.09,
95% CI –0.46 to +0.63).

The subsequent RCT (259 adults and children, all given nebulised salbutamol for 5–20 minutes
1–3 times) compared single-dose oral prednisolone (30 mg if aged <5 years or 60 mg if >5 years)
versus placebo given in the emergency or outpatient department. [99]  It found that oral prednisolone
significantly reduced hospital admission rate compared with placebo (37/140 [26%] with prednisolone
v 50/119 [42%] with placebo; P <0.01).

Oral versus intramuscular corticosteroids:
We found two RCTs comparing oral versus intramuscular corticosteroids. [100] [101] The first RCT
(180 adults with asthma) compared an intramuscular injection of methylprednisolone 160 mg versus
an 8-day tapering dose of oral methylprednisolone 160 mg . [100] The RCT found that the relapse
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rate was similar for both groups (13/92 [14.1%] with im methylprednisolone v 12/88 [13.6%] with
oral methylprednisolone; difference +0.5%, 95% CI –9.6% to +10.6%).

The second RCT (88 adolescents and adults with acute asthma) compared oral prednisolone 40 mg
daily for 1 week versus long-acting intramuscular triamcinolone 40 mg/day for 3 days. [101] The
RCT found that prednisolone significantly improved FEV1  compared with triamcinolone (change
in FEV1: 68% with prednisolone v 53% with triamcinolone; P = 0.04). [101]

Systemic versus inhaled corticosteroids:
See benefits of inhaled corticosteroids, p 18 .

Harms: Systemic corticosteroids can cause the same adverse effects in asthma as in other diseases, even
when given for a short time (see review on asthma and other wheezing disorders in children).

Systemic corticosteroids versus placebo:
The first systematic review [97]  and the RCT [99]  gave no information on adverse effects.The second
systematic review found no significant difference in adverse effects between systemic corticosteroids
and placebo (2 RCTs, 132 people; 17/172 [24%] with systemic corticosteroids v 15/60 [25%] with
placebo; RR 0.96, 95% CI 0.53 to 1.74); however, the authors of the systematic review noted sig-
nificant heterogeneity among studies (P = 0.04; significance for P value for heterogeneity not de-
fined). [98] The authors of the systematic review noted that an insufficient number of RCTs reporting
adverse effects were available to provide meaningful sensitivity or subgroup comparisons or firm
conclusions.

Oral versus intramuscular corticosteroids:
The RCTs gave no information on adverse effects. [100] [101]

Systemic versus inhaled corticosteroids:
See harms of inhaled corticosteroids, p 18 .

Comment: Stopping treatment:
We found no systematic review but found one RCT (35 people admitted to hospital with acute
asthma who received prednisolone 40 mg for 10 days). [102]  It found no significant difference in
morning PEFR between tapering of prednisolone over 1 week and abrupt stopping (mean increase
in PEFR: 45 L/minute with tapering v 43 L/minute with abrupt stopping; P = 0.82). [102]

Optimal dose and duration of treatment:
We found no systematic review. One RCT (20 people) compared 1 week versus 2 weeks of oral
prednisolone after a 3-day course of intravenous methylprednisolone, and found no difference in
PEFR and relapse rates. [103]  A second RCT (47 people, 41 analysed) compared 5 days versus
10 days of oral prednisolone in people who had been hospitalised with acute asthma. [104]  It found
no significant difference in lung function. All three RCTs may have lacked power to detect a clini-
cally important difference. The optimal duration of treatment is likely to depend on the individual,
the severity of the exacerbation, and use of concomitant medications.

OPTION SPACER DEVICES/HOLDING CHAMBERS FOR DELIVERING BETA2 AGONISTS. . . . . . . . .

Lung function
Compared with metered-dose devices Beta2 agonists delivered by spacer devices/holding chambers are no more
effective at improving lung function (PEFR) in people with acute but not life-threatening asthma (high-quality evidence).

Spacer devices/holding chambers plus metered-dose inhalers compared with nebulisers Beta2 agonists delivered
by metered-dose inhalers via spacer devices/holding chambers and by nebulisers seem equally effective at improving
lung function (PEFR and FEV1) in people with asthma and airways disease in the emergency department setting
(moderate-quality evidence).

Hospital admissions
Compared with metered-dose devices Beta2 agonists delivered by spacer devices/holding chambers seem no more
effective at reducing hospital admissions in people with acute but not life-threatening asthma (moderate-quality evi-
dence).

For GRADE evaluation of interventions for asthma in adults,  see table, p 43 .

Benefits: Spacer devices/holding devices plus metered-dose inhalers versus nebulisers for delivering
beta2 agonists:
We found two systematic reviews. [105] [106] The first systematic review (search date 2006; 25
RCTs with 2066 children and 614 adults from emergency department and community settings; 6
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RCTs with 213 hospitalised children and 28 adults with acute asthma) compared holding chambers
plus metered-dose inhalers versus nebulisers for delivering beta2 agonists. [105]  Results in adults
and children were analysed separately (see review on asthma and other wheezing disorders in
children). The review found no significant difference between devices in hospital admissions, pul-
monary function, or time spent in the emergency department (PEFR for most severely affected
adults with FEV1  <30% predicted; 4 RCTs; WMD +1.6% predicted, 95% CI –7.7% predicted to
+4.5% predicted; hospital admission: OR 0.88, 95% CI 0.56 to 1.38; time in emergency department:
WMD +0.02 hours, 95% CI –0.4 hours to +0.4 hours). [105]

The second systematic review, done as part of a consensus guidelines process (search date 2000),
compared holding chambers plus metered-dose inhalers versus nebulisers for delivering beta2
agonists in adolescents and adults with acute asthma, COPD, or both. [106] The review included
RCTs of both adults and children, but carried out a subgroup analysis of adults for some outcomes
and clinical settings.The review found no significant difference in pulmonary function after treatment
with beta2 agonists delivered by nebuliser compared with a metered-dose inhaler in the emergency
department setting (PEFR: 3 RCTs,132 adults; WMD +0.14 L/minute, 95% CI –0.20 L/minute to
+0.48 L/minute; FEV1; 6 RCTs, 360 adults: WMD +0.05 mL, 95% CI –0.16 mL to +0.27 mL). The
results of many outcomes are, however, difficult to extrapolate and quantify as many of the analyses
combined all age groups as well as both airway diseases. Allowing for this caveat, the results of
the review concur with the data presented here for asthma alone.

Harms: Spacer devices/holding devices plus metered-dose inhalers versus nebulisers for delivering
beta2 agonists:
The first review found no significant difference between devices in pulse rate after treatment in
adults (search date 2006; 7 RCTs, 376 adults; WMD % rise in pulse rate from baseline –1.23%,
95% CI –4.1% to +1.6%; P = 0.4). [105] The second review found no significant difference between
nebuliser use and metered-dose inhaler use in pulse rate after treatment (3 RCTs, 138 adults;
WMD –0.29, 95% CI –0.65 to +0.08). [106]

Comment: The first review found no evidence of publication bias. [105] To overcome possible dose confounding,
the review was confined to studies that used multiple treatment doses titrated against the individuals'
responses. As studies excluded people with life-threatening asthma, results may not be generalisable
to such people.

OPTION CONTINUOUS NEBULISED SHORT-ACTING BETA2 AGONISTS. . . . . . . . . . . . . . . . . . . . . . . .

Symptom severity
Compared with on-demand nebulisation Continuous and on-demand nebulisation of the short-acting beta2 agonist
salbutamol seem equally effective at reducing the need for rescue bronchodilators, and at reducing symptom
severity in people with asthma (moderate-quality evidence).

Lung function
Compared with intermittent nebulisation Continuous nebulisation of beta2 agonists seems more effective at improving
lung function (PEFR and FEV1) in people with acute asthma (moderate-quality evidence).

Compared with on-demand nebulisation Continuous and on-demand nebulisation of the short-acting beta2 agonist
salbutamol seem equally effective at improving PEFR in people with asthma (moderate-quality evidence).

Compared with nebulised magnesium sulphate We don’t know whether the beta2 agonist salbutamol is more effective
at improving lung function in people with severe asthma (low-quality evidence).

Hospital admissions
Compared with intermittent nebulisation Continuous nebulisation of beta2 agonist is more effective at reducing hos-
pital admissions in people with acute asthma (moderate-quality evidence).

Compared with on-demand nebulisation Continuous nebulisation of the short-acting beta2 agonist salbutamol may
be less effective at reducing hospital stay and the total number of nebulisations needed in people with asthma (low-
quality evidence).

Compared with nebulised magnesium sulphate We don’t know whether the short-acting beta2 agonist salbutamol is
more effective at reducing the number of hospital admissions in people with severe asthma (low-quality evidence).

For GRADE evaluation of interventions for asthma in adults,  see table , p 43 .

Benefits: Continuous versus intermittent nebulised short-acting beta2 agonists:
We found one systematic review (search date 2008; 8 RCTs, 461 adults and children) comparing
continuous versus intermittent nebulised short-acting beta2 agonists. [107]  Outcomes were assessed
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at variable time points. The review found that continuous nebulised short-acting beta2 agonists
significantly reduced hospital admissions compared with intermittent nebulised beta2 agonists for
all people, and for people with moderate to severe asthma (all people: 8 RCTs, 461 people; 51/229
[22%] with continuous nebulisation v 75/232 [32%] with intermittent nebulisation; RR 0.68, 95% CI
0.51 to 0.92; moderate to severe asthma: 5 RCTs, 341 people; 44/169 [26%] with continuous
nebulisation v 68/172 [40%] with intermittent nebulisation; RR 0.64, 95% CI 0.47 to 0.87). It also
found that at study end (or as close to 6 hours as possible) continuous nebulised short-acting beta2
agonists significantly improved pulmonary function compared with intermittent nebulised beta2
agonists (PEFR: 5 RCTs, 401 people; SMD 0.33, 95% CI 0.13 to 0.53; absolute FEV1 : 4 RCTs,
237 people; SMD 0.37, 95% CI 0.12 to 0.63; predicted FEV1: 5 RCTs, 257 people; SMD 0.28, 95%
CI 0.03 to 0.53).

Continuous versus on-demand nebulised short-acting beta2 agonists:
We found two RCTs (46 adults in the first RCT and 64 in the second) addressing the slightly different
but related question of regular nebulised salbutamol 2.5 to 5.0 mg every 4 hours compared with
on-demand salbutamol 2.5 to 5.0 mg. [108] [109] The first RCT found that on-demand dosage sig-
nificantly reduced hospital stay and the number of nebulisations (hospital stay: 3.7 days with on-
demand salbutamol v 4.7 days with regular salbutamol; proportion of nebulisations, geometric
mean: 7.0 with on-demand salbutamol v 14 with regular salbutamol; P = 0.003).

The second RCT compared regular nebulised salbutamol 2.5 mg every 4 hours plus on-demand
salbutamol versus placebo plus on-demand salbutamol. All people received systemic corticosteroids.
The RCT found no significant difference in PEFR, symptoms, or need for rescue bronchodilators
between the groups (median change in % predicted PEFR: 28% with regular salbutamol v 25%
with on-demand salbutamol; P = 0.93; median change in symptom severity score: –4 with both
regular salbutamol and on-demand salbutamol; P = 0.35; median number of rescue treatments:
10.5 with regular salbutamol v 7 with on-demand salbutamol; P = 0.75). However, whereas the
group receiving regular salbutamol required 19 treatments in total, the group receiving on-demand
salbutamol required seven treatments (P = 0.001). [109]

Nebulised short-acting beta2 agonists versus magnesium sulphate:
See benefits of magnesium sulphate (nebulised) versus beta2 agonists, p 28 .

Harms: Continuous versus intermittent nebulised short-acting beta2 agonists:
The review found no significant difference in general adverse effects (e.g., tremor, nausea, and
palpitations) between continuous and intermittent nebulised beta2 agonists (4 RCTs, 292 people;
1/142 [0.7%] with continuous nebulisation v 5/150 [3%] with intermittent nebulisation; RR 0.20,
95% CI 0.03 to 1.55). It also found no significant difference between continuous and intermittent
nebulised short-acting beta2 agonists in pulse rate, or blood pressure (pulse rate: 5 RCTs, 373
people; WMD –2.87, 95% CI –6.07 to +0.34; blood pressure: 2 RCTs, 212 people; WMD –1.75,
95% CI –5.55 to +2.05). However, the authors of the systematic review note that an insufficient
number of RCTs reporting adverse effects were available to provide meaningful sensitivity or sub-
group comparisons, or firm conclusions about adverse effects. [107]

Continuous versus on-demand nebulised short-acting beta2 agonists:
The first RCT found that on-demand salbutamol significantly reduced the proportion of people with
palpitations compared with regular salbutamol (1/22 [4%] with on-demand salbutamol v 7/24 [29%]
with regular salbutamol; P <0.05), but found no significant difference between groups in proportion
of people with tremor (4/22 [18%] with on-demand salbutamol v 11/22 [50%] with regular salbutamol;
P = 0.06). The second RCT reported few adverse effects in either group. [109]

Nebulised short-acting beta2 agonists versus magnesium sulphate:
See harms of magnesium sulphate (nebulised) versus beta2 agonists, p 28 .

Comment: None.

OPTION MAGNESIUM SULPHATE (IV). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lung function
Compared with placebo We don't know whether intravenous magnesium sulphate is more effective at improving
lung function in people with acute asthma (very low-quality evidence).

Hospital admissions
Compared with placebo We don't know whether intravenous magnesium sulphate is more effective at reducing
hospital admissions in people with acute asthma (low-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .
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Benefits: Intravenous magnesium sulphate versus placebo:
We found two systematic reviews [110] [111]  with six RCTs in common. The first systematic review
(search date not reported but last substantive amendment 1999; 7 RCTs [2 RCTs in children], 665
people) found no significant difference in hospital admission rates between intravenous magnesium
sulphate and placebo (OR 0.31, 95% CI 0.09 to 1.02; significant heterogeneity among trials). Pre-
specified subgroup analysis of adults with more severe airflow obstruction (5 RCTs, sample size
not reported; FEV1  <30% at presentation, failure to respond to initial treatment, or failure to improve
beyond 60% in FEV1 after 1 hour) found that magnesium sulphate significantly improved PEFR
and reduced rates of hospital admission compared with placebo (hospital admission rates: OR
0.10, 95% CI 0.04 to 0.27; no significant heterogeneity; P >0.1). [110] Two of the RCTs in this review
involved treatment with aminophylline and one with ipratropium, [110]  both of which have been found
to affect hospital admission rates without affecting the degree of airflow obstruction. [112]

The second systematic review (search date 2007; 15 RCTs [5 RCTs in children], 137 people)
compared intravenous magnesium sulphate versus control (saline, dextrose, sterile water, or no
treatment). The time of outcome assessment was not reported. [111]  All people in the RCTs also
received corticosteroids or beta2 agonists, and in seven of the RCTs people also received amino-
phylline, theophylline, ipratropium, or a combination. Only the analyses of the RCTs in adults are
reported here. The systematic review found no significant difference in admissions to hospital be-
tween intravenous magnesium sulphate and control (8 RCTs, 826 adults; 143/403 [35%] with iv
magnesium sulphate v 169/423 [40%] with control; RR 0.87, 95% CI 0.70 to 1.08; P = 0.02). It also
found no significant difference in respiratory function between intravenous magnesium sulphate
and control (9 RCTs, 910 adults; SMD +0.25, 95% CI –0.01 to +0.51; P = 0.05); however, statistical
heterogeneity for this outcome was reported (P <0.00001). The RCTs were heterogeneous with
respect to exclusion criteria, treatment interventions, and outcome measures.

Harms: Intravenous magnesium sulphate versus placebo:
The first review included insufficient studies to draw firm conclusions about adverse effects. [110]

The second review gave no information on adverse effects. [111]

Comment: Further studies are needed to clarify the role of intravenous magnesium sulphate in acute asthma,
and to compare it with standard treatment, including ipratropium and inhaled corticosteroids.

OPTION MECHANICAL VENTILATION FOR SEVERE ACUTE ASTHMA. . . . . . . . . . . . . . . . . . . . . . . . .

Hospital admissions
Compared with no ventilation Non-invasive negative pressure ventilation (NNPV) for 3 hours is more effective than
sham NNPV given through a nasal mask at reducing the number of people admitted to hospital and at increasing
the number of people discharged from the emergency department in people with severe acute asthma (high-quality
evidence).

Note
Evidence from cohort studies support the use of mechanical ventilation, although observational studies suggest that
ventilation is associated with high morbidity.

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Mechanical ventilation versus no ventilation:
We found one systematic review (search date 2004; 1 RCT, 30 adults with severe asthma) com-
paring non-invasive negative pressure ventilation (NNPV) for 3 hours versus subtherapeutic (sham)
NNPV given through a nasal mask. All participants received usual care (regular salbutamol and
ipratropium bromide nebulisation plus intravenous corticosteroids plus oxygen as needed). [113]

The review found that NNPV significantly reduced the proportion of people admitted to hospital
and significantly increased the proportion of people discharged from the emergency department
(admission to hospital: 3/17 [18%] with NNPV v 10/16 [63%] with usual care only; RR 0.28, 95%
CI 0.09 to 0.84; P = 0.02; discharge: 12/17 [71%] with NNPV v 5/16 [31%] with usual care only;
RR 2.26, 95% CI 1.03 to 4.97; P = 0.04).

Harms: Mechanical ventilation versus no ventilation:
The review reported no adverse effects. [113]  Mechanical ventilation is associated with hypotension,
barotrauma, infection, and myopathy, especially when prolonged paralysis is required with muscle
relaxants and systemic corticosteroids. [114]  Adverse effects reported in one retrospective study of
88 episodes of mechanical ventilation were hypotension (20%), pulmonary barotrauma (14%), and
arrhythmia (10%). [115]

Comment: We found one systematic review (search date 2005) evaluating the role of inhaled beta2 agonists
for asthma in mechanically ventilated people. [116]  It found no RCTs.
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Clinical guide:
Experience suggests that mechanical ventilation is a life-saving intervention needed by a small
minority of people with severe acute asthma. Cohort studies [117] [118]  and one case series [119]

found fewer deaths with controlled hypoventilation compared with ventilation in which carbon
dioxide levels were normalised (for which historical cohorts and case series have reported mortal-
ity of 7.5–23.0%). [115] [120] [121] [122]  NNPV has been used in people with acute exacerbations
of chronic obstructive lung disease. [123]  A small study suggests benefit in asthma but requires
prospective validation in larger studies of adults with acute asthma. Future research should also
focus on delivery of bronchodilators, optimal use of muscle relaxants, and dose of corticosteroids.

OPTION SPECIALIST CARE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Hospital admissions
Compared with generalist care A specialist nurse intervention may be of marginal benefit at reducing the number of
people with acute asthma attending the emergency department and at increasing the time to first subsequent
emergency attendance compared with a single visit from a nurse (moderate-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Specialist versus generalist care:
We found one systematic review [124]  and one subsequent RCT. [125] The systematic review (search
date 1995; 2 RCTs in adults, 10 observational studies) found limited evidence that specialist care
improved outcomes compared with generalist care, and that shared care is as effective as usual
outpatient care. [124] The first RCT of adults included in the review (801 people attending a UK
outpatient clinic) excluded people with severe asthma. It found no significant difference for most
outcomes at 12 months between integrated care and regular outpatient care (use of medication,
primary care consultation, hospital admissions, restrictions on normal activity, psychological mor-
bidity, and patient satisfaction; no further data reported).

The second RCT of adults included in the review (245 adults admitted to emergency departments
in the USA) found a significant reduction in emergency department visits at 2 weeks when educa-
tional information was provided by nurses who themselves had asthma compared with nurses who
did not have asthma. [124] The subsequent RCT (cluster randomised: 2 clusters of 22 general
practitioner practices; 324 people aged 4–60 years with acute asthma requiring hospital attendance
or an emergency general practitioner visit, 53% aged <16 years, proportion aged 13–16 years not
reported). [125] The RCT compared a specialist nurse intervention (patient education and medication
review plus discussion about guidelines with general practitioners) versus a single visit from the
nurse to discuss guidelines for asthma (control). It found that the complex nurse intervention in-
creased the time to first subsequent emergency attendance with acute asthma, and reduced the
proportion of people attending for acute asthma, but the benefits did not reach statistical significance
(attendance with acute asthma; median: 194 days with intervention v 126 days with control; HR
for time to next attendance 0.73, 95% CI 0.54 to 1.00; attended with asthma: 58% with intervention
v 68% with control; RR 0.62, 95% CI 0.38 to 1.01).

Harms: Specialist versus generalist care:
The review [124]  and the subsequent RCT [125]  did not report on harms of specialist compared with
generalist care.

Comment: Many of the RCTs and observational studies in the review were small. [124]  One non-systematic
review of RCTs and observational studies found that "expert-based" care improved outcomes
compared with general care. [126]  One quasi-randomised trial (based on day of attendance) identified
by the non-systematic review referred people from the emergency department either to specialist
care or routine general medical follow-up. [127]  It found that people receiving specialist care were
significantly less likely to wake at night or suffer relapse requiring emergency admission by 6 months
(wake at night: OR 0.24, 95% CI 0.11 to 0.52; suffer relapse requiring emergency admission by 6
months; for 1 admission: RR 0.56, 95% CI 0.34 to 0.95; for 2 admissions: RR 0.30, 95% CI 0.16
to 0.60). They were more likely to use inhaled corticosteroids and sodium cromoglycate (inhaled
corticosteroids: OR 3.6, 95% CI 1.9 to 6.6; sodium cromoglycate: RR 2.2, 95% CI 1.9 to 2.5).

OPTION ADDING NEBULISED MAGNESIUM SULPHATE TO INHALED BETA2 AGONISTS. . . . . . . . . .

Lung function
Compared with beta2 agonists alone We don’t know whether nebulised magnesium sulphate plus beta2 agonists is
more effective at improving lung function (PEFR and FEV1) in people with severe asthma (low-quality evidence).

Hospital admissions
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Compared with beta2 agonists alone We don't know whether nebulised magnesium sulphate plus beta2 agonists is
more effective at reducing the number of people admitted to hospital (low-quality evidence).

For GRADE evaluation of interventions for asthma in adults,  see table, p 43 .

Benefits: Adding nebulised magnesium sulphate to beta2 agonists versus beta2 agonists alone:
We found two systematic reviews comparing adding nebulised magnesium sulphate to beta2 agonists
versus beta2 agonists alone. [128] [111]  All the RCTs reported in the first systematic review (search
date not reported but last substantive amendment 2005; 6 RCTs, 296 adults and children) [128]

were also reported in the second systematic review; [111]  however, we report both reviews as one
performed an analysis of outcomes in people with severe asthma. The first systematic review in-
cluded RCTs of both adults and children, but it carried out meta-analyses of adults for some out-
comes. [128] The review found no significant difference between groups in pulmonary function, al-
though function was better in adults receiving the combination (3 RCTs, 161 adults; SMD +0.18,
95% CI –0.13 to +0.50; P = 0.3). Magnesium sulphate plus beta2 agonists significantly improved
pulmonary function in adults with severe asthma (FEV1  or PEFR <50% predicted) compared with
beta2 agonists alone (2 RCTs, 87 adults with severe asthma: SMD 0.55, 95% CI 0.12 to 0.98;
P = 0.01). [128] The proportion of people with severe asthma admitted to hospital was similar in
both groups (2 RCTs, 87 adults with severe asthma: 13/47 [28%] with combined treatment v 18/40
[45%] with beta2 agonists alone; RR 0.62, 95% CI 0.38 to 1.02, P = 0.06). [128]

The second systematic review (search date 2007; 9 RCTs [2 RCTs in children], 532 people) com-
pared nebulised magnesium sulphate versus control (saline solution or distilled water). [111]  People
in six RCTs received beta2 agonists in both the nebulised magnesium sulphate group and the
control group; in the remaining RCT only people in the control group received beta2 agonists. Only
the analyses of the RCTs with adults are reported here. Co-interventions (hydrocortisone, pred-
nisolone, methylprednisolone, or theophylline) were used in six RCTs.The time of outcome assess-
ment was not reported. The systematic review found no significant difference in admissions to
hospital between nebulised magnesium sulphate and control (6 RCTs, 356 adults; 26/187 [14%]
with nebulised magnesium sulphate v 33/169 [20%] with control; RR 0.68, 95% CI 0.46 to 1.02;
P = 0.06). It also found no significant difference in respiratory function between nebulised magnesium
sulphate and control (7 RCTs, 430 adults; SMD +0.17, 95% CI −0.02 to +0.36; P = 0.09).The RCTs
were heterogeneous with respect to exclusion criteria, treatment interventions, and outcome
measures. A sensitivity analysis for respiratory function that excluded the RCT that did not include
beta2 agonists in the treatment group did not alter the results (SMD +0.17, 95% CI −0.05 to +0.39;
P = 0.13).

Harms: Adding nebulised magnesium sulphate to beta2 agonists versus beta2 agonists alone:
The two systematic reviews did not report on adverse effects. [111] [128]

Comment: Both of the systematic reviews found no significant difference in hospital admissions and pulmonary
function between magnesium sulphate plus beta2 agonists and beta2 agonists alone; [111] [128]

however, a subgroup analysis in the first review indicates that adding nebulised magnesium sulphate
to beta2 agonists in people with acute severe asthma could be beneficial. [128]

OPTION MAGNESIUM SULPHATE (NEBULISED). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lung function
Compared with short-acting beta2 agonists alone (salbutamol) We don’t know whether nebulised magnesium sulphate
is more effective at improving lung function in people with severe asthma (low-quality evidence).

Hospital admissions
Compared with short-acting beta2 agonists alone (salbutamol) We don’t know whether nebulised magnesium sulphate
is more effective at reducing the number of hospital admissions in people with severe asthma (low-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Magnesium sulphate alone (nebulised) versus beta2 agonists:
We found one systematic review (search date not reported but last substantive amendment 2005;
6 RCTs, 296 adults and children) comparing isotonic nebulised magnesium sulphate versus
salbutamol. [128] The systematic review found no significant difference in lung function or number
of hospital admission between nebulised magnesium sulphate and salbutamol (1 RCT, 33 people
aged 12−60 years: pulmonary function testing: SMD +0.17, 95% CI –0.51 to +0.86; hospital admis-
sion: 1/16 [6%] with magnesium sulphate v 2/17 [12%] with salbutamol; OR 0.50, 95% 0.04 to
6.12). However, the RCT in the analyses is likely to have been underpowered to detect a clinically
important difference between groups.
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Harms: Magnesium sulphate alone (nebulised) versus beta2 agonists:
The review gave no information on adverse effects. [128]

Comment: None.

OPTION HELIUM–OXYGEN MIXTURE (HELIOX). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lung function
Compared with usual care We don’t know whether helium plus oxygen mixtures (heliox) are more effective than
usual care (air or oxygen) at improving lung function (PEFR) in people with acute asthma (very low-quality evidence).

Hospital admissions
Compared with oxygen Heliox seems no more effective at reducing rates of hospital admission in people with acute
asthma (moderate-quality evidence).

For GRADE evaluation of interventions for asthma in adults, see table , p 43 .

Benefits: Helium–oxygen mixture (heliox) versus air or oxygen:
We found one systematic review [129]  and two subsequent RCTs (reported in 1 publication). [130]

The systematic review (search date 2005; 10 RCTs [3 RCTs included children], 544 people pre-
senting to an emergency department or equivalent for treatment of acute asthma) compared oxygen
plus helium (heliox) versus air or oxygen (control) for 15 to 480 minutes. It found no significant
difference in pulmonary function between heliox and control (7 RCTs, 422 adults; SMD +0.27, 95%
CI –0.04 to +0.58). However, the authors of the systematic review noted significant heterogeneity
for this outcome (P = 0.04), possibly as a result of issues with PEFR measurements (some trials
did not correct for gas density; see comment below). An analysis of people with moderate to severe
pulmonary function impairment (severity not further defined) found that heliox significantly improved
pulmonary function compared with control (3 RCTs, 148 adults; SMD 0.67, 95% CI 0.34 to 1.00).
The systematic review found no significant difference in hospital admission between heliox and
control (7 RCTs, 475 adults and children: 55/238 [23%] with heliox v 67/237 [28%] with control;
RR 0.83, 95% CI 0.63 to 1.08). [129]

The subsequent RCTs compared salbutamol nebulised with heliox (helium:oxygen = 80:20) versus
salbutamol nebulised with oxygen. [130] The first RCT (80 adults) found that heliox significantly
improved PEFR compared with oxygen (% increase in PEFR after third salbutamol treatment: 71%
with heliox v 36% with oxygen; P <0.01). [130] Three treatments of heliox increased the number of
people with PEFR >60% predicted value, but this increase was not significant (OR 2.58, 95% CI
1.03 to 6.46; P = 0.07). There was no significant difference between the groups in the rates of
hospital admission (12/40 [30%] with heliox v 18/40 [45%] with oxygen; P = 0.16). [130] The second
RCT (80 people aged >40 years) found that two doses of salbutamol nebulised with heliox signifi-
cantly improved PEFR compared with salbutamol nebulised with oxygen (results presented
graphically; P <0.05).

Harms: Helium–oxygen mixture (heliox) versus air or oxygen:
One RCT identified by the review found that one person became hypoxic with 70:30 helium–oxygen
mixture (heliox), and another RCT found that one person reported dizziness with heliox. [129] The
two subsequent RCTs gave no information on adverse effects. [130]

Comment: Peak flow readings vary depending on the viscosity of the gas being delivered (helium is less dense
than oxygen, and so non-standardised measures of peak flow will increase relative to air, even if
the mixture has no effect on airway narrowing). It was not clear in all RCTs whether peak flow
readings were standardised for air and for helium–oxygen (heliox) mixtures. [129] [130]  Evidence
for routine use of heliox as a therapeutic option in its own right is currently lacking.

OPTION INTRAVENOUS SHORT-ACTING BETA2 AGONISTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lung function
Compared with inhaled short-acting beta2 agonists Intravenous short-acting beta2 agonists are no more effective at
60 minutes at improving lung function (PEFR) in people with asthma (high-quality evidence).

Note
Intravenous delivery is more invasive than nebulised delivery.

For GRADE evaluation of interventions for asthma in adults,  see table , p 43 .
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Benefits: Intravenous short-acting beta2 agonists versus inhaled short-acting beta2 agonists:
We found one systematic review (search date not reported but last amended date 2001; 15 RCTs,
584 people) comparing intravenous beta2 agonists versus placebo, other intravenous bronchodilators
(i.e., methylxanthines), or other inhaled beta2 agonists. [131] We report the comparison of intravenous
versus inhaled short-acting beta2 agonists here. It found that intravenous beta2 agonists lowered
PEFR at 60 minutes compared with inhaled beta2 agonists, but the difference was not significant
(5 RCTs, 337 people; WMD +24.7 L/minute, 95% CI –2.9 L/minute to +52.0 L/minute). [131]

Harms: Intravenous short-acting beta2 agonists versus inhaled short-acting beta2 agonists:
The review found that intravenous beta2 agonists significantly reduced the proportion of people
with autonomic adverse effects (including palpitations, tachycardia, hypertension, tremor, headache,
nausea, and vomiting) compared with inhaled beta2 agonists (53/153 [35%] with iv beta2 agonists
v 76/144 [53%] with inhaled beta2 agonists; OR 0.38, 95% CI 0.22 to 0.65). [131]  However, the review
found significant heterogeneity between the studies for this analysis, so the harms findings should
be interpreted with caution.

Comment: One systematic review (search date 2000; 15 RCTs) compared intravenous beta2 agonists versus
inhaled beta2 agonists or aminophylline, but it did not compare intravenous versus inhaled beta2
agonists alone. [132]  It found no significant difference between treatments in PEFR at 6 hours (7
RCTs, WMD –3.4, 95% CI –21.6 to +14.7). [132]  Giving drugs by nebuliser is less invasive than
giving medication intravenously.

GLOSSARY
Diurnal variation A characteristic of people with asthma is increased variation in peak flow rates and forced expira-
tory volume in 1 second during the day. The diurnal variation is sometimes expressed as the difference between
maximum and minimum values expressed as a fraction of the maximum value.
Forced expiratory volume in 1 second (FEV1) The volume breathed out in the first second of forceful blowing into
a spirometer, measured in litres.
High-quality evidence Further research is very unlikely to change our confidence in the estimate of effect.
Life-threatening asthma An attack of such severity that the person usually requires management in the emergency
department. Some people require endotracheal intubation and, usually in the initial stages of resuscitation, cannot
inhale bronchodilator treatment.
Low-quality evidence 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.
Moderate-quality evidence Further research is likely to have an important impact on our confidence in the estimate
of effect and may change the estimate.
Peak expiratory flow rate (PEFR) The maximum rate that gas is expired from the lungs when blowing into a peak
flow meter or a spirometer. It is measured at an instant, but the units are expressed as litres per minute.
Salbutamol A short-acting beta2 agonist known as albuterol in the USA.
Shared care Involves sharing care between outpatient specialist and general practitioner.
Very low-quality evidence Any estimate of effect is very uncertain.

SUBSTANTIVE CHANGES
Adding anticholinergics (ipratropium bromide) to beta2 agonists One RCT added found no significant difference
between albuterol plus ipratropium bromide and albuterol alone in improvement in PEFR and in hospital admissions.
[96]  However, the RCT had weak methods and may have been underpowered to detect clinically important differences
between groups. Categorisation unchanged (Beneficial).
Adding long-acting inhaled beta2 agonists to inhaled corticosteroids in people with mild-to-moderate persistent
asthma that is poorly controlled by inhaled corticosteroids One updated systematic review (search date 2006)
found that long-acting inhaled beta2 agonists plus inhaled corticosteroids decreased exacerbations and the need for
rescue medications, and increased the number of symptom-free days, rescue-free days, quality-of-life scores,
morning and evening peak expiratory flow rate (PEFR) and forced expiratory volume in 1 second (FEV1) compared
with leukotriene antagonists plus inhaled corticosteroids. [23]  However, it found no significant difference between the
two groups in hospital admissions. One RCT added comparing salmeterol plus fluticasone versus salmeterol alone
versus fluticasone alone found that, compared with fluticasone alone, salmeterol plus fluticasone improved change
in morning PEF at 12 months, and decreased the need for rescue medication at 12 months; however, it found no
significant difference between the groups in PEF diurnal variation, FEV1, and forced vital capacity. [20]  Categorisation
unchanged (Beneficial).
Continuous nebulised short-acting beta2 agonists One updated systematic review (search date 2008) found that
continuous nebulised short-acting beta2 agonists reduced hospital admissions and improved pulmonary function
compared with intermittent nebulised short-acting beta2 agonists. [107]  Categorisation unchanged (Likely to be bene-
ficial).
Helium–oxygen mixture (heliox) One systematic review updated (search date 2005) [129]  comparing helium–oxygen
mixture (heliox) and oxygen or air (control). It found no significant difference in hospital admission between heliox
and control, and no significant difference in pulmonary function between heliox and control; however, there was
significant heterogeneity for the outcome of pulmonary function. An analysis of people with moderate to severe
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asthma found that heliox improved pulmonary function compared with control. Categorisation unchanged (Unlikely
to be beneficial).
Inhaled corticosteroids One systematic review updated (search date 2005) [87]  and one systematic review added
(search date 2006). [88] The updated systematic review found that inhaled corticosteroids given in the emergency
department in people with acute asthma reduced hospital admission rates and improved lung function compared
with placebo. [87] The new systematic review found that multiple doses of inhaled corticosteroids reduced hospital
admissions and increased discharge rates compared with placebo, and it found a dose response relationship between
inhaled corticosteroids and lung function at 60 and 120 minutes. [88] The review found no significant difference in
hospital admissions between multiple dose inhaled corticosteroids and systemic corticosteroids; however, it found
that multiple dose inhaled corticosteroids increased discharge rates and lung function compared with systemic corti-
costeroids. Categorisation unchanged (Beneficial).
Low-dose inhaled corticosteroids in people with persistent asthma Two systematic reviews added (search
dates 1999 [29]  and 2007 [40] ) and two systematic reviews updated (search date 2005 [38]  and search date 2003).
[39] The first systematic review found no significant difference between budesonide and placebo in lung function, but
found that budesonide reduced the use of inhaled beta2 agonists compared with placebo. [29] The other three sys-
tematic reviews found that low-dose inhaled corticosteroids improved lung function and reduced the need for short-
acting bronchodilators compared with placebo. [40] [38] [39]  Categorisation unchanged (Beneficial).
Short-acting inhaled beta2 agonists as needed in adults with mild or moderate asthma One updated system-
atic review (search date 2002) found no significant difference between regular and as-needed beta2 agonists in
morning PEFR, major exacerbations, daytime and night-time symptom scores, or quality-of-life scores in adults or
children with a diagnosis of asthma for at least 6 months. [51]  However, the review found varying results for FEV1
and rescue bronchodilator use between parallel group and crossover RCTs. In the parallel group RCTs, as-needed
beta2 agonists improved FEV1 compared with regular treatment, but the difference was not significant in the crossover
RCTs. Additionally, in the parallel group RCTs, regular beta2 agonists reduced rescue bronchodilator use over a 24-
hour period compared with as-needed use, but the difference was not significant in the crossover RCTs. Categorisation
unchanged (Beneficial).
Systemic corticosteroids One updated systematic review (search date 2006) found that systemic corticosteroids
reduced relapse rate, hospital readmissions, and use of beta2 agonists compared with placebo; however, it found
no significant difference in pulmonary function test between systemic corticosteroids and placebo. [98]  Categorisation
unchanged (Beneficial).
Adding isotonic nebulised magnesium to inhaled beta2 agonists One systematic review added (search date
2007) found no significant difference in hospital admissions or respiratory function between intravenous magnesium
sulphate and control; however, heterogeneity among RCTs was reported. [111]  In six of the seven RCTs in the review,
people in both the nebulised magnesium sulphate and control groups also received beta2 antagonists. Evidence re-
assessed. Categorisation changed from "Likely to be beneficial" to "Unknown effectiveness".
Education about acute asthma One systematic review (search date 2006) added comparing education versus
usual care in adults who had attended an emergency department for asthma exacerbation. [84]  It found that education
reduced hospital admissions compared with usual care, but it found no significant difference in subsequent presen-
tations to emergency departments, primary care physician urgent visits, primary care physician call outs, quality of
life, physical limitations caused by asthma, or lung function, between education and control. Evidence added at update
does not support evidence previously reported on effects of education about asthma. Considering evidence added
at update, categorisation changed from "Beneficial" to "Unknown effectiveness".
Magnesium sulphate One systematic review (search date 2007) added found no significant difference in hospital
admissions or respiratory function between intravenous magnesium sulphate and control; however, heterogeneity
among RCTs was reported. [111]  Considered with evidence previously reported, categorisation changed from "Likely
to be beneficial" to "Unknown effectiveness".
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TABLE 1 Classification of severity for chronic asthma

In the USA [1]

Asthma is classified by symptoms of severity. Using this system, even people with mild intermittent asthma can develop severe exacerbations if exposed to appropriate stimuli

Symptoms less than weekly with normal or near-normal lung functionMild intermittent asthma

Symptoms more than weekly but less than daily with normal or near-normal lung functionMild persistent asthma

Daily symptoms with mild-to-moderate variable airflow obstructionModerate persistent asthma

Daily symptoms and frequent night symptoms, and moderate to severe variable airflow obstructionSevere asthma

In the UK [2]

Chronic asthma in ambulatory settings is graded according to the amount of medication required to keep symptoms controlled. People are classified according to whether, for symptom control, they need:

Occasional beta2 agonists for symptomatic reliefStep 1

In addition, regular inhaled anti-inflammatory agents (such as inhaled corticosteroids, cromoglycate, or nedocromil)Step 2

In addition, high-dose inhaled corticosteroids or low-dose inhaled steroids plus long-acting inhaled beta2 bronchodilatorStep 3

In addition, high-dose inhaled corticosteroids plus regular bronchodilatorsStep 4

In addition, regular oral corticosteroidsStep 5
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TABLE 2 RCTs comparing adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus increased inhaled corticosteroid dose in people with
mild persistent asthma that is poorly controlled by inhaled corticosteroids [21] [22]

ResultsTreatmentsPopulationRef

Salmeterol plus inhaled corticosteroids significantly increased morning PEFR:
PEFR at 3 months: WMD 22 L/minute, 95% CI 15 L/minute to 30 L/minute; P <0.001
PEFR at 6 months: WMD 28 L/minute, 95% CI 19 L/minute to 36 L/minute
Salmeterol plus inhaled corticosteroids significantly increased days and nights without symptoms at 6 months:
WMD days: 15 days, 95% CI 12 days to 18 days
WMD nights: 5 nights, 95% CI 3 nights to 7 nights
Salmeterol plus inhaled corticosteroids significantly increased the mean number of days and nights without need
for rescue medication at 3 and 6 months:
At 3 months:  days: 17%, 95% CI 14% to 20%; nights: 9%, 95% CI 7% to 11%
At 6 months: days: 20%, 95% CI 17% to 23%; nights: 8%, 95% CI 6% to 11%; P <0.001 for all outcomes
Salmeterol plus inhaled corticosteroids significantly reduced exacerbations:
Exacerbations: P = 0.02; absolute results presented graphically

Adding salmeterol to inhaled corticosteroids
v increased inhaled corticosteroid dose (at
least double the usual dose); duration 3–6
months

9 RCTs, 3685 people with symp-
tomatic asthma on their current
dose of inhaled steroids

[21]

No significant difference in number of people with exacerbations requiring systemic corticosteroids (13 RCTs,
4140 adults):
Exacerbations: 295/2085 (14%) with long-acting beta2 agonists plus inhaled corticosteroids v 334/2055 (16%)
with increased inhaled corticosteroid dose; RR 0.88, 95% CI 0.76 to 1.01; P = 0.07
Long-acting beta2 agonists plus inhaled corticosteroids significantly improved FEV1
FEV1: WMD 0.10 L, 95% CI 0.07 L to 0.12 L; P <0.0001
Long-acting beta2 agonists plus inhaled corticosteroids significantly increased the percentage of symptom-free
days:
Symptom-free days: WMD 11.9%, 95% CI 7.37% to 16.44%; P <0.0001
Long-acting beta2 agonists plus inhaled corticosteroids significantly decreased the daytime use of rescue beta2
agonists:
Daytime use of rescue beta2 agonists: WMD –0.99 puffs/day, 95% CI –1.41 puffs/day to –0.58 puffs/day;
P <0.0001

Adding long-acting beta2 agonists to inhaled
corticosteroids v increased inhaled corticos-
teroid dose (at least double the usual dose);
duration 1 month to 1 year

30 RCTs (27 in adults), 9509 peo-
ple (9342 adults) with persistent
asthma

[22]

FEV1, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.
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TABLE 3 Adding long-acting inhaled beta2 agonists to inhaled corticosteroids versus adding leukotriene antagonists to inhaled corticosteroids in people with
mild persistent asthma that is poorly controlled by inhaled corticosteroids [23]

ResultsInterventionPopulationRef

Long-acting beta2 agonists plus inhaled corticosteroids significantly decreased the proportion of people with exacerbations
compared with leukotriene antagonists plus inhaled corticosteroids:
Proportion of people with exacerbations: 6 RCTs, 5571 adults and adolescents; 251/2777 (9%) with long-acting beta2
agonists plus inhaled corticosteroids v 305/2794 (11%) with leukotriene antagonists plus inhaled corticosteroids; RR 0.83,
95% CI 0.71 to 0.97; P = 0.02
Long-acting beta2 agonists plus inhaled corticosteroids significantly increased morning PEFR, evening PEFR, FEV1, rescue-
free days, and symptom-free days compared with leukotriene antagonists plus inhaled corticosteroids:
Morning PEFR: 10 RCTs, 5669 adults and adolescents; WMD 15.66 L/minute, 95% CI 13.21 L/minute to 18.11 L/minute;
P <0.00001
Evening PEFR: 9 RCTs, 3958 adults and adolescents; WMD 12.09 L/minute, 95% CI 9.26 L/minute to 14.29 L/minute;
P <0.00001
FEV1: 8 RCTs, 4485 adults and adolescents; WMD 0.08 L, 95% CI 0.06 L to 0.10 L; P <0.00001;
Rescue-free days: % change from baseline: 5 RCTs, 2612 adults and adolescents; WMD 9.18%, 95% CI 5.39% to 12.98%;
P <0.00001
Symptom-free days: % change from baseline: 5 RCTs, 2626 adults and adolescents;WMD 6.75%, 95% CI 3.11% to 10.39%;
P = 0.0003
Long-acting beta2 agonists plus inhaled corticosteroids significantly improved Global Asthma Quality of Life scores compared
with leukotriene antagonists plus inhaled corticosteroids:
Global Asthma Quality of Life scores: change from baseline: 3 RCTs, 2893 adults and adolescents; WMD 0.11, 95% CI
0.05 to 0.17; P = 0.0006
Long-acting beta2 agonists plus inhaled corticosteroids significantly decreased need for rescue medications compared with
leukotriene antagonists plus inhaled corticosteroids:
Need for rescue medications: 7 RCTs, 4055 adults and adolescents; WMD −0.49 puffs/day, 95% CI −0.75 puffs/day to
−0.24 puffs/day; P = 0.0001
There was no significant difference between long-acting beta2 agonists plus inhaled corticosteroids and leukotriene antagonists
plus inhaled corticosteroids in the number of people with one or more exacerbations requiring hospital admission:
People with one or more exacerbations requiring hospital admission: 4 RCTs, 3993 adults and adolescents; 13/1984
(0.7%) with long-acting beta2 agonists plus inhaled corticosteroids v 10/2009 (0.5%) with leukotriene antagonists plus inhaled
corticosteroids; RR 1.31, 95% CI 0.58 to 2.98; P = 0.5

Adding long-acting beta2 agonists
(salmeterol or formoterol) to inhaled
corticosteroids v adding leukotriene
antagonists (montelukast or zafir-
lukast) to inhaled corticosteroids;
duration: 4–48 weeks

6030 adults and adolescents
with symptomatic asthma de-
spite inhaled corticosteroids
(400–565 micrograms of be-
clometasone [beclomethasone]
equivalent)

[23]

BD, twice daily; FEV1, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.
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TABLE 4 Systematic reviews and RCTs of low-dose inhaled corticosteroids in people with mild persistent asthma [29] [30] [31] [32] [33] [34] [35] [36] [37] [38]

[39] [41] [42] [43] [44] [45] [46] [47]

ResultsTreatmentsPopulationRef

In the parallel group RCTs, there was no significant difference between budesonide at any dose
and placebo in FEV1, or morning PEFR:
FEV1: 4 RCTs, 103 adults; WMD +0.07 L, 95% CI –0.25 L to +0.40 L
Morning PEFR: 3 RCTs, 94 children; WMD −31 L/minute, 95% CI –67 L/minute to +5.0 L/minute
Similar results for FEV1 and PEFR were found in the crossover studies
In the parallel group RCTs, budesonide at any dose significantly reduced the change in use of inhaled
beta2 agonists compared with placebo:
Change in use of inhaled beta2 agonists: 5 RCTs, 480 adolescents and adults; WMD −0.4
puffs/day, 95% CI −0.8 puffs/day to −0.06 puffs/day

Budesonide 400–1000 micrograms OD v placebo;
duration: 1 week to >6 months

43 RCTs (32 RCTS in adults or adolescents,
11 RCTs in children), 2801 people with non-
oral, steroid-treated asthma

[29]

Budesonide significantly improved morning PEFR and FEV1 compared with placebo:
PEFR difference from placebo: 43.63 L/minute with 200 micrograms v 40.10 L/minute with
400 micrograms; P <0.001
FEV1 difference from placebo: 0.44 L with 200 micrograms v 0.50 L with 400 micrograms; P <0.001

Budesonide Turbohaler 200 or 400 micrograms
BD v placebo; duration: 12 weeks

273 adults, aged 19–70 years, with mild-to-
moderate asthma and poorly controlled with
bronchodilator treatment

[30]

Budesonide significantly improved FEV1 compared with placebo:
FEV1 change from baseline: +0.12 L with 200 micrograms v +0.13 L with 400 micrograms v
–0.03 L with placebo; P <0.01

Budesonide Turbohaler 200 or 400 micrograms
OD v placebo; duration: 6 weeks

309 adults, aged 18–70 years with FEV1
>15% after 2–4 puffs of albuterol; included
people taking (about 40%) and not taking
(about 60%) inhaled corticosteroids

[31]

No significant difference between budesonide and placebo in PEFR:
PEFR change from baseline: +0.14 L with 100 micrograms v +0.23 L with 200 micrograms v
+0.28 L with 400 micrograms v +0.15 with placebo; P value not reported

Budesonide Turbohaler 100, 200, or 400 micro-
grams BD v placebo; duration: 6 weeks

267 adults with mild-to-moderate non-steroid-
dependent asthma

[32]

Budesonide significantly improved FEV1 compared with placebo:
FEV1 change from baseline: +0.31 L with budesonide v +0.17 L with placebo; P = 0.007
Budesonide significantly improved quality of life at 12 weeks compared with placebo:
Difference in Asthma Quality of Life Questionnaire scores: P <0.001

Budesonide Turbohaler 400 micrograms OD v
placebo; duration: 12 weeks

177 adults, aged 18–70 years, with non-
steroid-dependent asthma

[33] [36]

Group A: (treatment in people not already taking corticosteroids)
Budesonide alone significantly reduced the risk of severe asthma exacerbation compared with
placebo:
Risk of exacerbation: RR 0.40, 95% CI 0.27 to 0.59
Budesonide plus formoterol significantly improved FEV1 compared with budesonide alone, but
there was no significant difference in severe exacerbations:
Change in FEV1 as % predicted: 5.87% with budesonide plus formoterol v 4.04% with budesonide
alone; P = 0.0001
Exacerbations/person/year: 0.34 with budesonide plus formoterol v 0.29 with budesonide alone;
P = 0.50.

Group A: budesonide 100 micrograms BD v
budesonide 100 micrograms plus formoterol
4.5 micrograms BD v placebo

2 groups of people, aged >12 years, with mild
asthma: group A: 698 people not taking corti-
costeroids; group B: 1272 people taking low-
dose inhaled corticosteroids

[34]
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ResultsTreatmentsPopulationRef

Group B: (additional treatment in people already taking inhaled corticosteroids)
Adding formoterol to corticosteroids significantly reduced severe asthma exacerbations compared
with doubling the corticosteroid dose:
Exacerbations/person/year: 0.92 with budesonide 100 micrograms BD alone v 0.56 with budes-
onide 100 micrograms BD plus formoterol v 0.36 with budesonide 200 micrograms BD plus formoterol
v 0.96 with budesonide 200 micrograms BD alone; budesonide 100 micrograms BD plus formoterol
v budesonide 200 micrograms BD alone: P = 0.0001

Group B: budesonide 100 micrograms BD v
budesonide 100 micrograms plus formoterol
4.5 micrograms BD v budesonide 200 micrograms
BD v budesonide 200 micrograms plus formoterol
4.5 micrograms BD v placebo plus formoterol
4.5 micrograms; duration: 1 year

Budesonide significantly reduced the risk of a severe asthma-related event compared with placebo
over a period of about 2.4 years:
Severe asthma-related event defined as needing admission or emergency treatment or death
because of asthma: HR 0.56, 95% CI 0.45 to 0.71

Budesonide 400 micrograms OD for adults and
200 micrograms OD for children aged <11 years
v placebo; duration: about 2.4 years

7241 children and adults, aged 5–66 years,
with mild asthma and no previous steroids

[35]

Budesonide significantly improved health-related QOL (Juniper's AQLQ, measured on a 7-point
scale) compared with placebo, in 3 of the 4 domains and in overall score, at weeks 4 and 12
(P <0.001). However, the differences between groups were not of clinical importance:
Mean change over time in overall AQLQ score: +0.29 units with budesonide v –0.29 units with
placebo

Budesonide 400 micrograms OD v placebo; dura-
tion 12 weeks

184 adults, aged 18–70 years, having previ-
ous inhaled corticosteroid therapy for 16
weeks or longer at a constant dose before
study entry

[37]

In parallel group studies, fluticasone 100 micrograms/day significantly improved FEV1, Morning
PEFR, and use of inhaled beta2 agonists:
FEV1: 7 RCTs, 1043 adults: WMD 0.38 L, 95% CI 0.32 L to 0.43 L
Morning PEFR: 8 RCTs, 1352 adults: WMD 22 L/minute, 95% CI 18 L/minute to 26 L/minute
Use of inhaled beta2 agonists: 6 RCTs, 882 adults: WMD −1.4 puffs/day, 95% CI −1.7 puffs/day
to −1.1 puff/day
Results were similar for fluticasone 200 micrograms OD and 500 micrograms OD. Significant im-
provements in the outcomes above were also reported for fluticasone 200 micrograms OD and
500 micrograms OD, compared with placebo

Fluticasone 100 micrograms or less OD v placebo75 RCTs, 14,208 adults and children with
mild, moderate, or severe asthma

[38]

Beclometasone significantly reduced FEV1 and significantly increased changes in morning PEFR
compared with placebo:
FEV1: 1 RCT, 256 adults; WMD 0.40 L, 95% CI 0.26 L to 0.54 L
Morning PEFR: 2 RCTs, 764 adults;WMD 35.09 L/minute, 95% CI 26.29 L/minute to 43.88 L/minute
Beclometasone also significantly reduced the need for rescue beta2 agonists:
Change in need for rescue beta2 agonists: 1 RCT, 508 adults; WMD –2.32 puffs/day, 95% CI
–2.55 puffs/day to –2.09 puffs/day

Beclometasone (beclomethasone) 400 micro-
grams OD or less v placebo

60 RCTs, 6542 adults and children[39]
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ResultsTreatmentsPopulationRef

Ciclesonide 100 micrograms/day or less significantly improved FEV1, morning PEFR, afternoon
PEFR, total asthma symptoms, and change in rescue beta2-agonist use, compared with placebo:
Change in FEV1: 5 RCTs, 1677 people: 0.08 L, 95% CI 0.05 L to 0.11 L
Change in am PEFR: 5 RCTs, 1677 people: 14 L/minute, 95% CI 10 L/minute to 18 L/minute
Change in pm PEFR: 5 RCTs, 1677 people: 12 L/minute, 95% CI 8 L/minute to 16 L/minute
Change in total asthma symptoms: 2 RCTs, 741 adults: SMD −0.39, 95% CI −0.52 to −0.34
Change in rescue beta2-agonist use: 3 RCTs, 908 adults: −0.87 puffs/day, 95% CI −1.36 puffs/day
to −0.37 puffs/day
Significant improvements in the outcomes above were also reported for ciclesonide 200 micro-
grams/day and 400 micrograms/day, compared with placebo (apart from change in rescue beta2-ag-
onist use for ciclesonide 400 micrograms/day v placebo: not reported)

Ciclesonide 100 micrograms/day or less v placebo18 RCTs, 6343 people (including 1692 chil-
dren)

[40]

Triamcinolone significantly improved FEV1 compared with placebo:
FEV1: 2.6 L at baseline to 3.1 L at follow-up with triamcinolone v 2.7 L at baseline to 2.8 L at follow-
up with placebo; P = 0.0001
There was no significant difference between treatments in adverse effects

Triamcinolone acetonide 400 micrograms BD v
placebo; duration: 6 weeks

121 adults with mild-to-moderate asthma who
were poorly controlled with beta2 agonists.
About 50% were using an inhaled corticos-
teroid

[41]

Triamcinolone significantly improved FEV1 compared with placebo:
Change in FEV1 from baseline: +17% with triamcinolone v –0.3% with placebo; P = 0.0007

Triamcinolone acetonide 400 micrograms BD v
placebo; duration: 6 weeks

101 adults, aged 18 years or older, with mild-
to-moderate asthma poorly controlled with
beta2 agonist treatment

[42]

Both formulations of triamcinolone significantly improved FEV1 compared with placebo:
Change in FEV 1 from baseline: +15.9% to +42.5% with triamcinolone, depending on dose and
propellant v +6.8% with placebo; P <0.05
People using HFA or P-12 propellants had similar rates of albuterol use and night-time wakenings
There were 2 serious adverse effects (1 anxiety with P-12 driven 300 micrograms triamcinolone
and 1 acute asthma exacerbation with HFA driven 300 micrograms triamcinolone)

Triamcinolone acetonide 75 micrograms/puff with
an HFA propellant (150, 300, and 600 micro-
grams/day) v triamcinolone acetonide 75 micro-
grams/puff with a chlorofluoroalkane (P-12) pro-
pellant 150, 300, and 600 micrograms/day v
placebo; duration: 8 weeks

514 adults, aged 18 years or older, with FEV1
50–90% predicted

[43]

HFA flunisolide 170 and 340 micrograms significantly improved the percentage increase in FEV1
compared with placebo:
Change in FEV1: 12.2% with HFA flunisolide 170 micrograms v 14.7% with HFA flunisolide
340 micrograms v 5.4% with placebo; P <0.01
CFC flunisolide:
Change in FEV1: increase in FEV1 was about 7% with CFC flunisolide 250 micrograms v about
10% with CFC flunisolide 500 micrograms v 14.6% with CFC flunisolide 1000 micrograms; results
presented graphically
A similar proportion of people reported at least 1 adverse effect with all treatments

Flunisolide with a HFA propellant 85, 170, or
340 micrograms BD v flunisolide with a CFC pro-
pellant 250, 500, or 1000 micrograms BD v
placebo; duration: 12 weeks

669 people, aged 12 years or older, with mild-
to-moderate asthma taking inhaled corticos-
teroids

[44]

Both doses of mometasone significantly improved FEV1 compared with placebo:
Change in FEV1: +0.12 L with 100 micrograms v +0.25 L with 200 micrograms v –0.11 L with
placebo; P <0.01
Beclometasone significantly improved FEV1 compared with placebo:
Change in FEV1: +0.11 L with beclometasone v –0.21 L with placebo; P <0.01
There was no significant difference in FEV1 between mometasone and beclometasone:
Change in FEV 1: +7.4% with mometasone 100 micrograms v +14.0% with mometasone 200 mi-
crograms v +6.5% with beclometasone; P value not reported

Mometasone furoate delivered using dry powder
inhaler (100 and 200 micrograms BD v beclometa-
sone dipropionate 168 micrograms BD v placebo;
duration: 12 weeks

227 people, aged 13–70 years, with moderate
asthma, maintained on inhaled corticosteroids

[45]

© BMJ Publishing Group Ltd 2010. All rights reserved. ............................................................................................................ 40

Asthma in adults
R

esp
irato

ry d
iso

rd
ers (ch

ro
n

ic)



ResultsTreatmentsPopulationRef

Mometasone furoate significantly increased the percentage change in FEV1 compared with
budesonide or placebo:
Change in FEV1: +8.9% with mometasone v +2.1% with budesonide v –3.9% with placebo; P <0.01
for both comparisons
There were no differences between treatments in treatment-related adverse effects (8–9% for all
treatments)

Mometasone furoate (440 micrograms OD by dry
powder inhaler) v budesonide (400 micrograms
OD) v placebo; duration: 8 weeks

262 adults, aged 18–82 years, with moderate
persistent asthma previously using BD in-
haled corticosteroids

[46]

Mometasone furoate significantly increased the percentage change in FEV1 compared with
placebo:
Change in FEV1: 17% with mometasone v 6% with placebo; P <0.01
Mild oral candidiasis occurred in 5% of people taking mometasone furoate v 1% with placebo

Mometasone furoate (200 micrograms OD by dry
powder inhaler) v placebo; duration: 12 weeks

196 adults and adolescents with mild-to-
moderate persistent asthma, previously using
only short-acting beta2 agonists

[47]

AQLQ, Asthma Quality of Life Questionnaire; BD, twice daily; CFC, chlorofluorocarbon; FEV1, forced expiratory volume in 1 second; HFA, hydrofluoroalkane; OD, once daily; PEFR, peak expiratory flow rate.
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TABLE 5 RCTs of leukotriene antagonists versus corticosteroids in people with mild-to-moderate persistent asthma not taking inhaled corticosteroids [67] [68]

[69] [70]

ResultsInterventionPopulationRef

Leukotriene antagonists significantly increased the risk of asthma exacerbations requiring systemic
steroids compared with inhaled corticosteroids (18 RCTs):
Proportion of people with exacerbations: 254/2529 (10%) with any leukotriene antagonist v 128/2436
(5%) with inhaled corticosteroids; RR 1.65, 95% CI 1.36 to 2.00.
There were significantly fewer symptom-free days at 6 weeks with leukotriene antagonists than with
inhaled corticosteroids (5 RCTs):
Symptom-free days: WMD 9%, 95% CI 7% to 13%; absolute results not reported.
There was no significant difference between leukotriene antagonists and inhaled corticosteroids in
hospital admission rates for acute exacerbations (13 RCTs):
Hospital admission rates: 10/1641 (0.6%) with any leukotriene antagonist v 5/1548 (0.32%) with
inhaled corticosteroids; RR 1.62, 95% CI 0.64 to 4.15

Leukotriene antagonists (montelukast, pranlukast,
zafirlukast) v inhaled corticosteroids (beclometa-
sone, fluticasone) for 4–37 weeks

15 RCTs in adults, 3 RCTs in children,
4965 people, FEV1 >50% predicted

[67]

There was no significant difference between montelukast alone and either dose of budesonide in
FEV1 at 12 weeks:
% predicted FEV 1 for baseline to after treatment: from 94.8% to 96.3% with montelukast v from
99.9% to 100.4% with budesonide 400 mg v from 99.2% to 98.9% with budesonide 800 micrograms;
reported as not significant, P values not reported

Montelukast 10 mg daily v budesonide 400 micro-
grams BD v  montelukast 10 mg plus budesonide
400 micrograms BD v budesonide 800 micrograms
BD

51 non-smokers, mean age 26 years,
baseline FEV1 94–99% predicted across
treatment groups, taking a short-acting
beta2 agonist as needed

[68]

At the end of 1 year, zafirlukast produced no clinically important improvement in any outcome
whereas budesonide did:
Pre-bronchodilator FEV1: 1.1% with zafirlukast v 4% with budesonide v 0.7% with placebo; P = 0.005
for the difference among groups
Number of symptom-free days: 3.1 with zafirlukast v 4.0 with budesonide v 2.9 with placebo; P = 0.03
for the difference among groups

Zafirlukast 20 mg BD v inhaled budesonide
200 micrograms BD v placebo

225 adults, 199 completed the study,
mean age 33 years, baseline FEV1 88%
predicted

[69]

There was no significant difference between adding montelukast and increasing budesonide dose in
symptoms, rescue medication, or lung function measurements at 6 weeks (reported as not significant;
absolute results tabulated). However, the RCT may have been underpowered to detect clinically im-
portant differences between groups

Low-dose budesonide 400 micrograms/day plus
montelukast 10 mg/day v high-dose budesonide
800 micrograms/day

30 people[70]

BD, twice daily; FEV1, forced expiratory volume in 1 second.
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TABLE GRADE evaluation of interventions for asthma in adults

Symptom severity (excluding lung function), lung function (as assessed by PEFR and FEV1), hospital admission, adverse effects, quality of lifeImportant outcomes

CommentGRADE

Ef-
fect
size

Direct-
ness

Con-
sis-

tency
Quali-

ty

Type
of evi-
denceComparisonOutcome

Number of studies (partic-
ipants)

What are the effects of treatments for chronic asthma?

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v inhaled corticos-
teroids

Symptom severityAt least 13 RCTs (at least
3812 people) [17] [20]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v inhaled corticos-
teroids

Lung function12 (3943) [17] [18] [19]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v increased inhaled
corticosteroid dose

Symptom severityAt least 30 RCTs (at least
9342 people) [21] [22]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v increased inhaled
corticosteroid dose

Lung functionAt least 30 RCTs (at least
9342 people) [21] [22]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v leukotriene antago-
nists plus inhaled corticosteroids

Symptom severityAt least 7 RCTs (at least
5571 people) [23]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v leukotriene antago-
nists plus inhaled corticosteroids

Lung functionAt least 10 RCTs (at least
5669 people) [23]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v leukotriene antago-
nists plus inhaled corticosteroids

Quality of life3 (2893) [23]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Long-acting inhaled beta2 agonists plus in-
haled corticosteroids v leukotriene antago-
nists plus inhaled corticosteroids

Hospital admissions4 (3993) [23]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Low-dose inhaled corticosteroids v placeboSymptom severityAt least 17 RCTs (at least
11,989 people) [29] [34]

[35] [38] [39] [40]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Low-dose inhaled corticosteroids v placeboLung functionAt least 31 RCTs (at least
7660 people) [30] [31]

[32] [33] [34] [36] [38]

[39] [40] [41] [42] [43]

[44] [45] [46] [47]

High00004Low-dose inhaled corticosteroids v placeboQuality of life2 (361) [33] [36] [37] [133]

Quality point deducted for sparse data. Direct-
ness point deducted for indirect comparison

Low0−10−14Low-dose inhaled corticosteroids v beta2
agonists

Lung function2 (141) [48]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Regular v as-needed short-acting beta2 ag-
onists

Symptom severityAt least 10 RCTs (at least
2922 people) [51]
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Symptom severity (excluding lung function), lung function (as assessed by PEFR and FEV1), hospital admission, adverse effects, quality of lifeImportant outcomes

CommentGRADE

Ef-
fect
size

Direct-
ness

Con-
sis-

tency
Quali-

ty

Type
of evi-
denceComparisonOutcome

Number of studies (partic-
ipants)

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Regular v as-needed short-acting beta2 ag-
onists

Lung function11 (2756) [51]

Quality point deducted for wide confidence inter-
vals

Moderate000−14Regular v as-needed short-acting beta2 ag-
onists

Quality of life1 (225) [51]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Leukotriene antagonists v placeboSymptom severity6 (2444) [61] [62] [63] [64]

[65] [66]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Leukotriene antagonists v placeboLung function5 (2298) [61] [63] [64] [65]

[66]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Leukotriene antagonists v placeboQuality of life1 (454) [63]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Leukotriene antagonists v inhaled corticos-
teroids

Symptom severity19 (5164) [67] [68] [69]

[70]

Quality point deducted for incomplete reporting
of results

Moderate000−14Leukotriene antagonists v inhaled corticos-
teroids

Lung function3 (280) [68] [69] [70]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Leukotriene antagonists v inhaled corticos-
teroids

Hospital admissions13 (3189) [67]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Leukotriene antagonists v inhaled corticos-
teroids plus long-acting beta2 agonists

Symptom severity2 (855) [71] [72]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Leukotriene antagonists v inhaled corticos-
teroids plus long-acting beta2 agonists

Lung function1 (432) [72]

Quality points deducted for sparse data and in-
complete reporting of results

Low000−24Theophylline plus inhaled corticosteroids v
placebo plus inhaled corticosteroids

Lung function1 (155) [74]

Quality points deducted for sparse data and in-
complete reporting of results

Low000−24Theophylline plus inhaled corticosteroids v
leukotriene antagonist plus inhaled corticos-
teroids

Lung function1 (64) [75]

Quality point deducted for sparse dataModerate000−14Theophylline plus inhaled corticosteroids v
long-acting beta2 agonists plus inhaled cor-
ticosteroids

Lung function1 (64) [75]

Quality points deducted for sparse data and in-
complete reporting of results

Low000−24Theophylline plus inhaled corticosteroids v
increased inhaled corticosteroid dose

Symptom severity1 (66) [77]

Quality point deducted for incomplete reporting
of results

Moderate000−14Theophylline plus inhaled corticosteroids v
increased inhaled corticosteroid dose

Lung function2 (221) [74] [77]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Leukotriene antagonists plus inhaled corti-
costeroids v placebo plus inhaled corticos-
teroids

Symptom severity3 (988) [79]

Quality point deducted for sparse data. Direct-
ness point deducted for no direct comparison
between groups

Low0−10−14Leukotriene antagonists plus inhaled corti-
costeroids v placebo plus inhaled corticos-
teroids

Lung function1 (31) [80]
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Symptom severity (excluding lung function), lung function (as assessed by PEFR and FEV1), hospital admission, adverse effects, quality of lifeImportant outcomes

CommentGRADE

Ef-
fect
size

Direct-
ness

Con-
sis-

tency
Quali-

ty

Type
of evi-
denceComparisonOutcome

Number of studies (partic-
ipants)

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Leukotriene antagonists plus inhaled corti-
costeroids v increasing inhaled corticosteroid
doses

Symptom severity1 (889) [81]

Directness point deducted for inclusion of ado-
lescents

Moderate0−1004Leukotriene antagonists plus inhaled corti-
costeroids v increasing inhaled corticosteroid
doses

Lung function1 (889) [81]

Quality point deducted for incomplete reporting
of results

Moderate000−14Leukotriene antagonists plus inhaled corti-
costeroids v increasing inhaled corticosteroid
doses

Quality of life1 (889) [81]

What are the effects of treatments for acute asthma?

Quality point deducted for sparse dataModerate000–14Different concentrations of oxygen compared
with each other

Lung function1 (74) [82]

Quality point deducted for incomplete reporting
of results. Consistency point deducted for con-
flicting results

Low00–1–14Self-management education v usual careSymptom severityAt least 17 RCTs (at least
2998 people) [83] [84] [85]

Quality point deducted for incomplete reporting
of results. Consistency points deducted for sta-
tistical heterogeneity

Low00–1–14Self-management education v usual careLung functionAt least 7 RCTs (at least
1072 people) [83] [84]

Quality point deducted for incomplete reporting
of results. Consistency point deducted for statis-
tical heterogeneity

Low00–1–14Self-management education v usual careHospital admissions17 (at least 2418 peo-
ple) [83] [84] [85]

Quality point deducted for incomplete reporting
of results. Consistency point deducted for con-
flicting results

Low00–1–14Self-management education v usual careQuality of life6 (515) [83] [84]

Quality point deducted for incomplete reporting
of results. Consistency point added for dose
response. Directness point deducted for inclu-
sion of children

Moderate0−1+1−14Inhaled corticosteroids v placeboLung functionAt least 5 RCTs (at least
384 people) [87] [88]

Directness point deducted for inclusion of chil-
dren. Effect-size point added for OR <0.5

High+1−1004Inhaled corticosteroids v placeboHospital admissions7 (466) [87] [88]

Quality point deducted for incomplete reporting
of results. Directness point deducted for inclu-
sion of children

Low0−10–14Inhaled corticosteroids v systemic corticos-
teroids

Symptom severityAt least 4 RCTs (at least
684 people) [89] [90]

Quality points deducted for sparse data and in-
complete reporting of results. Consistency point
deducted for conflicting results. Directness point
deducted for inclusion of children

Very low0−1–1–24Inhaled corticosteroids v systemic corticos-
teroids

Lung functionAt least 2 RCTs (at least 40
people) [88] [90]

Quality point deducted for sparse data. Direct-
ness point deducted for inclusion of children

Low0−10−14Inhaled corticosteroids v systemic corticos-
teroids

Hospital admissions2 (186) [88]

Quality point deducted for incomplete reporting
of results

Moderate000–14Inhaled plus oral corticosteroids v oral corti-
costeroids alone

Symptom severity3 (909) [91]

© BMJ Publishing Group Ltd 2010. All rights reserved. ............................................................................................................ 45

Asthma in adults
R

esp
irato

ry d
iso

rd
ers (ch

ro
n

ic)



Symptom severity (excluding lung function), lung function (as assessed by PEFR and FEV1), hospital admission, adverse effects, quality of lifeImportant outcomes

CommentGRADE

Ef-
fect
size

Direct-
ness

Con-
sis-

tency
Quali-

ty

Type
of evi-
denceComparisonOutcome

Number of studies (partic-
ipants)

Directness point deducted for inclusion of ado-
lescents

Moderate0–1004Inhaled plus oral corticosteroids v oral corti-
costeroids alone

Lung function2 (219) [92] [93]

Directness point deducted for inclusion of anti-
cholinergics other than ipratropium bromide

Moderate0–1004Ipratropium bromide plus beta2 agonists v
beta2 agonists alone

Hospital admissions10 (1619) [94] [96]

Directness point deducted for inclusion of anti-
cholinergics other than ipratropium bromide

Moderate0–1004Ipratropium bromide plus beta2 agonists v
beta2 agonists alone

Lung function18 (2282) [94] [95] [96]

Quality point deducted for incomplete reporting
of results. Directness point deducted for inclu-
sion of children. Effect-size point added for RR
<0.5

Moderate+1–10–14Systemic corticosteroids v placeboHospital admissions10 (891) [97] [98] [99]

Effect-size point added for RR <0.5High+10004Systemic corticosteroids v placeboSymptom severityAt least 5 RCTs (at least
329 people) [98]

Quality point deducted for sparse dataModerate000−14Systemic corticosteroids v placeboLung functionAt least 3 RCTs (at least 78
people) [98]

Quality point deducted for sparse dataModerate000–14Oral v intramuscular corticosteroidsSymptom severity1 (180) [100]

Quality point deducted for sparse dataModerate000–14Oral v intramuscular corticosteroidsLung function1 (88) [101]

Quality point deducted for incomplete reporting
of results

Moderate000–14Spacer devices/holding chambers v me-
tered-dose devices

Hospital admissions4 (642) [105]

High00004Spacer devices/holding chambers v me-
tered-dose devices

Lung function4 (642) [105]

Directness point deducted for inclusion of peo-
ple with different airways diseases

Moderate0–1004Spacer devices/holding chambers plus me-
tered-dose inhalers v nebulisers

Lung function9 (492) [106]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Continuous v intermittent nebulised short-
acting beta2 agonists

Hospital admissions8 (461) [107]

Directness point deducted for inclusion of chil-
dren

Moderate0−1004Continuous v intermittent nebulised short-
acting beta2 agonists

Lung functionAt least 5 RCTs (at least
401 people) [107]

Quality point deducted for sparse dataModerate000–14Continuous v on-demand nebulised short-
acting beta2 agonists

Symptom severity1 (64) [109]

Quality point deducted for sparse dataModerate000–14Continuous v on-demand nebulised short-
acting beta2 agonists

Lung function1 (64) [109]

Quality points deducted for sparse data and in-
complete reporting of results

Low000–24Continuous v on-demand nebulised short-
acting beta2 agonists

Hospital admissions2 (110) [108] [109]

Quality point deducted for incomplete reporting
of results. Consistency points deducted for sta-
tistical heterogeneity and conflicting results. Di-
rectness point deducted for use of co-interven-
tions

Very low0−1–2−14Intravenous magnesium sulphate v placeboLung functionAt least 9 RCTs (at least
910 people) [110] [111]

Quality point deducted for incomplete reporting
of results. Directness point deducted for use of
co-interventions

Low0−10–14Intravenous magnesium sulphate v placeboHospital admissionsAt least 8 RCTs (at least
826 people) [110] [111]

© BMJ Publishing Group Ltd 2010. All rights reserved. ............................................................................................................ 46

Asthma in adults
R

esp
irato

ry d
iso

rd
ers (ch

ro
n

ic)



Symptom severity (excluding lung function), lung function (as assessed by PEFR and FEV1), hospital admission, adverse effects, quality of lifeImportant outcomes

CommentGRADE

Ef-
fect
size

Direct-
ness

Con-
sis-

tency
Quali-

ty

Type
of evi-
denceComparisonOutcome

Number of studies (partic-
ipants)

Quality point deducted for sparse data. Effect-
size point added for RR <0.5

High+100–14Mechanical ventilation v no ventilationHospital admissions1 (30) [113]

Directness point deducted for inclusion of chil-
dren

Moderate0–1004Specialist v generalist careHospital admissions1 (324) [125]

Consistency point deducted for heterogeneity
among RCTs. Directness point deducted for
combined regimens

Low0–1–104Magnesium sulphate plus beta2 agonists v
beta2 agonists alone

Lung function7 (430) [128] [111]

Consistency point deducted for heterogeneity
among RCTs. Directness point deducted for
combined regimens

Low0–1–104Magnesium sulphate plus beta2 agonists v
beta2 agonists alone

Hospital admissions6 (356) [128] [111]

Quality point deducted for sparse data. Direct-
ness point deducted for inclusion of children

Low0–10–14Magnesium sulphate alone v beta2 agonists
alone

Lung function1 (33) [128]

Quality point deducted for sparse data. Direct-
ness point deducted for inclusion of children

Low0–10–14Magnesium sulphate alone v beta2 agonists
alone

Hospital admissions1 (33) [128]

Quality points deducted for incomplete reporting
of results and uncertainty about measurement
of outcomes. Consistency points deducted for
conflicting results and statistical heterogeneity

Very low00–2–24Heliox v air or oxygenLung function9 (582) [129] [130]

Directness point deducted for inclusion of chil-
dren in meta-analysis

Moderate0–1004Heliox v air or oxygenHospital admissions8 (552) [129] [130]

High00004Intravenous v inhaled short-acting beta2
agonists

Lung function5 (337) [131]

Type of evidence: 4 = RCT; 2 = Observational; 1 = Non-analytical/expert opinion. Consistency: similarity of results across studies.
Directness: generalisability of population or outcomes
Effect size: based on relative risk or odds ratio
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