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Abstract

Mild persistent asthma should be treated with continuous inhaled corticosteroids (ICS), which reduces exacerbations of disease, controls
symptoms and reduces bronchial mucosal inflammation. Most patients can be controlled with low dosage ICS (≤ 500 mcg/day
beclometasone or equivalent) and there is limited benefit from further escalating dosages. There is some evidence of additional benefit
of early treatment in terms of better longer term control of symptoms, but not alteration of the natural history of the disease. Withdrawal
of ICS therapy results in rapid relapse of symptoms. Although some studies have suggested that intermittent therapy with ICS is not
detrimental to asthma control, in the absence of any studies investigating the long term clinical, functional and pathophysiological
differences between regular and intermittent therapy, the former continues to be recommended in guidelines. In patients well controlled
on low/moderate dosages of ICS there is little benefit of adding any other medication and no rationale for commencing combination
therapy routinely as first line controller therapy. There is no evidence that ICS or any other medication prevents the occurrence of asthma,
and scanty evidence that the decline in lung function associated with asthma is arrested to any significant degree by ICS therapy. ICS has
variable effects on features of airways remodelling but the long term physiological consequences of these effects, if any, are as yet
unknown.
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Introduction
Asthma is a clinical syndrome characterised by airway
inflammation, variable airway obstruction and airway
hyperresponsiveness.1 Asthma severity is usually classified
according to the Global Initiative for Asthma (GINA)
classification system1 or the American National Institutes of
Health asthma education and prevention programme EPR3
guideline.2 The British guideline, published by the British
Thoracic Society/Scottish Intercollegiate Guidelines Network
(BTS/SIGN)3 does not formally define asthma severity. There
are four categories based on clinical and functional features –
mild intermittent, mild persistent, moderate persistent and
severe persistent.

The standard of care for patients with mild intermittent
and mild persistent asthma in the past was intermittent or
regular use of inhaled short-acting β2-agonist therapy
respectively. Whilst this is still true for mild intermittent
asthmatics, current guidelines1-3 no longer recommend this
for the mild persistent group because of reports of increased
risk of death and deterioration of asthma control.4,5 Regular
controller therapy in the form of inhaled corticosteroid (ICS) is
now recommended for this group of patients. 

This paper – the third in a series of reviews on various
inhalation therapy topics being published in this journal by
the ADMIT working group (see the first review paper5a for
individual affiliations and conflict of interest declarations) –
will examine aspects of the appropriateness and efficacy of
ICS therapy in the management of mild persistent asthma.

ICS for asthma therapy: effects on lung
function, symptoms and mortality
ICS monotherapy achieves successful control of
mild/moderate persistent asthma in a significant proportion
of patients. Generally, the dose-response curve of ICS is
relatively flat for a number of outcome measures6 and for
many patients the therapeutic benefits of high-dosage versus
low-dosage ICS may be marginal.6-9 Nevertheless, in the
majority of patients, even at low dosages, ICS rapidly
improves clinical symptoms and measures of lung function.10

The anti-inflammatory action of ICS markedly decreases
airways hyperresponsiveness11,12 and in the long term reduces

the frequency and severity of exacerbations.10,13

The use of ICS on a regular basis also leads to reduced
mortality from asthma.  Suissa and colleagues14 used
Canadian health data to review a population-based cohort of
over 30,000 patients receiving anti-asthma drugs between
1975 and 1991. Subjects who had died from asthma and for
whom records were complete (n=68) were matched with
2,681 control subjects within the cohort.  Rate ratios for
death from asthma were calculated after adjustment for a
number of variables. The authors calculated that the death
rate from asthma decreased by 21% with each additional
canister of ICS used by the patients in the preceding year.

These data and a very large body of additional comparative
evidence quoted in all of the above guidelines1-3 have resulted
in concordant agreement that ICS is the most effective current
controller therapy for asthma in adults and children of all ages.
The EPR3 guidelines2 further conclude that “studies
demonstrate that ICS improves asthma control more effectively
in both children and adults than leukotriene receptor
antagonists or any other single long-term control medication”.

Early intervention with ICS to prevent
progression of asthma 
In the START study, investigators looked into whether early
intervention with ICS prevented progression of asthma in adults
and children aged 5-11 years with newly diagnosed mild
persistent asthma.15 A total of 7,241 patients were treated with
low-dose budesonide (400 mcg/day for adults or 200 mcg/day
for children younger than 11) or placebo for three years. During
the first year, almost 34% of individuals in the placebo arm
needed rescue treatment with ICS and 4% had had at least one
severe asthma exacerbation. By comparison, in the budesonide
treated group, only 20% needed additional ICS and 2%
experienced severe exacerbations. Compared with placebo,
budesonide therapy increased lung function over the course of
one year of therapy and further after three years. This study
suggests that early treatment with low-dose ICS decreases the
risk of severe exacerbations, and improves asthma control and
lung function in patients with mild persistent asthma of recent
onset. A cost-effectiveness analysis based on these data also
favoured early use of ICS.16 A second report on the START study17
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presented results of 5-year follow-up of the patients. After the
initial 3-year treatment period with placebo or ICS therapy, all
patients then went on to receive ICS treatment for two more
years in an open label fashion. Over the entire 5-year study
period, patients taking ICS in the double-blind phase had a
significantly lower risk (odds ratio 61%) of a severe, asthma-
related event compared with those taking placebo. Furthermore,
these patients overall used less additional medication. The
authors concluded that early intervention with ICS in mild,
persistent asthma improves asthma control and is associated
with reduced usage of additional medications.  

In the CAMP study,11 in which treatment with ICS, inhaled
nedocromil and placebo was compared in 1,041 children aged
5-12 years with mild intermittent asthma over a 4-6 year period,
ICS therapy was superior to placebo in terms of reducing disease
exacerbations, systemic corticosteroid and rescue medication
usage, and improving symptom scores. In a smaller study18 in
which 44 adults with mild persistent asthma were randomised to
receive inhaled fluticasone 500 mcg/day or placebo for 11
months, fluticasone therapy improved spirometry, airways
hyperresponsiveness and reduced exhaled nitric oxide
significantly more than placebo. Although there were no
significant differences in the usage of rescue medication (which
was in any case <2 times/week at the commencement of the
study), symptoms or quality of life, fewer patients suffered mild
exacerbations taking fluticasone compared to placebo (22% vs
62%) over the duration of the study.

Examination of bronchial biopsies of asthmatics indicates
that significant inflammation is present early in the course of
asthma, even in those patients having had a short duration of
symptoms.10 Early use of ICS suppresses airway inflammation,
improves symptom control and restores pulmonary function.10,13

A prospective controlled study19 followed pulmonary function in
216 children during long term treatment with ICS and compared
the findings of those with 62 children not so treated. Children
who started ICS therapy more than five years following a
diagnosis of asthma had significantly lower FEV1 measurements
than those starting it within two years of the onset of asthma.
Additionally, children treated with ICS had significantly fewer
hospital admissions because of exacerbations and a lower
cumulative exposure to corticosteroids in the long term. The
effect of early as opposed to delayed ICS therapy has also been
studied in patients with asthma symptoms for less than a year
with no previous exposure to anti-inflammatory therapy.20 Over
a 2-year period, 50 patients received budesonide at 1200
mcg/day while 50 received terbutaline 500 mcg/dose taken as
required. After this period the 37 patients remaining in the
terbutaline group were switched to budesonide and results
compared again after a further year of therapy. Patients who
switched to budesonide did improve but to a lesser degree than
those receiving early budesonide therapy. There was a trend for

greater improvement in all lung function measures in the
patients who received early budesonide treatment. In a similar
study,21 a mixture of patients with asthma and chronic
obstructive pulmonary disease (COPD) were treated with ICS and
short-acting bronchodilator or short-acting bronchodilator alone
for 2.5 years, and then ICS therapy was started in the patients
not having previously received it. After a further six months of
follow-up, the improvement in FEV1 was not significantly
different in the asthmatics having received ICS for 2.5 years as
compared to those having received it for six months after a 2.5
year delay; bronchial hyperresponsiveness did, however, improve
significantly more in the former group (histamine PC20 1.7 as
compared with 0.79 doubling concentrations, albeit following a
treatment period which was 5 times longer).

These studies clearly show that ICS therapy, compared with
placebo, reduces symptoms and exacerbations in mild
intermittent asthma. They also provide some evidence to support
the contention that delay in commencing regular ICS therapy
when this is indicated because of symptoms may result in a
slower and less extensive subsequent response to therapy, so
that ICS therapy should be commenced as soon as justified by
such symptoms. This is certainly the line taken by major asthma
guidelines and advocated by most physicians in the UK.
However, other physicians22 have pointed out that, in the follow-
up to the START study,17 although patients with mild intermittent
asthma taking placebo instead of ICS for three years showed
some evidence of delay in “catching up” after two further years
of ICS therapy compared with those taking ICS for the full five
years, the differences were not all that great – at the end of two
years their impairment, symptomatology and risk of
exacerbation were no different to those who had received ICS
for five years. According to this view, delay in commencing ICS
in patients with symptoms that merit them is, while not
necessarily desirable, also not necessarily disadvantageous in the
longer term.

Withdrawal of ICS in stable
mild/moderate persistent asthma
In a small study,23 19 patients with stable mild/moderate asthma
were randomised into two groups. In the first group ICS was
withdrawn and in the other group ICS was continued. 90% of
patients in whom ICS was withdrawn relapsed in a mean of 1.55
months compared with 25% in the group in which ICS was
continued. Asthma symptom scores and lung function during
follow-up over a year were found to be lower in the group
where ICS was withdrawn. In a second study,24 28 children
treated for one year with budesonide (200 mcg three times daily)
were randomised to continue treatment or to receive a lower
dose of budesonide for two months followed by placebo for
four months. In the withdrawal group there were eight
exacerbations of asthma compared with none in the group that
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continued therapy; in addition, lung function deteriorated and
bronchial hyperreactivity increased. Similar findings were
observed in a third withdrawal study.25

These studies all confirm that withdrawal of ICS therapy in
stable asthmatics previously deemed to require it for disease
control increases the risk of relapse in the fairly short term. Thus,
asthma guidelines1-3 agree in stressing the point that, while ICS
therapy is currently the most effective therapy known for
asthma, it is not curative – and if withdrawn when needed,
deterioration of clinical control follows typically within weeks to
months. On the other hand, these studies do not obviate the
obligation of the physician to minimise the dosage of ICS needed
to control symptoms in each individual patient: this might
include a trial of complete withdrawal of ICS therapy in those
whose symptoms become intermittent or disappear.

Daily versus intermittent ICS therapy 
In the IMPACT study,26 a total of 225 adults with long-standing
mild persistent asthma underwent a 10-14 day period of
“intense combined therapy” with oral prednisolone, inhaled
budesonide and oral zafirlukast, and were then randomised to
receive inhaled budesonide, oral zafirlukast or daily placebo for
one year. In addition to this regular therapy, all patients were
instructed to take intermittent, short-course corticosteroid
guided by a standard, symptom based action plan. At the end of
one year, the ICS-treated patients showed greater improvements
in lung function, bronchial hyperreactivity and symptom-free
days. There were no differences between the groups in terms of
changes in quality of life, numbers of asthma exacerbations or
post-bronchodilator FEV1. In a second study,27 patients with mild
persistent asthma were treated with continuous ICS (budesonide
400 mcg/day), continuous zafirlukast (40 mg/day), or
intermittent courses of ICS (budesonide 1600 mcg/day) for 10
days or systemic corticosteroid (prednisone 0.5 mg/kg/day) for
five days, again according to a symptom-based action plan.
Improvements in morning peak expiratory flow (PEF) and disease
exacerbation rates were similar in all three groups, despite the
fact that that the patients randomised to intermittent ICS
therapy took this for a mean of no more than 0.5 weeks/year.
Furthermore, improvements in other outcome measures (pre-
bronchodilator FEV1, bronchial hyperresponsiveness, symptom
scores and number of symptom-free days) were better in this
group. These studies, along with the question regarding the
possible disadvantages of delaying regular ICS therapy in mild
persistent asthma (see above) have generated calls22,28 for
guidelines to consider the feasibility and cost effectiveness of
intermittent ICS treatment as a possible management option in
this group of patients (especially in poor or underdeveloped
countries). They have not yet been incorporated into treatment
guidelines because of reservations about the longer term effects
of intermittent therapy (particularly accelerated decline in lung

function even though neither the IMPACT nor the START studies
suggested this). However, it is possible that at least some patients
with mild persistent asthma may not be disadvantaged by
intermittent ICS therapy, which in any case it has been argued
better resembles the “real life” situation in which very few
patients in practice take controller therapy absolutely regularly at
the prescribed dosage.

ICS versus cysteinyl leukotriene receptor
antagonist (LTRA) monotherapy for mild
persistent asthma
Cysteinyl leukotrienes, produced by a variety of inflammatory
cells implicated in asthma, are powerful bronchoconstrictors and
also increase mucus secretion and oedema in the bronchial
mucosa. They amplify inflammation through their chemo-
attractive effects on inflammatory cells such as eosinophils.
Consequently, in addition to causing bronchodilatation,
leukotriene receptor antagonists (LTRAs) have also been shown
to have anti-inflammatory properties in asthma.29,30 Four studies
involving both adults and children with mild persistent asthma
compared therapy with LTRA and low-dosage ICS.31-34 Both drugs
improved most asthma outcomes, but ICS was significantly
superior in terms of most outcomes (asthma control, lung
function and inflammatory biomarkers).

Despite these studies, LTRAs are widely used outside the UK
as monotherapy for mild, persistent asthma, especially in
children. Furthermore, guidelines are curiously ambivalent about
the use of LTRA as monotherapy instead of ICS in mild persistent
asthma. The GINA guideline1 states that LTRAs “may be used as
an alternative treatment for adults with mild persistent asthma”
but also that “when used alone as a controller the effects of
LTRA are less than those of ICS and, in patients already on ICS,
LTRA cannot substitute for this treatment without risking the loss
of asthma control”.35,36 For children, no specific comment is made
about their use as monotherapy, although it is stated that “LTRA
provide clinical benefit in children at all levels of severity but less
than that of low dose ICS”.31,37 The EPR3 guidelines,2 based on
evidence from five placebo-controlled trials,31,32,37-39 state that
“patients who have mild or moderate persistent asthma and are
treated with ICS, compared to other single long term control
medications, demonstrate greater improvements in pre-
bronchodilator FEV1, reduced airway hyperresponsiveness,
symptom scores, exacerbation rates and symptom frequency, as
well as less use of supplemental SABA [short-acting β2-agonist],
fewer courses of oral systemic corticosteroids, and less use of
hospitalisation” but nevertheless conclude that, in both adults
and children, LTRA monotherapy is an “alternative, not
preferred” treatment. The BTS/SIGN guideline3 states that LTRA
therapy is “less effective” than ICS as monotherapy and suggests
that LTRA might be used in children <5 years old in whom ICS
“cannot be used”.  Notwithstanding this, most clinicians would
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have to conclude from all of these studies that LTRA should be
used as monotherapy for mild persistent asthma only as a last
resort when ICS cannot, for whatever reason, be used. The
reasons for the continuing popularity of LTRAs as monotherapy
in practice in some countries are not clearly defined but may
relate to perceived problems with giving ICS to children or using
inhaler devices in this age group.

ICS versus theophylline monotherapy for
mild persistent asthma
Theophylline is a rather weak, non-specific inhibitor of
phosphodiesterase which elevates cyclic AMP concentrations
in airway smooth muscle and immune cells, resulting in
modest bronchodilatation and inhibition of inflammatory
cells. Theophylline has limited effectiveness when given as
monotherapy in adult asthmatics40 but is more effective than
placebo at relieving symptoms in children.41 Several studies
have shown that ICS is more effective than theophylline for
monotherapy of mild, persistent asthma. For example, in a
randomised parallel group study of 74 patients with mild
persistent asthma, patients were treated with inhaled
budesonide 400 mcg/day, oral montelukast 10 mg/day or
sustained-release theophylline 400 mg/day for three months.
The patients treated with ICS showed significantly greater
improvement in lung function as compared with those treated
with both alternative medications, although the changes in
FEV1 and PEF did not exceed the baseline variability. Asthma
symptoms and the use of rescue medication were similar in all
three groups.42 Cochrane meta-analysis to determine the
efficacy of xanthines such as theophylline in the maintenance
treatment of children with asthma43 demonstrated that they
are less effective in preventing exacerbations as compared
with ICS but as effective as monotherapy with regular inhaled
short-acting β2-agonist and cromoglicate for treating mild,
intermittent disease. Consequently all major guidelines, while
acknowledging the activity of theophylline, agree that it is less
effective than ICS monotherapy for mild, intermittent asthma.
In addition the EPR3 guideline2 states that theophylline is “not
recommended” in children 0-4 years of age owing to its
“erratic metabolism during viral infections and febrile illness”
and is “less desirable” in 5-11 year olds because of its “safety
profile” although it may be contemplated when “cost and
adherence to inhaled medications are concerns”.

In summary, these data show that early intervention with
ICS decreases the risk of severe exacerbations and improves
asthma control in mild persistent asthma of recent onset. ICS
therapy is superior to LTRA and xanthine therapy, at least
within the relatively short term scope of clinical trials, for
control of asthma and improvement of lung function. While
intermittent, symptom-led therapy may be suitable for some
patients with mild persistent asthma, this is not yet advocated

in any major guidelines, and cannot be generally
recommended until further long-term studies are available.

Corticosteroid resistance
Despite the generally favourable response of mild, persistent
asthmatics to ICS therapy, as with all drugs there is a spectrum
of response and there will be some patients who require more
than an “acceptable” dose of ICS (beclometasone or
equivalent ≤800 mcg/day in adults, ≤400 mcg/day in children)
to achieve symptom control. Before coming to this conclusion
the physician should review, and eliminate where possible,
external factors which may be upsetting asthma control in
individual patients (allergens, including food allergens in
children and occupational allergens, concomitant untreated
rhinosinusitis, drugs such as β-blockers and non-steroidal anti-
inflammatory drugs such as aspirin). By far the commonest
causes of “non-responsiveness” to therapy are, however,
poor inhaler technique and poor compliance.

Relative resistance to ICS therapy may also be a
consequence of particularly severe or unusual types of airways
inflammation in asthma44 or, at least in theory, structural
changes refractory to reversal by corticosteroids. A number of
environmental factors may affect the responsiveness of T cells
and other inflammatory cells in asthma to corticosteroid
inhibition;45 an important one is cigarette smoking, which
reduces clinical responsiveness to ICS in mild asthma46 and
should be discouraged.

Ultimately all patients are likely to show at least some
response to ICS therapy although in a minority the dosages
required may be relatively high. With such patients, physicians
should weigh the problems of unwanted effects of the drugs
against optimisation of quality of life, whilst minimising co-
morbidity that may compromise asthma control and encouraging
good inhaler technique and compliance with dosing regimens.

Beyond ICS alone: other therapeutic
options
(1) Addition of long-acting β2-agonist (LABA)
In adults with mild persistent asthma insufficiently controlled with
moderate dosages of ICS, all guidelines agree that adding in a
LABA, rather than further increases in ICS dosage, is the preferred
initial course of action. Addition of a LABA to a daily regimen of
ICS reduces day and night symptoms, improves lung function,
reduces rescue medication usage, reduces exacerbations, and
achieves clinical control of asthma in more patients, more rapidly
and at a lower final dosage of inhaled ICS than increased dosages
of ICS given alone.47-53 There is a paucity of studies on the effects
of LABA in children, particularly under the age of 5 years: while
the BTS/SIGN guideline3 still recommends LABA as the first line
add-on therapy to ICS in children over the age of 5 years, the
GINA guideline1 suggests LTRA as an alternative, while the EPR3
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guideline2 concludes that there is insufficient evidence at present
to know whether adding in a LABA or increasing ICS dosage is
best. All guidelines agree that LABA should never be given
without ICS. This follows a study54 showing a small but significant
excess of deaths in asthmatics receiving daily treatment with
salmeterol compared with placebo added to their usual asthma
therapy (13/13,176 patients taking salmeterol compared with
3/13,179 patients taking placebo). The MHRA and the BTS,
following a long review of the evidence, concluded that LABA
can still be used provided they are given with ICS (the implication
being that masking of symptoms with LABA while avoiding ICS is
potentially dangerous). For this reason, combination inhalers
containing ICS and LABA, although no more or less effective than
taking the two drugs in separate inhalers, are preferable when
prescribing a LABA because they ensure that LABAs can never be
taken without ICS.

Notwithstanding this evidence, it is important to note that
many patients with mild, persistent asthma are adequately
controlled on ICS alone. In these patients, adding in a LABA is of
no additional benefit. The BTS/SIGN guideline3 states that “in
patients on ICS whose asthma is stable, no intervention has been
consistently shown to decrease ICS requirement in a clinically
significant manner compared to placebo”. As an illustration of
this, the OPTIMA trial55 sought to establish whether adding a
LABA (formoterol) to ICS (budesonide) in mild and moderate
persistent asthmatics would reduce exacerbations. Both children
(older than 12 years) and adults were included as long as post
bronchodilator FEV1 was >80% of the predicated value. The
prevalence of severe asthma exacerbations was reduced and
symptom scores improved in the mild persistent asthmatics
treated with budesonide as compared with a placebo-treated
group over a year of therapy. The combination of budesonide
and formoterol did not provide any additional benefit in this
group. In contrast, in the group with moderate persistent
asthma using ICS at the beginning of the study, a significant
reduction in asthma exacerbations was seen when formoterol
was added to budesonide. These findings emphasise the fact
that patients with mild, persistent asthma well controlled on ICS
alone do not need anything else. Similarly, in a Cochrane meta-
analysis,56 the effects of initiating therapy with ICS alone as
compared with ICS and LABA were compared in steroid-naïve
adults and children with mild persistent asthma. The addition of
LABA to ICS did not significantly reduce the rate of
exacerbations or use of rescue medications as compared with
patients treated with ICS alone. Consequently, physicians should
not be tempted to use combination therapy too hastily.
(2) Addition of leukotriene receptor antagonist (LTRA)
Several studies have suggested that LTRA are sparing of ICS.
For example, in a double blind controlled study of asthmatics
still symptomatic despite taking moderate to high dosages of
budesonide (400-1600 mcg/day), the addition of montelukast

10 mg/day was shown to improve symptoms, reduce the use
of rescue medication and improve lung function as compared
with placebo.57 In a second double-blind, randomised study
on similar patients inadequately controlled on budesonide
800 mcg/day, addition of montelukast 10 mg/day was shown
to produce outcomes (improvement in symptoms, quality of
life and lung function) equivalent to doubling the dosage of
inhaled budesonide.58

A Cochrane meta-analysis comparing the addition of LABA
to LTRA in asthmatics inadequately controlled on moderate to
high dosages of ICS suggested that LABA was superior to LTRA
in preventing exacerbations requiring systemic steroid therapy,
improving lung function and reducing symptoms and the use
of rescue medication.59 Thus the major guidelines recommend
LABA as a first-line add-on therapy before LTRA in adults and
older children, although in infants, in whom there is a paucity
of evidence of the effectiveness of LABA, LTRA would seem a
more legitimate alternative.

In conclusion, while the benefits of adding in LABA (and to
a lesser extent LTRA) in patients with asthma with good
compliance and perfect inhaler technique whose disease is not
controlled with low/moderate dosages of ICS are manifest, it is
unnecessary and wasteful to use these drugs in patients whose
control is adequate on acceptable dosages of ICS alone.

Management of mild intermittent asthma
There are many fewer data addressing the optimal treatment for
patients with mild intermittent asthma since they remain
relatively well and have very infrequent symptoms. Current
guidelines recommend intermittent short-acting bronchodilator
for this group of patients. The SOMA study60 compared as-
needed use of LABA with as-needed use of LABA/ICS
combination therapy as the only medication in a group of
patients with mild intermittent asthma. The frequency of
asthma-free days was similar in the two groups; however,
compared with the LABA-only group, significantly fewer patients
in the ICS/LABA-treated group needed more than four puffs of
“as required” short-acting reliever on any day. The results of this
study cannot be extrapolated to all patients with mild
intermittent asthma, since the patients were selected on the
basis of having high exhaled nitric oxide (thought to be a
biomarker of active airways inflammation). Furthermore, the
situation has been coloured by anxiety about prescribing LABA
in the absence of ICS (see above). The long-term implications of
this particular treatment strategy in terms of benefit/risk are
therefore unknown. Similarly, there is a paucity of evidence
examining the benefit/risk implications of long-term ICS therapy
in patients with mild intermittent asthma. Current evidence-
based guidelines suggest the use of intermittent short-acting
bronchodilators for this patient group, and at present there is
insufficient evidence to overturn this conclusion.
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Does ICS therapy prevent asthma?
Studies of whether ICS therapy prevents asthma, at least in
children, are potentially confounded by the fact that at least half
of pre-school wheezing children will stop wheezing by the time
they start school.61 Indeed, there is some debate as to whether
any pre-school wheezy children should ever be treated with ICS.62

In the PAC study,63 infants (aged 1 month to 3 years) of
mothers with asthma were treated with ICS (budesonide 400
mcg/day) or placebo using a metered-dose inhaler and spacer
device starting on day 3 of any wheezy episode and continued
for two weeks. Children discontinued the trial if they developed
persistent wheezing (more than five episodes lasting three days
within a 6-month period, or daily symptoms for more than four
weeks). Two hundred and ninety-four children, mean age 10.7
months, were randomised. Intermittent ICS therapy had no
effect on the progression from intermittent to persistent wheeze,
which was observed in 24% of the ICS treated group and 21%
of the placebo treated group.

In the IFWIN study,64 206 older children aged 6 months to 5
years with at least one atopic parent were given ICS (fluticasone
100 mcg twice daily) or placebo after one prolonged (>1 month)
episode of wheezing or two physician-confirmed wheezy
episodes. The dosage was adjusted every three months to the
minimum required to control symptoms. At the age of 5 years
there was no difference between the groups in the proportion of
children with current wheeze, physician-diagnosed asthma or
usage of asthma medication.

In the PEAK study,65 285 2-4 year olds considered at risk of
asthma were randomly assigned to receive ICS (fluticasone
propionate 88 mcg twice daily) or placebo using a metered dose
inhaler and spacer for two years. They were then followed for a
further observational year. During this year there were no
significant differences between the groups in terms of symptom-
free days or exacerbations of wheeze.

All of these studies, although directed at slightly different
patient populations (all of them children) and with slightly
different criteria for “risk of asthma”, seem to lead to the same
conclusion, namely that ICS therapy does not prevent asthma.
They also underline the difficulty with diagnosing asthma and
distinguishing it from virus-induced wheezing in this age group.
The BTS/SIGN guideline3 states that suggestive symptoms
(wheeze, cough, difficulty breathing, chest tightness), particularly
if frequent and recurrent, worse at night and early in the
morning, triggered by stimuli such as exercise, emotion and
allergen exposure, and occurring apart from colds, increase the
probability of a diagnosis of asthma in children, as does audible
wheeze on chest auscultation and a personal or family history of
atopic disease (eczema, allergic rhinitis, food allergy, asthma). On
the other hand symptoms only with colds, isolated cough and
normal chest examination and spirometry during symptoms
reduce the probability of asthma.

Most children with wheeze presenting before the age of 2
years become asymptomatic by mid-childhood and do not need
treatment. Symptoms present from birth, severe upper
respiratory tract disease, persistent moist cough, excessive
vomiting, dysphagia, stridor, abnormal voice or cry, focal signs in
the chest, finger clubbing and failure to thrive all lower the
probability of asthma and suggest an alternative diagnosis. Lung
function testing adds little information in children under the age
of 5 years. For children in whom the probability of asthma is
considered high, a trial of ICS therapy for 2-3 months followed
by reassessment is indicated. A good symptomatic response
strongly supports the diagnosis, whereas a poor response is very
much against it. For children in whom the probability of asthma
is considered to be lower, a period of watchful waiting is
reasonable along with possible further investigation for unusual
symptoms or signs. Physicians should be mindful of the
importance of not missing, but nevertheless firmly making, a
diagnosis of asthma before committing a child to long term
therapy, and can be reassured that in this situation delay in
commencing ICS therapy does not appear to alter the risk of the
child developing chronic disease.

Does ICS therapy prevent lung function
decline in asthma?
The natural history of lung function is that it increases during
childhood, reaches a peak during early adulthood (25-35 years)
and then slowly declines with age. The evidence is that children
who wheeze persistently at the age of 6 (many of whom will go
on to develop chronic asthma) have impaired lung function
which was nevertheless normal at birth.66 In contrast, children
under 2 years of age who wheeze with colds (most of whom do
not go on to develop asthma) have diminished lung function in
infancy which tends to improve (though not always completely)
by the age of 6 years.66 There are few studies which have
followed lung function in asthmatics over protracted periods of
time, but one such study suggested that middle aged asthmatics
with significant airways obstruction already had reduced lung
function at the age of 10 years.67 Taken together, these studies
could be interpreted as showing that children who are going to
develop chronic asthma start off in life with normal lung function
which deteriorates during childhood and never recovers. Several
studies68,69 have shown that lung function in adult asthmatics
(and most particularly the degree of reversibility of airways
obstruction as measured by post-bronchodilator FEV1) declines
substantially faster compared with non-asthmatics.
Consequently there is interest in blocking this early decline in
lung function in asthmatics, in the hope that it will bring long-
lived symptomatic benefit with less treatment.

The first study to suggest that ICS may inhibit lung function
decline in asthma was directed primarily towards effects of ICS on
child growth.19 It was noticed that the annual increase in
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pulmonary function in a group of child asthmatics was
significantly accelerated after commencing budesonide as
compared with the run-in period, and also as compared with a
group of untreated controls. The extent of the improvement with
budesonide was noted to depend on how long the budesonide
treatment was started after the onset of asthma symptoms.

In the CAMP study,11 children aged 5-12 years with
mild/moderate asthma were treated from 4-6 years with
budesonide 200 mcg twice daily and compared with a group
treated with placebo and taking reliever medication and
prednisolone only when needed. There was no significant
difference in the change in lung function (post-bronchodilator
FEV1) in each group. As compared with the children assigned to
placebo, however, those treated with budesonide showed a
significantly smaller decline in pre-bronchodilator FEV1/FVC ratio
and improved airways hyperresponsiveness, suggesting that their
asthma was better controlled but their overall lung function no
different.

In addition, the three studies in pre-school wheezy children
described above63-65 all examined changes in lung function as
additional outcome measures. None of these studies
demonstrated any significant difference in changes in lung
function in children treated with ICS as compared with placebo
therapy using various techniques of measurement.

In the START trial,15 which involved over 7,000 patients with
mild intermittent asthma not previously treated with regular
inhaled ICS who were randomised to receive ICS therapy or
placebo for three years, post-bronchodilator FEV1 had declined
significantly less in the patients treated with ICS as compared with
those treated with placebo, although the difference was extremely
small. In the follow-up phase of this study,17 when all patients
were treated with ICS for a further two years, post-bronchodilator
FEV1 had declined by a small (mean 2.22%) but equivalent degree
in all patients, irrespective of whether or not they had received ICS
in the randomised, double-blind phase. In the IMPACT study,26 in
which 225 adults with mild persistent asthma were randomised to
receive twice daily budesonide (200 mcg), zafirlukast (20 mg) or
placebo, there were no significant differences in post-
bronchodilator FEV1 after a year of therapy between the groups.

Consequently it must be concluded that, whilst ICS therapy
is very effective in mild persistent asthma for controlling
symptoms and improving lung function, there is no clear
evidence that it prevents the early lung function decline which is
surmised to herald further deterioration later in life. It is perhaps
worth noting that these studies - at the population level, and in
relatively small numbers of patients - are unlikely to unearth a
possible subgroup of asthmatics whose lung function
deterioration is slowed by ICS therapy.

ICS and airway remodelling
Airway remodelling is the collective term used to describe

structural changes seen in the airways of asthmatics which
comprises epithelial damage, deposition of structural proteins
below the reticular basement membrane (subepithelial fibrosis),
bronchial smooth muscle hypertrophy and hyperplasia,
hyperplasia of mucous glands, and increased mucosal vascularity.
The reason for the interest in these features is that they have
been postulated to contribute to the accelerated decline in lung
function and irreversibility of airways obstruction associated with
asthma. At present there are problems with this interpretational
scenario. Although intuitively these changes might be surmised
to contribute to irreversible changes in airway function, there is
as yet little or no direct evidence that they actually do so. They are
widely assumed to be brought about by mediators released by
inflammatory cells. Whilst it is true that certain cytokines, such as
transforming growth factor beta (TGF-β) and interleukins such as
IL-11 and IL-17 can cause bronchial mucosal fibroblasts to secrete
fibrotic proteins such as collagen, while others such as IL-13 can
promote mucous gland hypertrophy in cultured bronchial
epithelial cells, there are still many doubts about the cause and
effect relationship between inflammation and remodelling, not
least because it is so difficult to characterise the natural histories
of the two phenomena. Of the few studies in children, some
have reported that severe asthma is associated with airways
remodelling70,71 whereas others72 suggest that remodelling
changes predispose to, but pre-date, clinical asthma. Such studies
cast doubt upon the tenet that remodelling is caused by
inflammation and in turn contributes to asthma symptoms and
physiology. In both children and adults, remodelling changes
have been linked to asthma severity but not always
longevity,70,71,73 suggesting that they are not necessarily
cumulative, and possibly reversible with time.

Boulet and colleagues74 examined bronchial biopsies in 32
adult asthmatics, 16 of whom had been recently diagnosed with
asthma and 16 of whom had long-standing asthma, both before
and after eight weeks of therapy with inhaled fluticasone
propionate 1000 mcg daily.  Baseline sub-epithelial collagen
deposition was similar in both groups and this did not alter
significantly following the high dose ICS therapy. However, a
second study75 did show significant reduction in the thickness of
the sub-epithelial reticular layer in a group of asthmatics whose
ICS dosages were increased according to their degree of
bronchial hyperresponsiveness as compared to a comparison
group where dosages were adjusted to standard asthma
guidelines.

With regard to mediators of remodelling, one study76 showed
no effect of systemic corticosteroid therapy on the expression of
TGF-β, considered a key remodelling cytokine, in airway biopsies
of moderate to severe asthmatics. It was noted, however, that
expression of IL-11 and IL-17 was markedly reduced.  In vitro, IL-
17 stimulates fibroblasts to produce IL-6 and IL-11, both of which
are pro-fibrotic.77 These effects are therefore variable and it is not
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possible to form an overall impression from these studies of the
net effects of ICS therapy on airways remodelling.

Orsida and colleagues78 demonstrated significantly increased
vascularity of the lamina propria in steroid-naïve asthmatics
compared with normal controls and asthmatics taking ICS.
Similarly, Feltis and colleagues79 showed that treatment of
asthmatics with ICS for three months significantly reduced the
cross-sectional area of vessels in bronchial biopsy specimens as
compared with a placebo-treated group. The expression of
vascular endothelial growth factor was also reduced in the
biopsies but not within the lumen of the airways.

In summary, it would appear that there is a degree of
reversibility in at least some of the processes involved in airways
remodelling with ICS, although the effects are complex and
interpretation is confounded by lack of knowledge of the natural
history of these processes and understanding of their
contribution to symptoms and airways physiology in chronic
asthma. At present this has generated disparate views as to the
importance of commencing ICS therapy as early as possible in
asthma. Some authors argue that ICS therapy should be started
as soon as possible after asthma is diagnosed to prevent (at least
some) remodelling changes,72 whereas others hold that the case
for early inhibition of remodelling is unproven and does not of
itself justify early commencement of ICS therapy.80 The most
recent evidence,81,82 albeit from relatively small numbers of
subjects, suggests that there does not appear to be increased
inflammatory cellular infiltration or submucosal protein lay down
in wheezy infants up to 26 months of age with or without
measurable airways obstruction, whereas such changes start to
become detectable in 1-3 year olds with severe, persistent
wheeze. Taking account of these and other findings, the EPR3
guideline2 concludes that the evidence does not suggest that
“early intervention with an ICS…alters the underlying severity or
progression of the disease” so that “ICS should be used to
control asthma symptoms and to improve the child’s quality of
life, but their use should not be initiated or prolonged for the
purpose of changing the natural history of the disease”.

Addendum 
The ADMIT Working Group
ADMIT is a consortium of European respiratory clinicians with special expertise in
inhalation therapy who review published evidence to examine ways of improving
the treatment of obstructive pulmonary airway diseases in Europe. ADMIT is
supported by an unrestricted educational grant from MEDA AB. Members of ADMIT
receive a small honorarium from MEDA AB for attending meetings, and travel
expenses are reimbursed. See the first ADMIT paper published in this journal in
December 2007 for a full list of individual conflict of interest declarations.5a

Conflict of interest declaration
Mark Levy is the Editor-in-Chief of the PCRJ, but was not involved in the editorial
review of, nor the decision to publish, this article.

Affiliations
Peter J Barnes. National Heart and Lung Institute, Imperial College, London, UK.
Mariëlle Broeders. Radboud University Medical Centre, Nijmegen, Netherlands,
Chris Corrigan. Department of Asthma, Allergy and Respiratory Science, King’s

College London School of Medicine, London, UK 
Graham K Crompton. Western General Hospital, Edinburgh, Scotland, UK
Lorenzo Corbetta. Università degli Studi di Firenze, Unità Funzionale di Medicina
Respiratoria, Italy
Richard Dekhuijzen. Radboud University Medical Centre, Nijmegen, Netherlands,
Jean Christophe Dubus. Unité de Medicine Infantile, Marseille, France
Thomas Hausen. General Practice, Grafenstrasse 62, Essen, Germany
Meinhard Kneußl. Wilhelminenspital, Vienna, Austria
Federico Lavorini. Università degli Studi di Firenze Unità Funzionale di Medicina
Respiratoria, Italy
Mark L Levy. University of Edinburgh, Division of Community Health Sciences: GP
Section, Edinburgh, Scotland, UK
Søren Pedersen. Paediatric Research Unit, Kolding Hospital, University of Southern
Denmark, Denmark.
Antonio Ramalho de Almeida. Pr. General Humberto Delgado 267, Porto, Portugal
Joaquin Sanchis. Departament de Pneumologia, Hospital de la Santa Creu i Sant
Pau, Universitat Autónoma de Barcelona, Barcelona, Spain
Jose L. Viejo. Hospital General Yagüe de Burgos, Spain
Walter Vincken. Academisch Ziekenhuis VUB, Dienst Pneumologie, Brussels, Belgium
Thomas Voshaar. Krankenhaus Bethanien, Moers, Germany

References 
1. Bateman ED, Hurd SS, Barnes PJ et al. Global strategy for asthma management

and prevention: GINA executive summary. Eur Respir J 2008;31:143-78.

www.ginasthma.com (accessed May 2008). http://dx.doi.org/

10.1183/09031936.00138707

2. National Heart, Blood and Lung Institute. National Institutes of Health. NIH 08-

4051. Expert Panel Report 3, 2007. Guidelines for the diagnosis and

management of asthma. www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm

(accessed December 2008).

3. British Thoracic Society/Scottish Intercollegiate Guidelines Network. British

guideline on the management of asthma. Thorax 2008;63(Suppl IV):iv1-iv121.

www.brit-thoracic.org.uk/ClinicalInformation/Asthma/AsthmaGuidelines/

tabid/83/Default.aspx (accessed December 2008). http://dx.doi.org/10.1136/

thx.2008.097741

4. Sears MR, Taylor DR, Print CG et al. Regular inhaled beta-agonist treatment in

bronchial asthma. Lancet 1990;336:1391-6. http://dx.doi.org/10.1016/

0140-6736(90)93098-A

5. Spitzer WO, Suissa S, Ernst P et al. The use of beta-agonist and the risk of death

and near death from asthma. N Engl J Med 1992;326:501-06.

5a. Dekhuijzen PN, Magnan A, Kneussl M on behalf of the ADMIT Working Group.

The ADMIT series - issues in inhalation therapy. 1) The goals of asthma

treatment: can they be achieved? Prim Care Resp J 2007;16(6):341-8.

http://dx.doi.org/10.3132/pcrj.2007.00081

6. Masoli M, IIolt S, Weatherall M, et al. Dose-response relationship of inhaled

budesonide in adult asthma: a meta-analysis. Eur Respir J 2004;23:552-8.

http://dx.doi.org/10.1183/09031936.04.00076604

7. Pedersen S, O’Byrne P. A comparison of the efficacy and safety of inhaled

corticosteroids in asthma. Allergy 1997;52(suppl):1-34.

http://dx.doi.org/10.1111/j.1398-9995.1997.tb05047.x

8. Powell H, Gibson P. High dose versus low dose inhaled corticosteroid as

initial starting dose for asthma in adults and children (review).

Cochrane Database Syst Rev 2003;4:CD004109. http://dx.doi.org/

10.1002/14651858.CD004109.pub2

9. Wilson AM, Lipworth BJ. Dose-response evaluation of the therapeutic index for

inhaled budesonide in patients with mild-to-moderate asthma. Am J Med

2000;108:269-75. http://dx.doi.org/10.1016/S0002-9343(99)00435-0

10. Barnes PJ, Pedersen S, Busse WW. Efficacy and safety of inhaled corticosteroids:

new developments. Am J Respir Crit Care Med 1998;157:S1-S53.

11. The Childhood Asthma Management Program Research Group. Long-term

effects of budesonide or nedocromil in children with asthma. N Engl J Med

2000;343:1054-63. http://dx.doi.org/10.1056/NEJM200010123431501

PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

Copyright GPIAG - reproduction prohibited

http://www.thepcrj.org

Cop
yri

gh
t G

en
era

l P
rac

tic
e A

irw
ay

s G
rou

p 

Rep
rod

uc
tio

n p
roh

ibi
ted

http://www.ginasthma.com
http://dx.doi.org/
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm
http://www.brit-thoracic.org.uk/ClinicalInformation/Asthma/AsthmaGuidelines/
http://dx.doi.org/10.1136/
http://dx.doi.org/10.1016/
http://dx.doi.org/10.3132/pcrj.2007.00081
http://dx.doi.org/10.1183/09031936.04.00076604
http://dx.doi.org/10.1111/j.1398-9995.1997.tb05047.x
http://dx.doi.org/
http://dx.doi.org/10.1016/S0002-9343
http://dx.doi.org/10.1056/NEJM200010123431501
http://www.thepcrj.org
http://www.thepcrj.org


ADMIT: Issues in inhalation therapy

157

12. Djukanovic R, Wilson JW, Britten KM, et al. Effect of an inhaled corticosteroid

on airway inflammation and symptoms in asthma. Am Rev Respir Dis

1992;145:669-74.

13. Haahtela T, Jervinen M, Kava T, et al. Comparison of a β2-agonist, terbutaline,

with an inhaled corticosteroid, budesonide, in newly detected asthma. N Engl

J Med 1991;325:388-92.

14. Suissa S, Ernst P, Benayoun S, et al. Low-dose inhaled corticosteroids and the

prevention of death from asthma. N Engl J Med 2000;343:332-6.

http://dx.doi.org/10.1056/NEJM200008033430504

15. Pauwels RA, Pedersen S, Busse WW, et al. Early intervention with budesonide

in mild persistent asthma: a randomised, double-blind trial. Lancet

2003;361:1071-76. http://dx.doi.org/10.1016/S0140-6736(03)12891-7

16. Sullivan SD, Buxton M, Andersson LF, et al. Cost-effectiveness analysis of early

intervention with budesonide in mild persistent asthma. J Allergy Clin Immunol

2003;112:1229-36. http://dx.doi.org/10.1016/j.jaci.2003.09.025

17. Busse WW, Pedersen S, Pauwels RA, et al. The inhaled steroid as regular

therapy in early asthma (START) study 5 year follow-up: effectiveness of early

intervention with budesonide in mild persistent asthma. J Allergy Clin Immunol

2008;121:1167-74. http://dx.doi.org/10.1016/j.jaci.2008.02.029

18. Reddel HK, Belousova EG, Marks GB, Jenkins CR. Does continuous use of

inhaled corticosteroids improve outcomes in mild asthma? A double-blind

randomised controlled trial. Prim Care Resp J 2008;17:39-45.

http://dx.doi.org/10.3132/pcrj.2008.00014

19. Agertoft L, Pedersen S. Effects of long-term treatment with an inhaled

corticosteroid on growth and pulmonary function in asthmatic children. Respir

Med 1994;88:373-81. http://dx.doi.org/10.1016/0954-6111(94)90044-2

20. Haahtela T, Jarvinen M, Kava T, et al. Effects of reducing or discontinuing

inhaled budesonide in patients with mild asthma. N Engl J Med 1994;331:700-

05. http://dx.doi.org/10.1056/NEJM199409153311103

21. Overbeek SE, Kerstjens HA, Bogaard JM, Mulder PG, Postma DS. Is delayed

introduction of inhaled corticosteroids harmful in patients with obstructive

airways disease (asthma and COPD)? The Dutch CNLSD study group. Chest

1996;110:35-41. http://dx.doi.org/10.1378/chest.110.1.35

22. Gereda JE, Baena-Cagnani C. The inhaled steroid treatment as regular therapy

in early asthma (START) follow-up study does not support early and daily

treatment. J Allergy Clin Immunol 2009;123:710. http://dx.doi.org/

10.1016/j.jaci.2008.11.007.

23. Sevinc C, Cimrin AH, Ellidokuz H. Withdrawal of inhaled corticosteroid therapy

in long-term, stable mild to moderate, persistent asthmatic patients. J Investig

Allergol Clin Immunol 2003;13:238-43.

24. Waalkens HJ, Van Essen-Zandvliet EE, Hughes MD, et al. Cessation of long-

term treatment with inhaled corticosteroid (budesonide) in children with

asthma results in deterioration. The Dutch CNSLD Study Group. Am Rev Respir

Dis 1993;148:1252-7.

25. Juniper EF, Kline PA, Vanzieleghem MA, Hargreave FE. Reduction of

budesonide after a year of increased use: a randomized controlled trial to

evaluate whether improvement in airway responsiveness and clinical asthma

are maintained. J Allergy Clin Immunol 1991;87:483-9.

http://dx.doi.org/10.1016/0091-6749(91)90006-A

26. Boushey HA, Sorkness CA, King TS et al. Daily versus as-needed corticosteroids

for mild persistent asthma. N Engl J Med 2005;352:1519-28.

http://dx.doi.org/10.1056/NEJMoa042552

27. Boushey HA. Daily inhaled corticosteroid treatment should not be prescribed

for mild persistent asthma. Am J Respir Crit Care Med 2005;172:412-14.

http://dx.doi.org/10.1164/rccm.2505003

28. Gereda JE. Asthma therapy: is it really cost-effective? Pediatr Allergy Immunol

2007;18:454. http://dx.doi.org/10.1111/j.1399-3038.2007.00577.x

29. Drazen JM, Israel E, O’Byrne PM. Treatment of asthma with drugs modifying

the leukotriene pathway. N Engl J Med 1999;340:197-206.

http://dx.doi.org/10.1056/NEJM199901213400306

30. Parameswaran K, Watson R, Gauvreau GM, Sehmi R, O’Byrne PM. The effect

of pranlukast on allergen-induced bone marrow eosinophilopoiesis in subjects

with asthma. Am J Respir Crit Care Med 2004;169:915-20.

http://dx.doi.org/10.1164/rccm.200312-1645OC

31. Garcia-Garcia ML, Wahn U, Gilles L, Swern A, Tozzi CA, Polos P. Montelukast,

compared with fluticasone, for control of asthma among 6 to 14 year old

patients with mild asthma: the MOSAIC study. Pediatrics 2005;116:360-9.

http://dx.doi.org/10.1542/peds.2004-1172

32. Zeiger RS, Szefler SJ, Phillips BR et al. Response profiles to fluticasone and

montelukast in mild-to-moderate persistent childhood asthma. J Allergy Clin

Immunol 2006;117:45-52. http://dx.doi.org/10.1016/j.jaci.2005.10.012

33. Dempsey OJ, Kennedy G, Lipworth BJ. Comparative efficacy and anti-

inflammatory profile of once-daily therapy with leukotriene antagonist or low-

dose inhaled corticosteroid in patients with mild persistent asthma. J Allergy

Clin Immunol 2002;109:68-74. http://dx.doi.org/10.1067/mai.2002.120559

34. Westbroek J, Pasma HR. Effects of 2 weeks of treatment with fluticasone

propionate 100 mcg b.d. by comparison with zafirlukast 20 mg b.d. on

bronchial hyperresponsiveness in patients with mild to moderate asthma.

Respir Med 2000;94:112-18. http://dx.doi.org/10.1053/rmed.1999.0618

35. Bleecker ER, Welch MJ, Weinstein SF et al. Low dose inhaled fluticasone

propionate versus oral zafirlukast in the treatment of persistent asthma. J

Allergy Clin Immunol 2000;105:1123-9. http://dx.doi.org/10.1067/

mai.2000.106043

36. Laviolette M, Malmstrom K, Lu S et al. Montelukast added to inhaled

beclomethasone in treatment of asthma. Am J Respir Crit Care Med

1999;160:1862-8.

37. Ostrom NK, Decotiis BA, Lincourt WR et al. Comparative efficacy and safety of

low dose fluticasone propionate and montelukast in children with persistent

asthma. J Pediatr 2005;147:213-20. http://dx.doi.org/10.1016/j.jpeds.

2005.03.052

38. Szefler SJ, Martin RJ, King TS et al. Asthma clinical research network of the

National Heart, Lung and Blood Institute. Significant variability in the response

to inhaled corticosteroid for persistent asthma. J Allergy Clin Immunol

2002;109:410-18. http://dx.doi.org/10.1067/mai.2002.122635

39. Szefler SJ, Phillips BR, Martinez FD et al. Characterisation of within-subject

responses to fluticasone and montelukast in childhood asthma. J Allergy Clin

Immunol 2005;115:233-42. http://dx.doi.org/10.1016/j.jaci.2004.11.014

40. Dahl R, Larsen BB, Venge P. Effect of long-term treatment with inhaled

budesonide or theophylline on lung function, airway reactivity and asthma

symptoms. Respir Med 2002;96:432-8. http://dx.doi.org/10.1053/

rmed.2001.1280

41. Pedersen S. Treatment of nocturnal asthma in children with a single dose of

sustained-release theophylline taken after supper. Clin Allergy 1985;15:79-85.

http://dx.doi.org/10.1111/j.1365-2222.1985.tb02259.x

42. Yurdakul AS, Taci N, Eren A, Sipit T. Comparative efficacy of once-daily therapy

with inhaled corticosteroid, leukotriene antagonist or sustained-release

theophylline in patients with mild persistent asthma. Respir Med

2003;97:1313-19. http://dx.doi.org/10.1016/j.rmed.2003.07.007

43. Seddon P, Bara A, Ducharme FM, Lasserson TJ. Oral xanthines as maintenance

treatment for asthma in children. Cochrane Database Syst Rev

2006;1:CD002885. http://dx.doi.org/10.1002/14651858.CD002885.pub2

44. Green RH, Brightling CE, Woltmann G, Parker D, Wardlaw AJ, Pavord ID.

Analysis of induced sputum in adults with asthma: identification of a subgroup

with isolated sputum neutrophilia and poor response to inhaled corticosteroids.

Thorax 2002;57:875-9. http://dx.doi.org/10.1136/thorax.57.10.875

45. Leung DY, Bloom JW. Update on glucocorticoid action and resistance. J Allergy

Clin Immunol 2003;111:3-22. http://dx.doi.org/10.1067/mai.2003.97

46. Chalmers GW, Macleod KJ, Little SA, Thomson LJ, McSharry CP, Thomson NC.

Influence of cigarette smoking on inhaled corticosteroid treatment in mild

asthma. Thorax 2002;57:226-30. http://dx.doi.org/10.1136/thorax.57.3.226

PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

Copyright GPIAG - reproduction prohibited

http://www.thepcrj.org

Cop
yri

gh
t G

en
era

l P
rac

tic
e A

irw
ay

s G
rou

p 

Rep
rod

uc
tio

n p
roh

ibi
ted

http://dx.doi.org/10.1056/NEJM200008033430504
http://dx.doi.org/10.1016/S0140-6736
http://dx.doi.org/10.1016/j.jaci.2003.09.025
http://dx.doi.org/10.1016/j.jaci.2008.02.029
http://dx.doi.org/10.3132/pcrj.2008.00014
http://dx.doi.org/10.1016/0954-6111
http://dx.doi.org/10.1056/NEJM199409153311103
http://dx.doi.org/10.1378/chest.110.1.35
http://dx.doi.org/
http://dx.doi.org/10.1016/0091-6749
http://dx.doi.org/10.1056/NEJMoa042552
http://dx.doi.org/10.1164/rccm.2505003
http://dx.doi.org/10.1111/j.1399-3038.2007.00577.x
http://dx.doi.org/10.1056/NEJM199901213400306
http://dx.doi.org/10.1164/rccm.200312-1645OC
http://dx.doi.org/10.1542/peds.2004-1172
http://dx.doi.org/10.1016/j.jaci.2005.10.012
http://dx.doi.org/10.1067/mai.2002.120559
http://dx.doi.org/10.1053/rmed.1999.0618
http://dx.doi.org/10.1067/
http://dx.doi.org/10.1016/j.jpeds
http://dx.doi.org/10.1067/mai.2002.122635
http://dx.doi.org/10.1016/j.jaci.2004.11.014
http://dx.doi.org/10.1053/
http://dx.doi.org/10.1111/j.1365-2222.1985.tb02259.x
http://dx.doi.org/10.1016/j.rmed.2003.07.007
http://dx.doi.org/10.1002/14651858.CD002885.pub2
http://dx.doi.org/10.1136/thorax.57.10.875
http://dx.doi.org/10.1067/mai.2003.97
http://dx.doi.org/10.1136/thorax.57.3.226
http://www.thepcrj.org
http://www.thepcrj.org


C Corrigan et al.

158

47. Bateman ED, Boushey HA, Bousquet J et al. Can guideline-defined asthma

control be achieved? The Gaining Optimal Asthma Control study. Am J Respir

Crit Care Med 2004;170:836-44. http://dx.doi.org/10.1164/rccm.200401-

033OC

48. Pauwels RA, Lofdahl CG, Postma DS et al. Effect of inhaled formoterol and

budesonide on exacerbations of asthma. Formoterol and Corticosteroids

Establishing Therapy (FACET) International Study Group. N Engl J Med

1997;337:1405-11. http://dx.doi.org/10.1056/NEJM199711133372001

49. Pearlman DS, Chervinsky P, LaForce C et al. A comparison of salmeterol with

albuterol in the treatment of mild-to-moderate asthma. N Engl J Med

1992;327:1420-5.

50. Wenzel SE, Lumry W, Manning M et al. Efficacy, safety, and effects on quality

of life of salmeterol versus albuterol in patients with mild to moderate

persistent asthma. Ann Allergy Asthma Immunol 1998;80:463-70.

51. Greening AP, Ind PW, Northfield M, Shaw G. Added salmeterol versus higher-

dose corticosteroid in asthma patients with symptoms on existing inhaled

corticosteroid. Lancet 1994;344:219-24. http://dx.doi.org/10.1016/S0140-

6736(94)92996-3

52. Shrewsbury S, Pyke S, Britton M. Meta-analysis of increased dose of inhaled

steroid or addition of salmeterol in symptomatic asthma (MIASMA). BMJ 2000;

320:1368-73. http://dx.doi.org/10.1136/bmj.320.7246.1368

53. Woolcock A, Lundback B, Ringdal N, Jacques LA. Comparison of addition of

salmeterol to inhaled steroids with doubling of the dose of inhaled steroids.

Am J Respir Crit Care Med 1996;153:1481-8.

54. Nelson HS, Weiss ST, Bleecker ER, Yancey SW, Dorinsky PM. The Salmeterol

Multicenter Asthma Research Trial: a comparison of usual pharmacotherapy for

asthma or usual pharmacotherapy plus salmeterol. Chest 2006;129:15–26.

http://dx.doi.org/10.1378/chest.129.1.15

55. O’Byrne PM, Barnes PJ, Rodrigeuz-Roisin R et al. Low dose inhaled budesonide

and formoterol in mild persistent asthma: the OPTIMA randomised trial. Am J

Respir Crit Care Med 2001;164:1392-7.

56. Ni CM, Greenstone IR, Ducharme FM. Addition of inhaled long-acting beta2-

agonists to inhaled steroids as first line therapy for persistent asthma in steroid-

naive adults. Cochrane Database Syst Rev 2005;2:CD005307.

57. Vaquerizo MJ, Casan P, Castillo J et al. Effect of montelukast added to inhaled

budesonide on control of mild to moderate asthma. Thorax 2003;58:204-11.

http://dx.doi.org/10.1136/thorax.58.3.204

58. Price DB, Hernandez D, Magyar P et al. Randomised controlled trial of

montelukast plus inhaled budesonide versus double dose inhaled budesonide

in adult patients with asthma. Thorax 2003;58:211-16.

http://dx.doi.org/10.1136/thorax.58.3.211

59. Ducharme FM, Lasserson TJ, Cates CJ. Long-acting beta2-agonists versus anti-

leukotrienes as add-on therapy to inhaled corticosteroids for chronic asthma.

Cochrane Database Syst Rev 2006;4:CD003137.

http://dx.doi.org/10.1002/14651858.CD003137.pub3

60. Haahtela T, Tamminen K, Malmberg LP et al. Formoterol as needed with or

without budesonide in patients with intermittent asthma and raised NO levels

in exhaled air: a SOMA study. Eur Respir J 2006;28:748-55.

http://dx.doi.org/10.1183/09031936.06.00128005

61. Martinez FD, Wright AL, Taussig LM, et al. Asthma and wheezing in the first six

years of life. The Group Health Medical Associates. N Engl J Med

1995;332:133-8. http://dx.doi.org/10.1056/NEJM199501193320301

62. Saglani S, Wilson N, Bush A. Should preschool wheezers ever be treated with

inhaled corticosteroids? Semin Respir Crit Care Med 2007;28:272-85.

http://dx.doi.org/10.1055/s-2007-981648

63. Bisgaard H, Hermansen MN, Loland L, et al. Intermittent inhaled corticosteroids

in infants with episodic wheezing. N Engl J Med 2006;354:1998-2005.

http://dx.doi.org/10.1056/NEJMoa054692

64. Murray CS, Woodcock A, Langley SJ, et al. Secondary prevention of asthma by

the use of Inhaled Fluticasone propionate in Wheezy Infants (IFWIN): double-

blind, randomised, controlled study. Lancet 2006;368:754-62.

http://dx.doi.org/10.1016/S0140-6736(06)69285-4

65. Guilbert TW, Morgan WJ, Zeiger RS, et al. Long-term inhaled corticosteroids in

preschool children at high risk for asthma. N Engl J Med 2006;354:1985-97.

http://dx.doi.org/10.1056/NEJMoa051378

66. Morgan WJ, Stern DA, Sherrill DL et al. Outcome of asthma and wheezing in

the first 6 years of life: follow-up through adolescence. Am J Respir Crit Care

Med 2005;172:1253-8. http://dx.doi.org/10.1164/rccm.200504-525OC

67. Phelan PD, Robertson CF, Olinsky A. The Melbourne asthma study: 1964-1999.

J Allergy Clin Immunol 2002;109:189-94. http://dx.doi.org/10.1067/

mai.2002.120951

68. Kupczyk M, Kuprys I, Gorski P, et al. Long-term deterioration of lung function

in asthmatic outpatients. Respiration 2004;71:233-40.

http://dx.doi.org/10.1159/000077420

69. Lange P, Parner J, Vestbo J et al. A 15 year follow-up study of ventilatory

function in adults with asthma. N Engl J Med 1998;339:1194-200.

http://dx.doi.org/10.1056/NEJM199810223391703

70. Payne DNR, Rogers AV, Adelroth E et al. Early thickening of the reticular

basement membrane in children with difficult asthma. Am J Respir Crit Care

Med 2003;167:78-82. http://dx.doi.org/10.1164/rccm.200205-414OC

71. De Blic J, Tillie-Leblond I, Tonnel AB, Jaubert F, Scheinmann P. Difficult asthma

in children: an analysis of airway inflammation. J Allergy Clin Immunol

2004;113:94-100. http://dx.doi.org/10.1016/j.jaci.2003.10.045

72. Pohunek P, Warner JO, Turzikova J et al. Markers of eosinophilic inflammation

and tissue re-modelling in children before clinically diagnosed bronchial

asthma. Pediatr Allergy Immunol 2005;16:43-51.

http://dx.doi.org/10.1111/j.1399-3038.2005.00239.x

73. Chetta A, Foresi A, Del Donno M et al. Airways remodelling is a distinctive

feature of asthma and is related to severity of disease. Chest 1997;111:852-7.

http://dx.doi.org/10.1378/chest.111.4.852

74. Boulet LP, Turcotte H, Laviolette M, et al. Airway hyperresponsiveness,

inflammation, and subepithelial collagen deposition in recently diagnosed

versus long-standing mild asthma. Influence of inhaled corticosteroids. Am J

Respir Crit Care Med 2000;162:1308-13.

75. Sont JK, Willems LN, Bel EH, et al. Clinical control and histopathologic outcome

of asthma when using airway hyperresponsiveness as an additional guide to

long-term treatment. The AMPUL Study Group. Am J Respir Crit Care Med

1999;159:1043-51.

76. Chakir J, Shannon J, Molet S, et al. Airway remodelling-associated mediators in

moderate to severe asthma: effect of steroids on TGF-beta, IL-11, IL-17, and

type I and type III collagen expression. J Allergy Clin Immunol 2003;111:1293-

8. http://dx.doi.org/10.1067/mai.2003.1557

77. Molet S, Hamid Q, Davoine F, et al. IL-17 is increased in asthmatic airways and

induces human bronchial fibroblasts to produce cytokines. J Allergy Clin

Immunol 2001;108:430-8. http://dx.doi.org/10.1067/mai.2001.117929

78. Orsida BE, Li X, Hickey B, et al. Vascularity in asthmatic airways: relation to

inhaled steroid dose. Thorax 1999;54:289-95.

79. Feltis BN, Wignarajah D, Reid DW, et al. Effects of inhaled fluticasone on

angiogenesis and vascular endothelial growth factor in asthma. Thorax

2007;62:314-19. http://dx.doi.org/10.1136/thx.2006.069229

80. Bisgaard H. Use of inhaled steroids in pediatric asthma. Pediatr Pulmonol Suppl

1997;15:27-33. http://dx.doi.org/10.1002/(SICI)1099-0496(199709)15+<27::

AID-PPUL7>3.0.CO;2-O

81. Saglani S, Malmstrom K, Pelkonen AS et al. Airway remodelling and

inflammation in symptomatic infants with reversible airflow obstruction. Am J

Respir Crit Care Med 2005;171:722-7. http://dx.doi.org/

10.1164/rccm.200410-1404OC

82. Saglani S, Payne DN, Zhu J et al. Early detection of airway wall remodelling and

eosinophilic inflammation in preschool wheezers. Am J Respir Crit Care Med

2007;176:858-64. http://dx.doi.org/10.1164/rccm.200702-212OC

PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

Available online at http://www.thepcrj.org

Copyright GPIAG - reproduction prohibited

http://www.thepcrj.org

Cop
yri

gh
t G

en
era

l P
rac

tic
e A

irw
ay

s G
rou

p 

Rep
rod

uc
tio

n p
roh

ibi
ted

http://dx.doi.org/10.1164/rccm.200401-033OC
http://dx.doi.org/10.1164/rccm.200401-033OC
http://dx.doi.org/10.1056/NEJM199711133372001
http://dx.doi.org/10.1016/S0140-6736
http://dx.doi.org/10.1016/S0140-6736
http://dx.doi.org/10.1136/bmj.320.7246.1368
http://dx.doi.org/10.1378/chest.129.1.15
http://dx.doi.org/10.1136/thorax.58.3.204
http://dx.doi.org/10.1136/thorax.58.3.211
http://dx.doi.org/10.1002/14651858.CD003137.pub3
http://dx.doi.org/10.1183/09031936.06.00128005
http://dx.doi.org/10.1056/NEJM199501193320301
http://dx.doi.org/10.1055/s-2007-981648
http://dx.doi.org/10.1056/NEJMoa054692
http://dx.doi.org/10.1016/S0140-6736
http://dx.doi.org/10.1056/NEJMoa051378
http://dx.doi.org/10.1164/rccm.200504-525OC
http://dx.doi.org/10.1067/
http://dx.doi.org/10.1159/000077420
http://dx.doi.org/10.1056/NEJM199810223391703
http://dx.doi.org/10.1164/rccm.200205-414OC
http://dx.doi.org/10.1016/j.jaci.2003.10.045
http://dx.doi.org/10.1111/j.1399-3038.2005.00239.x
http://dx.doi.org/10.1378/chest.111.4.852
http://dx.doi.org/10.1067/mai.2003.1557
http://dx.doi.org/10.1067/mai.2001.117929
http://dx.doi.org/10.1136/thx.2006.069229
http://dx.doi.org/10.1002/
http://dx.doi.org/
http://dx.doi.org/10.1164/rccm.200702-212OC
http://www.thepcrj.org
http://www.thepcrj.org
http://www.thepcrj.org


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 160
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 160
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /Unknown

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (These are high-end output settings for creating PDFs which conform to the S&G Print Group. They are also very similar to the ISO PDF/X-1a standard for global blind exchange of the PDF file format for print.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




