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Current issues for establishing inhaled

corticosteroids as the antiinflammatory agents

of choice in asthma

Peter J. Barnes, DSc, FRCP London, United Kingdom

Airway inflammation appears to be present even in the mild-
est of asthma, and inhaled corticosteroids now form the
mainstay of asthma therapy. Inhaled corticosteroids largely
avoid the adverse effects associated with oral steroids and
are now recommended in newly detected disease. Inhaled cor-
ticosteroids reduce airway inflammation, airway hyperrespon-
siveness, and the symptoms of asthma and improve lung
function, irrespective of the patient’s age or asthma severity.
Several different inhaled corticosteroids are available as
therapeutic options for the treatment of asthma, and these
include fluticasone propionate, beclomethasone dipropionate,
and budesonide. The efficacy and safety of inhaled corticoste-
roids are compared in this article, and inhaled corticosteroid
therapy is also compared with other therapies. Recently,
there has been a consensus that the optimal use of inhaled
corticosteroids for asthma management is using a “start
high—go low” approach, and the reasons for this are dis-
cussed. (J Allergy Clin Immunol 1998;101:S427-33.)
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Glucocorticoids are the most effective therapy avail-
able for asthma, and inhaled corticosteroids largely
avoid the adverse effects associated with oral steroids.
With the recognition that airway inflammation is present
even in the mildest of asthma, inhaled corticosteroids
are now recommended in newly detected disease and
have become the mainstay of asthma treatment in many
countries.1-3 Despite their proven efficacy in asthma
control, the use of inhaled corticosteroids has been

tempered by concern about systemic side effects, so less
effective therapies are often preferred, particularly in the
treatment of pediatric asthma. There are several impor-
tant issues involved in the use of inhaled corticosteroids
for asthma.

INFLAMMATION IN ASTHMA

Asthma involves inflammation of the airways in all
patients with symptomatic disease. This inflammation is
characterized by an infiltration of eosinophils and the
presence of activated T-lymphocytes (predominantly
CD41 cells) and degranulated mast cells.3 Bronchial
biopsy studies have demonstrated this inflammatory
response in patients with very early disease and in
episodic asthma at times when symptoms are not
present.4 There is also evidence for structural changes in
the airways of asthma patients, including increased
thickness of the basement membrane as a result of
deposition of collagen, increased thickness of the airway
smooth muscle layer, increased numbers of blood ves-
sels, and hyperplasia of mucus-secreting cells.5 This
structural remodeling is likely to be the result of uncon-
trolled chronic inflammation in the airways.

More recently, other techniques have confirmed that
inflammation is present in mild asthma. Induction of
sputum with hypertonic nebulized saline provides a
method for studying the inflammatory response in asth-
ma.6 Induced sputum from patients with mild asthma
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shows the presence of eosinophils and eosinophil gran-
ule proteins.6, 7 We have also demonstrated the same
inflammatory profile in children with asthma. Exhaled
nitric oxide has been used to investigate inflammation in
airways of patients with asthma.8 Inflammatory cyto-
kines induce expression of the enzyme inducible NO
synthase (iNOS) in epithelial cells,9 and this enzyme has
increased expression in airway epithelial cells and in-
flammatory cells of airways from asthma patients.10 We
have demonstrated, using bronchoscopic sampling, an
increase in the amount of NO in exhaled air of patients
with mild asthma who are untreated11 and that this
increase is derived from the lower respiratory tract.12

Inflammation of the airways accounts for all of the
clinical features of asthma. Airway inflammation leads to
airway hyperresponsiveness, which allows triggers such
as exercise and exposure to an allergen to narrow
airways with resultant wheeze and dyspnea. Inflamma-
tion may sensitize and activate sensory nerves in the
airway, resulting in cough and chest tightness, which are
common and troublesome symptoms of asthma. Thus
inflammation is central to clinical asthma.

MECHANISM OF ACTION OF STEROIDS

Although inhaled corticosteroids are the most effec-
tive therapy known for asthma, their precise mechanism
of action is not yet fully understood. Important advances
have been made in elucidating some of the molecular
and cellular actions of steroids that are relevant to their
anti-asthma effects.13

Inhaled corticosteroids are highly lipophilic and rap-
idly enter target cells of the airway and bind to cytosolic
glucocorticoid receptors. In human airways, there is a
high level of glucocorticoid receptor expression in epi-
thelial cells and in endothelial cells of bronchial ves-
sels.14 Binding of the glucocorticoid to the glucocorti-
coid receptor results in rapid localization to the nucleus,
where the glucocorticoid receptor binds to DNA at

specific consensus sites, termed glucocorticoid response
elements (GREs), on the upstream promoter sequence
of steroid-responsive genes. This results in increased (or
occasionally decreased) transcription of a particular
gene. It is likely that altered transcription of many
different genes is involved in the anti-asthma effect of
steroids.15 Perhaps their most important action is inhi-
bition of transcription of the genes for the inflammatory
proteins (cytokines, inflammatory enzymes, inflamma-
tory receptors) involved in asthmatic inflammation.15

Recently, it has been demonstrated that the glucocorti-
coid receptor may bind directly to transcription factors
that are activated by cytokines and other inflammatory
signals. Thus, proinflammatory cytokines go on to acti-
vate the transcription factors nuclear factor-kappa B
(NF-kB) and activator protein-1 (AP-1). NF-kB and
AP-1, when activated within the nucleus, bind to re-
sponse elements on the promoter sequence and thus
regulate the transcription of certain genes.16 NF-kB and
AP-1 also bind to the activated glucocorticoid receptor
within the nucleus, and through this protein-protein
interaction, corticosteroids may inhibit the cellular ac-
tions of cytokines.15

Inhaled corticosteroids inhibit the expression of iNOS
by blocking NF-kB, which is required for its induction.
This is reflected by a reduction in exhaled NO in patients
with asthma treated with inhaled corticosteroids (Fig.
1).11 A double-blind, placebo-controlled study of inhaled
budesonide has demonstrated a significant reduction of
exhaled NO in patients with mild asthma.17 Further-
more, in patients treated with inhaled corticosteroids, a
reduction in steroid dose results in an increase in
exhaled NO before any change in symptoms or lung
function is observed.18 Thus exhaled NO may be a useful
means of monitoring the level of control of inflammation
in asthma, and because the test is noninvasive it may be
used in patients of all ages.

Steroids may have direct inhibitory effects on many of
the cells involved in asthmatic inflammation, including
macrophages, T-lymphocytes, eosinophils, and epithelial
cells.19 Airway epithelial cells are likely to be a major
target for inhaled corticosteroids because these cells
release multiple inflammatory mediators that may am-
plify airway inflammation. Several studies have directly
demonstrated the anti-inflammatory effect of inhaled
corticosteroids through the use of bronchial biopsies in
asthma patients. There is a marked reduction in the
numbers of mast cells, macrophages, T-lymphocytes, and
eosinophils in the epithelium and submucosa after 1 to 3
months of inhaled steroid therapy.20-24 Furthermore, the
characteristic epithelial shedding and goblet cell hyper-
plasia observed frequently in the biopsies of asthma
patients is reversed after treatment with inhaled corti-
costeroids,20 and one study has demonstrated a reduc-
tion in the thickened basement membrane.24 These
cellular effects of steroids are summarized in Fig. 2.

Asthma is characterized by asthma hyperresponsive-
ness (AHR) to many apparently unrelated stimuli, and
this is related to airway inflammation. By reducing

FIG. 1. Peak exhaled nitric oxide (NO) concentrations in control
(n 5 67), untreated asthma (n 5 61), and treated asthma (n 5 52)
groups.11 Untreated asthma, no inhaled corticosteroids; Treated
asthma, regular inhaled corticosteroids. Results are expressed as
mean 6 SEM.
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airway inflammation, inhaled corticosteroids consis-
tently reduce AHR both in adults and in children with
asthma.25 Long-term treatment with inhaled corticoste-
roids reduces responsiveness to histamine, cholinergic
agonists, allergen challenge (early and late allergic re-
sponses), exercise, fog, cold air, bradykinin, adenosine,
and irritants such as sulphur dioxide and metabisulphite.
The reduction in AHR takes place over several weeks
and may not be maximal until after several months of
therapy. The magnitude of the reduction varies between
patients but is in the order of one to two doubling
dilutions for most allergen challenges and often fails to
return to the normal range. This may reflect suppression
of the inflammation, but there is persistence of structural
changes that cannot be reversed by steroids. Inhaled
corticosteroids not only make the airways less sensitive
to spasmogens but they also limit the maximal airway
narrowing in response to a spasmogen.26

CLINICAL EFFICACY

Inhaled corticosteroids are very effective at control-
ling symptoms of asthma in patients of all ages and
severity.1, 27, 28 Inhaled corticosteroids were first intro-
duced to reduce the requirement for oral steroids in
patients with severe asthma, and many studies have
confirmed that in the majority of patients inhaled corti-
costeroids can completely replace oral steroids. As ex-
perience has been gained with inhaled corticosteroids,
they have been introduced in patients with milder
asthma, with the recognition that inflammation is
present even in patients with mild asthma.29 Inhaled
anti-inflammatory drugs have now become first-line

therapy in any patient who needs to use a b2-agonist
inhaler more than once a day, and this is reflected in
national and international guidelines for the manage-
ment of chronic asthma.30-32 In patients with newly
diagnosed asthma, inhaled corticosteroids (budesonide
600 mg twice daily) reduced symptoms and b2-agonist
inhaler usage and improved peak expiratory flows. These
effects persisted over the 2 years of the study, whereas in
a parallel group treated with inhaled b2-agonists alone
there was no significant change in symptoms or lung
function.33 In a separate study, patients with mild
asthma treated with a low dose of inhaled steroid
(budesonide 200 mg twice daily) showed a progressive
improvement in lung function over several months and
showed fewer symptoms, with many patients becoming
asymptomatic.34 Similarly, inhaled beclomethasone
dipropionate (400 mg twice daily) improved asthma
symptoms and lung function, and this was maintained
over the 30 months of the study.35 There was also a
significant reduction in the number of exacerbations.
Although the effects of inhaled corticosteroids on AHR
may take several months to reach a plateau, the reduc-
tion in asthma symptoms occurs more rapidly.36 Inhaled
corticosteroids effectively control asthmatic inflamma-
tion but need to be taken regularly. When inhaled
corticosteroids are discontinued there is usually a grad-
ual increase in symptoms and airway responsiveness
back to pretreatment values,36 although in some patients
with mild asthma who have been treated with inhaled
corticosteroids for a long time, symptoms may not
recur.37

Inhaled corticosteroids are equally effective in chil-

FIG. 2. Various cellular effects of glucocorticoids and their role in the control of asthma.
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dren. In an extensive study of children 7 to 17 years of
age, there was a significant improvement in symptoms,
peak flow variability, and lung function compared with a
regular inhaled b2-agonist that was maintained over the
22 months of the study,38 but asthma deteriorated when
the inhaled corticosteroids were withdrawn.39 There was
a high proportion of dropouts (45%) in the group
treated with inhaled b2-agonist alone.

Some patients with asthma develop an element of
irreversible airflow obstruction, but the pathophysiolog-
ical basis of these changes is not yet fully understood. It
is likely that they are the result of chronic airway
inflammation and may be prevented by treatment with
inhaled corticosteroids. There is some evidence that the
annual decline in lung function may be slowed by the
introduction of inhaled corticosteroids.40 Recent evi-
dence suggests that the early use of corticosteroids may
prevent irreversible changes in lung function in adults
and children.41, 42 Patients started on inhaled budes-
onide (1200 mg daily) at the time of onset of their asthma
had better lung function that patients treated for 2 years
with an inhaled b2-agonist.41 Indeed, the longer the
inhaled steroid was delayed after onset of asthma, the
worse the lung function in adults and children.42, 43 This
argues strongly for the early introduction of inhaled
corticosteroids in adults and children rather than initial
treatment with other treatments that may not suppress
the inflammation in the airways.

ADVERSE EFFECTS

The main reason for the reluctance to use inhaled
corticosteroids, particularly in children, has been con-
cern over systemic effects.44 Inhaled corticosteroids have
probably been studied more carefully than any other
therapy, and there is now much reassuring evidence for
their safety.27 Systemic effects arise from absorption
from the gastrointestinal tract, but this is largely elimi-
nated by the use of large volume spacers or by the use of
fluticasone propionate, which is completely metabolized
in the liver after absorption from the gut. All currently
available inhaled corticosteroids are absorbed from the
lung directly into the systemic circulation. This systemic
absorption is inevitable. However, the systemic absorp-
tion does not appear to have any adverse effect on bone
metabolism or on growth at the doses of inhaled steroid
that most patients require. Studies examining the sys-
temic effects of inhaled corticosteroids in normal volun-
teers and patients with asthma of varying severity have
demonstrated that irrespective of the inhaled steroid
used, there are minimal systemic effects (even when
using the most sensitive indicators) at doses of #400 mg
for children and #800 mg for adults. At higher doses
than these there is some evidence of systemic effects,
although this is less noticeable with budesonide and FP
than with BDP. Even at doses of up to 2000 mg daily
there is little evidence of any adverse effects, although
occasional patients may have idiosyncratic responses. It
is important that such studies are conducted using
asthma patients because there is some evidence that

systemic absorption is less in asthma patients than in
normal volunteers; it is possible that this is related to
more central deposition of the inhaled drug. In the
future it is possible that inhaled corticosteroids with
even fewer systemic effects will be developed,45 although
existing inhaled corticosteroids given by new delivery
systems are virtually free of systemic effects at the doses
the vast majority of patients require.

COMPARISON BETWEEN INHALED

CORTICOSTEROIDS

Several inhaled corticosteroids are currently available
for the treatment of asthma, although their availability
varies between countries. There have been relatively few
studies comparing efficacy of the different inhaled corti-
costeroids, and it is important to take into account the
delivery system and the type of patient under investiga-
tion when such comparisons are made. In the United
States, BDP, flunisolide, and triamcinolone are currently
available, but there have been no studies comparing
these corticosteroids at different doses. Budesonide,
which is widely available in many countries, has been
compared with BDP in adults and children, and the two
corticosteroids appear to have comparable antiasthma
effects at equal doses, whereas FP is approximately twice
as potent as either steroid.2, 27 Budesonide and FP have
a lower oral bioavailability than BDP as a result of their
extensive hepatic first-pass metabolism.

The most important issue for the long-term use of
inhaled corticosteroids, particularly when used in
patients with mild asthma, is the therapeutic ratio,
that is, the ratio of therapeutic benefit to adverse
effects. This has been extensively investigated, and the
safety of inhaled corticosteroids has been studied in
greater detail than almost any other class of drug in
current clinical practice.27 There is no convincing
evidence that the doses of inhaled corticosteroids
used for the treatment of mild asthma have any
clinically important adverse effects in adults or chil-
dren. Budesonide and FP have less systemic effects
than BDP at equivalent antiasthma doses. FP is
approximately twice as potent as budesonide and
hence should be used at half the dosage. Whether
there are differences between budesonide and FP will
require careful long-term follow-up studies.

COMPARISONS WITH OTHER THERAPIES

No other antiasthma therapy is as effective at
controlling the disease as glucocorticoids, but other
treatments may reduce the requirement for inhaled
corticosteroids and thus reduce the need for high
doses. Cromones (sodium cromoglycate and nedo-
cromil sodium) are much less effective at control-
ling asthma than inhaled corticosteroids, although
these drugs may sometimes be useful in patients with
mild asthma.46 However, from biopsy studies, there is
little convincing evidence that cromones reduce in-
flammation in asthma patients.47 Furthermore, be-
cause their duration of action is short, these treat-
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ments must be given at least four times daily, which is
a major disadvantage compared with once- or twice-
daily treatment with inhaled corticosteroids.

Short-acting b2-agonists (such as salbutamol and ter-
butaline) do not control asthma as effectively as inhaled
corticosteroids in either adults or children.33, 38 There is
no evidence to suggest that they reduce inflammation of
airways in asthma.20 The long-acting inhaled b2-agonist
salmeterol appears to give better control of asthma when
added to 400 or 800 mg BDP compared with increasing
the dose of BDP to 1000 mg daily.48, 49 This suggests that
the inhaled corticosteroids have a relatively shallow
dose-response curve or that these doses are near the top
of the curve and that this bronchodilator has an addi-
tional effect. Whether this is due to its bronchodilator
action, its mast cell stabilising effect, or an action on
airway edema is not yet clear.

Theophylline when used alone does not control
asthma as effectively as inhaled corticosteroids and is
associated with more frequent side effects.50 Recent
studies suggest that theophylline may have anti-inflam-
matory effects in asthma at relatively low doses.51, 52

Theophylline may be useful in controlling asthma in
patients with more severe disease, and controlled studies
designed to compare the effect of adding a low dose of
theophylline to an inhaled steroid (budesonide 800 mg
daily) show a better effect on asthma control than
doubling the dose of inhaled steroid.53

Antileukotrienes (leukotriene receptor antagonists
and 59-lipoxygenase inhibitors) have a useful clinical
effect in controlling asthma symptoms, improving lung
function, and reducing the need for inhaled b2-agonist
rescue therapy.54 However, their efficacy is clearly less
than that seen with inhaled corticosteroids, and it is
uncertain whether they can affect the inflammatory
process. Surprisingly, glucocorticoids, even at high doses
orally, do not appear to inhibit leukotriene production in
asthma, even after allergen challenge.55 It is possible
that the residual abnormalities in airway function that
remain in some patients after high doses of inhaled
corticosteroids are due to continued leukotriene produc-
tion and would respond to an antileukotriene.

OPTIMAL USE OF INHALED CORTICOSTEROIDS

Although inhaled corticosteroids have revolutionized
asthma therapy, there are some patients whose asthma is
not well controlled even at high doses. Poor compliance
with inhaled corticosteroids is a common problem.56 This
might be improved by reducing the dose frequency to once
daily, but only when daily doses of #400 mg are needed.57

The dose-response curve for clinical effect of inhaled
corticosteroids reaches a plateau relatively quickly, so
there is little improvement after increasing the dose,
whereas systemic absorption increases more steeply. In
some studies no dose-response has been observed,58 and
in others most of the effects of the inhaled corticoste-
roids have been achieved at low doses.59 This may, in
part, be dependent on the parameter of efficacy that is
being measured. Thus although the dose-response curve

for improvement in lung function may be flat, that for
reduction in asthma exacerbations may be steeper. Some
parameters may be more sensitive to control by cortico-
steroids, whereas higher doses are needed to suppress
sputum eosinophilia (A. Jatakanon, S. Kharitonov, P.J.
Barnes; unpublished observations). The dose-response
to inhaled corticosteroids may vary, depending on the
severity of asthma and the amount of inflammation. This
is probably a consequence of the induction of steroid
resistance by cytokines, so that larger doses of cortico-
steroids are required when inflammation is greater.

Previous guidelines suggested that inhaled corticoste-
roids should be started at a low dose and progressively
increased until asthma control is achieved. This is con-
trary to clinical practice and to common sense. Because
inhaled corticosteroids have a slow onset of action,
patients whose asthma is not controlled lose confidence
in the treatment, and this is likely to decrease compli-
ance. It would be more sensible to start at a dose that is
likely to be effective and then lower this to the minimal
dose needed to maintain control.60 This approach is
logical in the light of our current understanding of the
mechanism of action of steroids. Steroids activate glu-
cocorticoid receptors, which act as functional antago-
nists of transcription factors that regulate increased
transcription of genes such as inflammatory cytokines
and enzymes in asthma. If there is active inflammation of
the airways, a high level of transcription factors bind to
glucocorticoid receptors, so steroids are less effective
and cannot effectively gain control of the inflammatory
response. Higher doses of steroids overcome this by
blocking the activated transcription factors, allowing
more glucocorticoid receptors to become available to
block the inflammatory response. Once control is
achieved, this can be maintained with lower doses of
steroids. Although there are no clinical trials comparing
the two approaches of high-to-low versus low-to-high
inhaled corticosteroids, there are studies that demon-
strate that the dose of inhaled steroid can be reduced
once control is achieved.41, 42 The “start high—go low”
approach is recommended in the recent revision of the
British Thoracic Society Guidelines for Asthma Man-
agement.61 It may be seen as similar to the treatment of
hematologic malignancies, in which there is an initial
induction phase, but once the patient is in remission,
therapy is switched to maintenance therapy at a lower
dosage to maintain control.

Most patients should be started on inhaled corticoste-
roids at a dose of 400 mg twice daily and should be
treated with this dose for at least 3 months, because this
is a time when most of the benefit of the inhaled steroid
is obtained. The dose of inhaled steroid should then be
reduced according to a simple step-down regime. In a
few patients the initial dose of corticosteroids may be
too low and it may be necessary to increase the dose. In
patients with more severe asthma it is necessary to start
treatment with oral steroids to obtain control initially; in
these patients inhaled corticosteroids should be started
at the same time.
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