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LUCOCORTICOIDS are the most effective ther-
apy available for patients with asthma. They may

be administered either orally or, much more safely, by
inhalation. With the recognition that airway inflamma-
tion is present even in patients with mild asthma, ther-
apy with inhaled glucocorticoids is now recommended
at a much earlier stage.
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 However, despite their proved
efficacy in the treatment of asthma, enthusiasm for
their use has been tempered by concern about systemic
side effects. Because of this concern, less effective ther-
apies are often preferred, particularly for children.
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Molecular Mechanisms

 

Inhaled glucocorticoids are highly lipophilic. They
rapidly enter airway cells, where they bind to cytosolic
receptors. The glucocorticoid–receptor complexes then
move quickly into the nucleus. There they bind to the
glucocorticoid-responsive elements of genes, thereby ei-
ther increasing or decreasing gene transcription. They
also bind to, and disrupt the activity of, other transcrip-
tion factors in the nucleus.
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 It is likely that the altered
transcription of many different genes is involved in the
anti-asthma effect of glucocorticoids, but the drugs’
most important action may be to inhibit transcription
of the genes for the cytokines implicated in asthmatic
inflammation.
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Cellular Effects

 

Glucocorticoids may have direct inhibitory effects on
many of the cells involved in airway inflammation in
asthma, including macrophages, T-lymphocytes, eosin-
ophils, and airway epithelial cells.
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 In culture, the drugs
decrease cytokine-mediated survival of eosinophils by
stimulating apoptosis. This process may explain the
reduction in the number of eosinophils in the circula-
tion and airways of patients with asthma during gluco-
corticoid therapy,

 

4,5

 

 particularly the fraction of eo-
sinophils with low density.
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 Glucocorticoids may not
inhibit the release of mediators of allergic reactions
from mast cells, but they do reduce the number of mast
cells within the airway.
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 In addition to their suppres-
sive effects on inflammatory cells, glucocorticoids may

also inhibit plasma exudation
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 and mucus secretion

 

8

 

 in
inflamed airways.

 

Effects on Inflammation

 

Inhaled glucocorticoids have antiinflammatory ef-
fects on the bronchial mucosa in patients with asthma.
In patients treated with inhaled glucocorticoids for one
to three months there is a marked reduction in the
numbers of mast cells, macrophages, T-lymphocytes,
and eosinophils in the bronchial epithelium and sub-
mucosa.

 

4,5,9,10

 

 Furthermore, glucocorticoids reverse the
shedding of epithelial cells and the goblet-cell hyper-
plasia characteristically seen in biopsy specimens of
bronchial epithelium from patients with asthma.
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Effects on Airway Hyperresponsiveness

 

By reducing airway inflammation, inhaled glucocor-
ticoids consistently lessen airway hyperresponsiveness
in adults and children with asthma.
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 Long-term treat-
ment with inhaled glucocorticoids reduces airway re-
sponsiveness to histamine, cholinergic agonists, and al-
lergens (affecting both early and late responses). Such
treatment similarly lowers responsiveness to exercise,
fog, cold air, bradykinin, adenosine, and irritants such
as sulfur dioxide and metabisulfites. Inhaled glucocor-
ticoid therapy not only makes the airways less sensitive
to spasmogens, but also limits the maximal narrowing
of the airway in response to a spasmogen.
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 The reduc-
tion in airway hyperresponsiveness may not be maxi-
mal until treatment has been given for several months.
The magnitude of the reduction varies, and airway re-
sponsiveness often remains abnormal. Although the
treatment suppresses inflammation, it may be unable to
reverse the persistent structural changes that underlie
the disease.
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Studies in Adults

 

Inhaled glucocorticoid therapy was initially intro-
duced to reduce the need for oral glucocorticoids in pa-
tients with severe asthma. Several studies have con-
firmed that inhaled glucocorticoid therapy allows many
patients to stop taking the drugs orally.
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 Inhaled glu-
cocorticoids began to be used for patients with milder
asthma when the recognition grew that inflammation is
present, even in the mild forms of the disease, from the
onset of the illness.
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 Inhaled glucocorticoids are now
the appropriate first treatment for patients who need
inhalation therapy with 

 

b

 

2

 

-adrenergic–receptor ago-
nists more than once daily, as recommended in nation-
al and international guidelines.
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 In patients with
newly diagnosed asthma who were followed for two
years, therapy with the inhaled glucocorticoid budeso-
nide (600 

 

m

 

g twice daily) reduced symptoms, reduced
the need for inhalation therapy with 

 

b

 

2

 

-agonists, and
improved airway function. In a parallel group treated
with inhaled 

 

b
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-agonists alone there was no significant
change in symptoms or lung function.
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 In another
study, patients with mild asthma treated with a low
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dose of inhaled budesonide (200 

 

m

 

g twice daily) had
fewer symptoms and showed progressive improvement
in lung function during one year of therapy. Many be-
came completely asymptomatic.
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 Although the effects
of inhaled glucocorticoids on airway responsiveness
may take several months to reach a plateau, the im-
provement in the symptoms of asthma is more rapid.
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High doses of inhaled glucocorticoids are now widely
used to control more severe asthma. This treatment
markedly reduces the need for oral glucocorticoid ther-
apy and improves the control of more severe and un-
stable forms of the disease.

 

22-24

 

 Inhaled glucocorticoids
are the treatment of choice in nocturnal asthma, which
is a manifestation of inflamed airways, reducing both
nighttime awakening and circadian variation in airway
function.
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Although inhaled glucocorticoids effectively control
asthmatic inflammation, they must be taken regularly.
The dose needed to maintain control, however, may de-
crease.
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 When therapy is discontinued, symptoms and
airway responsiveness usually return to pretreatment
levels.

 

21,27

 

Studies in Children

 

Inhaled glucocorticoids are equally effective in chil-
dren. In an extensive study of children 7 to 17 years old,
those using the drugs showed a marked improvement
in symptoms, peak-expiratory-flow variability, and lung
function as compared with a group receiving regular
treatment with an inhaled 

 

b

 

2

 

-agonist. The effects were
sustained for the 22 months of the study,
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 but the chil-
dren’s asthma worsened when the inhaled glucocorti-
coids were withdrawn.
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 Inhaled glucocorticoids are
also effective in even younger children. For example,
nebulized budesonide reduced the need for oral glu-
cocorticoid therapy and also improved lung function
in children under the age of three years.
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 In studies
of preschool children and infants, glucocorticoids in-
haled through a large-volume spacer also improved
asthma symptoms and reduced the number of exacer-
bations.

 

31,32

 

Prevention of Irreversible Changes

 

Irreversible airflow obstruction develops in some pa-
tients with asthma. Although the pathophysiologic ba-
sis of this change is not understood, it is probably the
result of chronic airway inflammation and may there-
fore be prevented by the use of inhaled glucocorticoids.
The accelerated annual decline in lung function typical
of patients with asthma has been slowed by such treat-
ment.

 

33 

 

Delaying the start of inhaled glucocorticoid
therapy after diagnosis may lessen the overall improve-
ment in lung function in both adults and children.

 

27,34,35

 

Reduction in Mortality

 

Since prospective studies are almost impossible to
conduct because of the large number of subjects re-
quired, it is not known whether inhaled glucocorticoids
reduce mortality from asthma. In a retrospective re-

view of mortality and prescribed anti-asthma medica-
tion, patients being treated with inhaled beclometh-
asone dipropionate received significant protection as
compared with patients for whom an inhaled glucocor-
ticoid was not prescribed (adjusted odds ratio, 0.1).
The number of patients studied was small, however.
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Effects on Chronic Obstructive Pulmonary Disease

 

Although the beneficial effects of inhaled glucocorti-
coids on patients with asthma are now well document-
ed, the role of the drugs in the management of chronic
obstructive pulmonary disease (COPD) is less appar-
ent. The failure to improve airway obstruction of a
short course (two to four weeks) of oral glucocorticoids
serves to distinguish COPD from asthma. Treatment
with inhaled glucocorticoids for three months failed to
improve either the lung function or the airway respon-
siveness of patients with mild-to-moderate COPD,
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 al-
though longer treatment had some beneficial effects.
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Comparisons of Different Preparations

 

Several glucocorticoid preparations for inhalation
therapy are now available, although not all of them are
available in all countries (Table 1). There have been
relatively few studies comparing the efficacy of the var-
ious preparations, and it is important to take into ac-
count the delivery system and the type of patients stud-
ied when such comparisons are made. Beclomethasone
dipropionate, flunisolide, and triamcinolone are cur-
rently available in the United States, but there have
been no studies comparing them. Budesonide, widely
available in many countries, and beclomethasone are
equally effective.
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P

 

HARMACOKINETICS

 

The pharmacokinetics of inhaled glucocorticoids de-
termine the proportion of the inhaled drug that reaches

 

*Adapted from Reed.
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†Values are for binding affinity to human glucocorticoid receptors in vitro, relative to that
of dexamethasone.

‡Blanching potency on human skin indicates topical potency, relative to that of dexameth-
asone.

§Beclomethasone dipropionate is converted in the liver to the more active beclomethasone
monopropionate.

¶Larger doses (100, 200, or 250 

 

m

 

g per puff) are available in Europe, Asia, and Australia
but are not yet available in the United States.

 

i

 

The dose delivered by the metered-dose inhaler is 200 

 

m

 

g, but 100 

 

m

 

g is delivered by
spacer.

**Not available in the United States.

 

Table 1. Characteristics of Inhaled Glucocorticoids.
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Beclomethasone dipropionate§ 0.4 600 50¶

Beclomethasone monopropionate§ 13.5 450 —

Triamcinolone 3.6 330 100

 

i

 

Flunisolide 1.8 330 250

Budesonide** 9.4 980 50, 100, 200

Fluticasone** 18.0 1200 25, 50, 125
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target cells in the airways as well as the fraction of the
dose that enters the systemic circulation to produce
side effects.

 

40

 

 Desirable properties in an inhaled gluco-
corticoid are high topical potency, low systemic bio-
availability of the portion of the dose swallowed by the
patient, and rapid metabolic clearance of any gluco-
corticoid that reaches the systemic circulation. After
inhalation a large proportion of the inhaled dose,
80 to 90 percent, is deposited on the oropharynx and
swallowed. It is then available for absorption into the
systemic circulation through the liver (Fig. 1). This
fraction is markedly reduced if the glucocorticoid is ad-
ministered through a large-volume spacer attached to
a metered-dose inhaler. Rinsing the mouth after the use
of a dry-powder inhaler will achieve the same effect.
Between 10 and 20 percent of the inhaled drug enters
the respiratory tract, where it is deposited in the air-
ways and is available for absorption into the systemic
circulation.

Most of the studies on the distribution of inhaled glu-
cocorticoids have been conducted in normal subjects.
Factors such as airway inflammatory disease, airway
obstruction, the age of the patient, and concomitant
therapy may all alter the disposition of the inhaled
dose. There also may be important differences in the

metabolism of different glucocorticoids. Beclometha-
sone dipropionate, for example, is metabolized to the
more active form beclomethasone monopropionate in
many types of tissues including lung tissue,
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 but there
is no information about the formation, absorption, or
metabolism of this metabolite in humans. Flunisolide
and budesonide are subject to extensive first-pass me-
tabolism in the liver so that less of these drugs reaches
the systemic circulation.

 

42,43

 

 Little is known about the
distribution of triamcinolone in the body.
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 Fluticasone
propionate has a low oral bioavailability, which reduces
its systemic effects.
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When inhaled glucocorticoids were first introduced
it was recommended that they be given four times dai-
ly. Administration twice daily is equally effective,
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 al-
though a schedule of four doses per day may be pref-
erable for patients with more severe asthma.

 

47,48

 

 For
patients with mild asthma, one dose per day may suf-
fice.
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Inhaled glucocorticoids have oropharyngeal side ef-
fects whose rate of appearance depends on the dose,

 

Figure 1. Pharmacokinetics of Inhaled Glucocorticoids.
These drugs reach the systemic circulation through either the gastrointestinal (GI) tract and liver (from the swallowed fraction) or the
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the frequency of administration, and the delivery sys-
tem used.

 

Dysphonia

 

The most common side effect is dysphonia (hoarse-
ness), which affects approximately one third of treated
patients.

 

50

 

 It may be due to myopathy of the laryngeal
muscles and is reversible when treatment is stopped.

 

51

 

It is not usually troublesome, but may be disabling in
singers.

 

Oropharyngeal Candidiasis

 

Oropharyngeal candidiasis (thrush) may be a prob-
lem for some patients, particularly the elderly, and es-
pecially when the drug is given more than twice daily.

 

50

 

Use of a large-volume spacer protects against this ef-
fect by reducing the amount of inhaled glucocorticoid
deposited in the oropharynx.

 

Other Local Complications

 

Inhaled glucocorticoids, even in high doses, do not
increase the frequency of infections, such as tuberculo-
sis, in the lower respiratory tract.

 

52,53

 

 The airway epi-
thelium does not become atrophic, even after 10 years
of therapy.
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 Cough and throat irritation, sometimes ac-
companied by reflex bronchoconstriction, may occur
when inhaled glucocorticoids are given with a metered-
dose inhaler. These symptoms are likely to be due to
the surfactants, such as oleic acid, in pressurized aero-
sols. They disappear if a patient switches to an unpres-
surized, dry-powder inhaler.
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The efficacy of inhaled glucocorticoids in the control
of asthma is undisputed. There are, though, concerns
about their systemic effects, particularly because they
are likely to be used for long periods and by children.

 

56

 

One major problem for researchers is deciding whether
a measurable systemic effect has enough clinical im-
portance to require long-term follow-up studies. As
more sensitive biochemical tests of the systemic effects
of glucocorticoids become available, such effects may
be identified more often, but this will not mean that
they are clinically important. Another difficulty lies in
distinguishing the side effects of inhaled glucocorti-
coids from those of oral glucocorticoids since many pa-
tients are treated with both. The systemic effect of an
inhaled glucocorticoid will depend on several factors,
including the dose, the delivery system used, the site of
delivery —

 

 

 

gastrointestinal tract or lung — and the in-
dividual patient’s response to the drug.

 

Effect of the Delivery System

 

The systemic effect of an inhaled glucocorticoid de-
pends on the amount of the drug absorbed into the sys-
temic circulation. As discussed above, approximately 80
to 90 percent of the dose inhaled from a metered-dose
inhaler is deposited in the oropharynx, swallowed, and
then absorbed into the circulation from the gastrointes-

tinal tract (Fig. 1). The use of a spacer markedly reduc-
es oropharyngeal deposition, since large particles are
retained in the device, but it may increase deposition of
the drug in the lungs. Nevertheless, systemic effects are
reduced if a spacer is used.
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 For patients using dry-
powder inhalers, rinsing the mouth similarly reduces
systemic effects.
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 To reduce oral deposition and sys-
temic absorption, all patients receiving a daily dose of
not less than 800 

 

m

 

g of an inhaled glucocorticoid
should — depending on the type of inhaler — either
use a spacer or rinse their mouths after inhalation. The
portion of the inhaled dose that enters the lungs — and
presumably creates the therapeutic effect — may also
be absorbed into the systemic circulation. More effi-
cient delivery to the lungs is thus accompanied by
increased systemic absorption, but this is offset by a
reduction in the dose needed for optimal control of
airway inflammation. For example, a multiple dry-pow-
der delivery system, the Turbuhaler, delivers approxi-
mately twice as much glucocorticoid to the lungs as
other devices, but requires only half as large a dose.
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Suppression of Hypothalamic–Pituitary–Adrenal Function

 

Glucocorticoid drugs suppress the function of the hy-
pothalamic–pituitary–adrenal axis by reducing the se-
cretion of corticotropin, which in turn reduces the se-
cretion of cortisol by the adrenal glands. The degree of
suppression depends on the dose, duration, frequency,
and timing of glucocorticoid administration. Prolonged
adrenal suppression may lead to reduced adrenal re-
sponses to stress, but there is no evidence that even
high doses of inhaled glucocorticoids reduce a patient’s
plasma cortisol response to the stress produced by an
exacerbation of asthma or by insulin-induced hypogly-
cemia.

 

61

 

 Basal secretion of corticotropin and cortisol
may be evaluated by measuring plasma cortisol either
in the morning or at several times during the day and
night. The amount of cortisol excreted in the urine dur-
ing 24 hours may also be measured.

 

62

 

 Other tests
measure a patient’s adrenal response after stimulation
with cosyntropin, to assess adrenal reserve, or with in-
sulin, to assess both adrenal and pituitary reserve.

Studies of pituitary–adrenal function in patients re-
ceiving inhaled glucocorticoids have had inconsistent
results, some showing suppression and others no sup-
pression. Many studies have been uncontrolled, and
others are difficult to interpret because patients re-
ceived prior therapy with oral glucocorticoids, which
may affect the hypothalamic–pituitary–adrenal axis
for several weeks.

 

14

 

 Beclomethasone and budesonide
given in high doses (more than 1600 

 

m

 

g per day) by a
conventional metered-dose inhaler cause a dose-related
decrease both in morning concentrations of plasma cor-
tisol and in 24-hour urinary cortisol excretion, al-
though the values remain within the normal range.

 

63,64

 

However, when a spacer is used, a daily dose of 2000

 

m

 

g of beclomethasone or budesonide has no effect on
24-hour urinary cortisol excretion.

 

65

 

 Budesonide and
fluticasone, at high doses (more than 1500 

 

m

 

g per day),
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have less effect than beclomethasone on pituitary–
adrenal function.

 

63,66

 

 In studies of children, inhaled
flunisolide and triamcinolone, given in doses of up to
1000 

 

m

 

g per day, had no effect on 24-hour urinary cor-
tisol excretion.

 

67,68

 

 Beclomethasone, given to children in
doses of 800 

 

m

 

g or less, also left urinary cortisol excre-
tion unchanged.

 

69,70

 

 In studies in which plasma cortisol
was measured at frequent intervals, there was a small
but significant reduction in nocturnal values when bec-
lomethasone and budesonide were inhaled in doses as
low as 400 

 

m

 

g per day.

 

71

 

 This response, however, was
not related to dose for doses of inhaled glucocorticoids
in the range of 400 to 1000 

 

m

 

g per day.

 

72 Doses of 1500
mg per day have no effect on the adrenal responses to
corticotropin or insulin-induced hypoglycemia.

Overall, in the absence of previous or concomitant
treatment with oral glucocorticoids, inhaled glucocorti-
coids, in doses of 1500 mg per day or less in adults and
400 mg per day or less in children, have little if any ef-
fect on pituitary–adrenal function. Given the infre-
quency of pituitary–adrenal suppression, a low rate of
glucocorticoid-related side effects would be expected
and has proved to be the case.

Effects on Bone Metabolism

Glucocorticoids reduce bone mass directly by inhib-
iting bone formation, and indirectly by inhibiting the
secretion of androgen in the pituitary–gonadal and
adrenal systems and by limiting calcium absorption in
the intestines and calcium reabsorption in the renal
tubules, thereby causing secondary hyperparathyroid-
ism.73 Oral glucocorticoid therapy is a well-known
cause of osteoporosis and an increased risk of vertebral
and rib fractures, but there are no reports suggesting
that long-term treatment with inhaled glucocorticoids
is associated with an increased risk of fractures. Bone
mineral density may be decreased by high doses of in-
haled glucocorticoids, but their effect is confounded by
the fact that patients taking these drugs also receive in-
termittent courses of oral glucocorticoids.74 In a recent
small study, the bone density of premenopausal women
receiving inhaled glucocorticoids was slightly lower
than that of age-matched normal subjects. However,
there was no comparison with patients who had asthma
but were not treated with glucocorticoids.75 

Several biochemical indexes have been used to assess
the short-term effects of inhaled glucocorticoids on
bone metabolism. Bone formation has been evaluated
by measuring plasma concentrations of bone-specific
alkaline phosphatase and osteocalcin. Bone resorption
has been assessed by measuring urinary excretion of
hydroxyproline, calcium, and pyridinium cross-links.
In interpreting the results it is important to consider
the age, diet, and physical activity of the patient. It is
also necessary to choose appropriate control groups,
because asthma itself may have an effect on some of
the variables measured — for example, the plasma os-
teocalcin concentration.76 Although inhaled glucocorti-

coids, even at doses of up to 2000 mg per day, have no
effect on urinary calcium excretion, reversible dose-
related suppression of plasma osteocalcin has been re-
ported with beclomethasone and budesonide given by
conventional metered-dose inhaler in doses of 2000 mg
per day.77-80 Only high-dose beclomethasone increases
urinary hydroxyproline excretion.81 Given a large-vol-
ume spacer, even in doses of 2000 mg per day, neither
beclomethasone nor budesonide had any effect on plas-
ma osteocalcin concentrations in one study,65 although
some reduction was found in another.78 Urinary excre-
tion of pyridinium cross-links, a sensitive measure of
bone and collagen degradation, is not increased by in-
haled glucocorticoids (beclomethasone, in a dose of
more than 1000 mg per day), even in patients also given
intermittent courses of oral glucocorticoids.74 In grow-
ing children, very low doses of oral glucocorticoids (for
example, 2.5 mg of prednisolone per day) decrease
plasma osteocalcin and increase urinary hydroxypro-
line excretion. Beclomethasone and budesonide, at dos-
es up to 800 mg per day, have no effect.76,82 

Effects on Growth

There has been particular concern that inhaled glu-
cocorticoids may cause stunting of growth. Asthma it-
self, like other chronic diseases, may result in poor
growth and delay the onset of puberty.83 The delay of
puberty, however, may allow children with asthma to
grow for a longer period, so that their final height is
normal. This influence of asthma on growth makes
it difficult to assess the effects of inhaled glucocorti-
coids in cross-sectional studies. Longitudinal studies
have demonstrated no significant effect on statural
growth of inhaled glucocorticoids in doses of up to 800
mg per day for up to five years of treatment.13,28,84 In a
prospective, comparative study of inhaled beclometha-
sone (400 mg per day) and theophylline in children with
mild-to-moderate asthma, there was no difference in
height, although the children treated with beclometha-
sone grew more slowly.85 However, it is not possible to
relate changes in the rate of growth to final height; oth-
er studies have demonstrated that there is a catch-up
period. In a longitudinal, three-to-five-year study of
children two to seven years old, inhaled budesonide
(200 mg per day) had no effect on growth.86 A meta-
analysis of 21 studies, including over 800 children,
showed no effect of inhaled beclomethasone on height,
even in children treated with higher doses for a long pe-
riod.87 

Effects on Connective Tissue

Oral and topical glucocorticoids cause thinning
of the skin, telangiectasia, and easy bruising. These
probably result from a loss of extracellular ground sub-
stance within the dermis due to the drugs’ inhibitory
effect on dermal fibroblasts. There are reports of in-
creased skin bruising and purpura in patients receiving
high doses of inhaled beclomethasone, but the amount
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of intermittent glucocorticoids they received is not
known.88,89 Easy bruising linked to inhaled glucocorti-
coids is more frequent in elderly patients; there are no
reports of this problem in children.

Cataracts

Long-term treatment with oral glucocorticoids in-
creases the risk of posterior subcapsular cataracts, and
there are a few reports of cataracts in patients taking
inhaled glucocorticoids.14 In adults who received oral
or high-dose inhaled glucocorticoids (or both), the prev-
alence of posterior subcapsular cataracts correlated
with both the daily dose and the duration of oral gluco-
corticoid therapy, but not with the dose and duration of
inhaled glucocorticoid therapy.90 In a cross-sectional
study of children taking inhaled beclomethasone or bu-
desonide, no cataracts were found on slit-lamp exami-
nation, even in patients who had taken 2000 mg per day
for more than 10 years.91 

Metabolic Effects

There is no evidence that inhaled glucocorticoids
have clinically important metabolic effects. Fasting
plasma glucose and insulin concentrations are un-
changed after doses of beclomethasone of up to 2000
mg per day in adults39 and doses of budesonide of up to
800 mg per day in children.92 In a group of patients with
poorly controlled asthma, high-dose beclomethasone
and budesonide surprisingly decreased insulin resist-
ance and improved glucose tolerance, suggesting that
asthma itself may lead to abnormalities in carbohy-
drate metabolism.93 Neither beclomethasone (2000 mg
per day) in adults nor budesonide (800 mg per day) in
children had any effect on plasma cholesterol or triglyc-
eride levels.39,93 

Hematologic Effects

Inhaled glucocorticoids may reduce the number of
circulating eosinophils in patients with asthma,6 possi-
bly because of an effect on local cytokine generation in
the airways. They also may cause a small increase in
circulating neutrophil counts.65 

Central Nervous System Effects

Despite the propensity of glucocorticoids to cause
psychiatric disturbance — including emotional lability,
euphoria, depression, aggressiveness, and insomnia —
only eight patients have been described in whom psy-
chiatric symptoms developed during inhaled glucocor-
ticoid therapy.14

Safety in Pregnancy

There is no evidence that inhaled glucocorticoids
have any adverse effects on pregnant women, their fe-
tuses, the course of labor, or delivery.14 It is important
to recognize, though, that poorly controlled asthma
may retard intrauterine growth and increase the inci-
dence of perinatal mortality, and that more effective

control of asthma with inhaled glucocorticoids may re-
duce these problems. Breast-feeding is not contraindi-
cated for patients taking inhaled glucocorticoids, be-
cause these drugs are not present in milk.

COMPARISON WITH OTHER THERAPIES

No other therapy is as effective in controlling asthma
as the use of glucocorticoids, but other treatments may
reduce the need for high doses of the drugs in their in-
haled form. Cromolyn sodium and nedocromil sodium
are less effective in controlling asthma than inhaled
glucocorticoids and need to be taken three to four
times daily, although they may be useful for some pa-
tients.94,95 Cromolyn should be given before inhaled
glucocorticoids are started in children, although it is
important to recognize that the doses of inhaled gluco-
corticoids that provide equivalent asthma control (100
to 400 mg per day) have no appreciable side effects, are
cheaper, and need to be administered only twice daily.
Nedocromil may reduce the need for inhaled glucocor-
ticoids in patients who have problems with local side ef-
fects,96 but cromolyn has no such sparing effect.

Conventional b2-agonists do not control asthma as
effectively as inhaled glucocorticoids in either adults or
children.19,27 The long-acting inhaled b2-agonist salme-
terol, when added to 400 mg of beclomethasone, ap-
pears to give equivalent, if not better, control of asthma
than does an increase in the dose of beclomethasone to
1000 mg per day.97 Theophylline alone does not control
asthma as effectively as inhaled glucocorticoids and
produces more frequent side effects,85 but it may have
a useful additive effect.98 Glucocorticoid inhalers may
be more expensive than short-acting b2-agonists and
theophylline, but their use can lead to savings in the di-
rect costs of asthma treatment by reducing the num-
bers of medical consultations and hospital admis-
sions.99 

CONCLUSIONS

Inhaled glucocorticoids are very effective in control-
ling the symptoms of asthma and in preventing exacer-
bations. Oral glucocorticoids may be equally effective
but have many more side effects. Extensive studies con-
ducted both in normal subjects and in patients with
asthma of varying degrees of severity have demonstrat-
ed that inhaled glucocorticoids, irrespective of the
preparation, have minimal systemic effects, even ac-
cording to the most sensitive indicators, at doses of up
to 400 mg per day for children and up to 800 mg per day
for adults. At higher doses there is some evidence of
systemic effects, although they are less noticeable with
budesonide and fluticasone than with beclomethasone.
Even at high doses (up to 2000 mg per day) there is lit-
tle evidence of any adverse effects. The small risk of ad-
verse effects at high doses of inhaled glucocorticoids
has to be set against the risks of not adequately control-
ling severe asthma. Since the systemic absorption of in-
haled glucocorticoids may be reduced by the use of
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spacer devices with metered-dose inhalers and by
mouth rinsing after the use of dry-powder inhalers,
these should be used whenever doses of 800 mg per day
or more are needed to control asthma. In the future it
is possible that inhaled glucocorticoids with even fewer
systemic effects will be developed. 
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