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Abstract
Background—Inhaled corticosteroids (ICS) have an important role in the treatment of chronic
asthma in children. The prevalence of asthma symptoms in children varies from 0 to 30 percent in
different populations with the highest prevalence occurring in Australia, New Zealand and
England.

Methods—A review of the literature and studies about inhaled corticosteroids safety, action and
adverse events in children and adults where applicable was done.

Conclusion—Inhaled corticosteroids are the main stay therapy for persistent asthma in children.
Their safety and efficacy is proven from the literature. Proper education of the parents about
asthma and inhaled corticosteroids is very important and improve asthma control. Keeping in
mind to taper the inhaled corticosteroids to the lowest dose needed to control asthma and using
correct inhalation technique by the use of spacers with metered dose inhalers or dry powder
inhalers (Turbuhaler and Diskus) will prevent the occurrence of adverse events.
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Background
Inhaled glucocorticosteroids, are currently the most effective long-term preventive
medications and are effective in reducing asthma attacks1, 2. The anti-inflammatory action of
corticosteroids was discovered in 1948. Inhaled corticosteroids (ICS) are highly lipophilic,
rapidly enter the airway cells and bind to cytosolic receptors. The Glucocorticoid–Receptor
(GR) complexes then moves quickly into the nucleus and bind to the Glucocorticoid
responsive elements of genes, which will be either increasing or decreasing gene
transcription of cytokine production. They also bind to, and disrupt the activity of other
transcription factors in the nucleus. They inhibit transcription of the genes for cytokine
production 3. They have direct inhibitory effects on macrophages, t-lymphocytes,
eosinophils, and airway epithelial cells 4,5,6. Also they reduce the number of mast cells
within the airway and inhibit plasma exudation and mucus secretion 7. It has been found that
after treatment with ICS for 1–3 months there is marked reduction in the numbers of mast
cells, macrophages, t-lymphocytes, and eosinophils in the bronchial epithelium and
submucosa of asthmatics. Inhaled corticosteroids decrease airway hyperresponsiveness to
histamine, cholinergic agonists, allergens, exercise, fog, cold air, bradykinin, adenosine, and
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irritants such as sulfur dioxide and metabisulfites 8. Safety and adverse effects of ICS has
been a concern for both physicians and patients.

Discussion
It is proven that ICS are effective in controlling asthma symptoms. In a study of children 7
to 17 years old, those using the ICS showed a marked improvement in symptoms, peak-
expiratory-flow variability, and lung function as compared with a group receiving regular
treatment with b-agonists 9. In studies of preschool children and infants, glucocorticoids
inhaled through a large-volume spacer also improved asthma symptoms and reduced the
number of exacerbations 10, 11. It was also documented that the accelerated annual decline in
lung function typical of patients with asthma has been slowed by such treatment. A safe ICS
will have a Short receptor binding half-life, Rapid first pass and inactivation in Liver, Low
Lipophilicity and short plasma half-life 12. Comparing the binding affinity to human
Glucocorticoid receptors in vitro between different ICS it was found that Flunisolide has the
lowest relative receptor affinity, Triamcinolone is twice that of Flunisolide, Budisonide is
twice that of Triamcinolone, Beclomethasone (active metabolite) twice that of budesonide
and Fluticasone twice that of beclomethasone 13. It has been described that beclomethasone
and fluticasone are the highest lipophilic ICS, 1000 and 2500 times more than
Flunisolide 14.

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. This fraction is markedly reduced if the glucocorticoid is administered
through a large-volume spacer attached to a metered-dose inhaler. Rinsing the mouth after
the use of a dry-powder inhaler (e.g. Turbuhaler, Diskus) will achieve the same effect.
Between 10 and 20 percent of the inhaled drug enters the respiratory tract, where it is
deposited in the airways and is available for absorption into the systemic circulation 15.
Most of the studies on the distribution of inhaled glucocorticoids have been conducted in
normal subjects and 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.
Beclomethasone dipropionate, for example, is metabolized to the more active form
beclomethasone monopropionate in many types of tissues including lung tissue 16, 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 metabolism in the
liver so that less of these drugs reach the systemic circulation 17, 18. In the other hand
fluticasone propionate has a low oral bioavailability19. In a meta-analysis of 22 studies
showed fluticasone to exhibit significantly steeper dose-related adrenal suppression twice as
compared to beclomethasone, 2.5 more than budesonide and 3.6 times more than
Triamcinoloneacetonide 20. Adverse events of inhaled corticosteroids are rarely occurring
and there is concern that inhaled corticosteroids might cause adrenal suppression, reduce
bone density, short stature, cataract and behaviour changes.

The most common local side effect of ICS is dysphonia, reported in 5 % to 50 % of
patients 21. Oropharyngeal Candidiasis is more common in elderly patients. To reduce these
side effects, strategies are aimed at decreasing oropharyngeal deposition of the drug by
improving inhalation technique, using a spacer device or Turbuhaler, decreasing the
frequency of administration and rinsing the mouth with water.

Suppression of hypothalamic-pituitary-adrenocortical axis has a concern with inhaled
corticosteroid therapy. There is no evidence that even high doses of ICS reduce a patient's
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plasma cortisol response to the stress produced by an exacerbation of asthma or by insulin-
induced hypoglycaemia 22. In a study by Brown et al when a spacer was used, a daily dose
of 2000 µg of beclomethasone or budesonide has no effect on 24-hour urinary cortisol
excretion 23]. When metered dose inhaler alone without spacer was used, cortisol level
reduced but within normal range 24. It was found that when Beclomethasone given to
children in doses of 800 µg or less it left urinary cortisol excretion unchanged 25. In studies
in which plasma cortisol was measured at frequent intervals, there was a small but
significant reduction in nocturnal values when beclomethasone and budesonide were inhaled
in doses as low as 400 µg per day 26. There was no clinical significance with this reduction.
Overall, in the absence of previous or concomitant treatment with oral glucocorticoids,
inhaled corticosteroids in doses of 400 µg per day or less in children, have little if any effect
on pituitary–adrenal function.

For bone metabolism effect it was found that given in a large-volume spacer, even in doses
of 2000 µg per day, neither beclomethasone nor budesonide had any effect on plasma
osteocalcin concentrations in one study 23]. The urinary excretion of pyridinium cross-links,
a sensitive measure of bone and collagen degradation is not increased by inhaled
beclomethasone, in a dose of more than 1000 µg per day. Beclomethasone and budesonide,
at doses up to 800 µg per day, have no effect on bone metabolism 23, 27. There is now
reassuring evidence that doses of < or = 400 ug for children (1000ug in adult) are safe with
no clinically significant adverse effect on bone density or bone growth.

Long-term Longitudinal studies of inhaled corticosteroids effect on growth have
demonstrated no significant effect on statural growth of inhaled corticosteroids in doses of
up to 800 µg per day for up to five years of treatment 28. In a longitudinal 3–5 years study of
children aged 2–7 years old, inhaled budesonide (200 µg per day) had no effect on
growth 29. This was supported by the findings of a meta-analysis of 21 studies, included 810
children, which showed no effect of inhaled beclomethasone on height, even in children
treated with higher doses for a long period 30. All short and intermediate duration studies,
which found that longitudinal statural growth was retarded in children treated with
beclomethasone dipropionate 400ug/day, used a fixed dose with no tailoring of this dose in
children with mild asthma and the duration of the study was for 1 year only. Also spacers
were not used which would improve the therapeutic index of the medication 31. In a 14 year.
Prospective, cohort study of 142 asthmatic children treated with budesonide at a dose of
412ug/day for 9.4 years compared to a control group of asthmatic children who never had
inhaled corticosteroids and 51 healthy siblings. All children treated with inhaled
corticosteroids attained their adult height to the same extent of the control group 32.

For ocular side effects, in a cross-sectional study of children taking inhaled beclomethasone
or budesonide, no cataracts were found on slit-lamp examination, even in patients who had
taken 2000 µg per day for more than 10 years 33.

Corticosteroids may cause non-specific central nervous system adverse effects such as
emotional lability, anxiety, euphoria, depression, aggressiveness, and insomnia. For inhaled
corticosteroids the evidence is limited to isolated case reports in a total of eight patients, two
adults and six children 34,35,36,37. The manifestations have been hyperactive behaviour,
aggressiveness, insomnia, uninhibited behaviour, and impaired concentration. One case
involved was an adult using nasal spray of beclomethasone dipropionate 34], and the
remainder were using inhaled budesonide (200–1,200 ug/day) in one adult and six children
under the age of 5 years. In most cases the changes occurred within the first 2 days, and
sometimes the causality was proved by improvement on discontinuation and recurrence on
reintroducing the same drug. A few patients tolerated lower doses of the same drug or
switching from budesonide to beclomethasone. All returned to normal after discontinuation
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of the inhaled corticosteroid. The only case report associated with fluticasone is a 52 years
old female asthmatic used inhaled Fluticasone 2mg/day and salmeterol for 2 years presented
with Cushing's syndrome with proximal myopathy, osteopenia, hypertension, depressive
psychosis, and adrenal suppression. Here symptoms improved after treatment changed to
Budesonide 0.8mg/day and montelukast 38.

Conclusions
Inhaled corticosteroids are the first line therapy for asthma in all ages [2. They are the most
effective asthma therapy currently available, and numerous studies have documented their
long-term efficacy in asthma control in adults and in children. Of paramount importance is
the question of safety as inhaled steroids are likely to be required for a long time. The
development of side effects to medication will inversely influence the adherence to such
medication. Potential but small risk of side effects is well balanced by efficacy. Spacer
devices with MDIs and mouth washing with DPIs after inhalation decrease oral candidiasis.
High daily doses may be associated with skin thinning and bruises, and rarely adrenal
suppression. Local side effects are hoarseness and oropharyngeal candidiasis. Medium and
high doses have produced minor growth delay or suppression average 1 cm in children.
Attainment of predicted adult height does not appear to be affected [2.
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