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Effects of high doses of inhaled corticosteroids on

adrenal function in children with severe persistent
asthma

T K Ninan, I W Reid, P E Carter, P J Smail, G Russell

Abstract
Background-Childhood asthma gener-
ally responds well to inhaled cortico-
steroids within the dosage range
recommended by the manufacturers, but
it is sometimes necessary to use higher
doses-that is, above 400 uglday-a prac-
tice which has become more widespread
recently. Whereas the lack of adrenal
suppression in children given inhaled
corticosteroids in normal doses is welli
documented, little is known about the
effects ofhigher doses.
Methods-The effects on adrenal func-
tion of high dose (above 400 ug/day)
inhaled corticosteroids were evaluated by
measuring cortisol concentration in the
morning and performing a short tetra-
cosactrin test in 49 children taking bud-
esonide (mean age 9-2 years (range 4 to
16 years) and 28 children taking beclo-
methasone dipropionate (10.2 years (5 to
13 years)). Twenty three non-asthmatic
children (8.9 years (4.9 to 13 years)) who
were under investigation for short
stature served as controls for the study.
Results-Compared with controls mean
basal cortisol concentration was lower in
children taking budesonide and beclo-
methasone dipropionate (control 401
(26.8) nmoUl, budesonide 284 (22) nmol/l,
beclomethasone dipropionate 279 (23.2)
nmol/l). Sixteen of the 49 children taking
budesonide had subnormal basal cortisol
concentrations compared with seven of
the 28 taking beclomethasone dipropi-
onate. Mean stimulated cortisol concen-
trations were lower in children taking
inhaled corticosteroids than in controls,
with no difference between those taking
budesonide or beclometiasone dipropionate.
Conclusions-Adrenal suppression occurs
in some children who are given inhaled
corticosteroids in doses greater than 400
cglday. It may therefore be advisable to
try alternative treatments before such
doses are used.

(Thorax 1993;48:599-602)

Inhaled corticosteroids are used as prophylax-
is against asthma. In the United Kingdom the
two most commonly used drugs are
beclomethasone dipropionatel and budes-
onide,' which have high topical activity with-
out producing discernible side effects when

used in conventional doses.3 Initially beclo-
methasone dipropionate and budesonide
were used in doses of up to 400 pg/day, but
more recently higher doses have been used to
improve control in adult patients with unsta-
ble and brittle asthma." Unwanted local side
effects such as dysphonia and oral candidiasis
are mild, reversible, and uncommon in child-
ren.7 Of more concern are systemic side
effects such as adrenal suppression, whose
occurrence varies3; some workers report no
suppression,4>'0 others find suppression only
at high doses,"'-13 and others find suppression
with normal doses.'4 Budesonide might pro-
duce less suppression of adrenal function
than beclomethasone dipropionate.'5

Since the mid 1980s and after reports of
adrenal suppression in adults taking high
doses of inhaled corticosteroids" 12 our prac-
tice has been to assess adrenal function in
asthmatic children taking such steroids in
doses greater than those recommended for
children in the manufacturers' data sheets-
that is, greater than 400,pg/day of either
budesonide or beclomethasone dipropio-
nate-by measuring basal cortisol concen-
tration in the resting fasted state and the
stimulated cortisol concentration after an
injection of 250,ug tetracosactrin ("short
Synacthen test").'6 Between 1986 and 1991
adrenal function was assessed in 77 children
who had been taking high doses of inhaled
corticosteroids (>400 pg/day) for six months
and longer. We analysed the results of these
tests with a view to determining the extent to
which adrenal suppression occurs in associa-
tion with high dose inhaled corticosteroids
and any differences which might exist
between the effects of budesonide and
beclomethasone dipropionate.

Methods
TETRACOSACTRIN TEST
After an overnight fast a blood sample was
taken through a cannula for assay of basal
cortisol concentration. Tetracosactrin 250 pg
was then given intramuscularly and after 30
minutes a second sample of blood was drawn
for assay of stimulated cortisol concentration.
Cortisol was assayed by radioimmunoassay
using a COATA-COUNT kit (Diagnostic
Products, Los Angeles, USA). A basal value
of 200 nmol/l or greater and a stimulated
value of 430 nmol/l or greater are accepted as
normal results and are modified from previ-
ous standards based on a fluorometric
method.'718
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Table 1 Numbers of children inhaling various doses of
budesonide and beclomethasone dipropionate

Beclomethasone
Dose (pg/day) Budesonide (n = 49) dipropionate (n = 28)

600 - 2
800 32 17
1000 1 6
1200 2 -

1500 - 2
1600 13
2000 - 1
2400 1 -

Table 2 Mean (SE) basal and stimulated cortisol concentrations in normal controls and
asthmatic children inhaling high doses of budesonide or beclomethasone dipropionate

Beclomethasone
Cortisol (nmolll) Controls (n = 23) Budesonide (n = 49) dipropionate (n = 28)

Basal 400-8 (26 8) 283-5 (22 0)* 278-6 (23.2)*
Stimulated 739 9 (33-1) 637-9 (20-1)t 644-3 (30-0)t

*p < 0-001, tp < 0-01, *p < 0-05 compared with values in controls.

PATIENTS
The short tetracosactrin test was performed
on three groups of children.

Children being treated with budesonide
Forty nine children (30 boys; 19 girls) aged
between 4 and 16 years (mean 9-2 years) with
severe persistent asthma required inhaled
budesonide in doses in excess of 400,ug/day
to achieve adequate control of their symp-
toms. The daily dose ranged from 800 to
2400 jug (table 1). The mean duration of
treatment was 29-9 months (range 6-96
months) before adrenal function was
assessed. Thirty children used a metered dose
aerosol inhaler, 12 a metered dose inhaler
with a spacer (Nebuhaler), and seven a dry
powder inhaler (Turbohaler).

Children being treated with beclomethasone
dipropionate
Twenty eight children (19 boys; nine girls)
aged between 5 and 13 years (mean 10-2
years) with severe persistent asthma required
inhaled beclomethasone dipropionate in
doses in excess of 400,ug/day for adequate
control of their symptoms. The daily dose
ranged from 600 to 2000 ,ug (table 1). The
mean duration of treatment was 24-7 months
(6-72 months) before adrenal function was

Figure 1 Distribution of
basal cortisol concentrations
in children receiving
budesonide by daily dose
(two values superimposed).
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assessed. Nineteen children used a metered
dose inhaler, three a metered dose inhaler
with a spacer (Volumatic), and six a dry pow-
der inhaler (Rotahaler).
The asthmatic children in both groups

were taking a constant dose of inhaled corti-
costeroids with the same inhaler device for at
least six months before the test, and none of
them had received systemic corticosteroids in
the six months before the date on which their
adrenal function was assessed. The patients
inhaled the steroid up to and on the evening
before the study. The tetracosactrin test was
performed before the morning dose was
given.

Height and weight were measured on the
day of admission and the body surface area
(BSA) was calculated with the DuBois
formula.'9
BSA=(height)0725 x (weight)0425 x 0.007184.
Total life time dose of inhaled cortico-

steroids was ascertained by reference to the
case record. Oral or parenteral corticosteroid
administration was not taken into considera-
tion in arriving at this total.

Children with short stature
Twenty three children (14 boys; nine girls)
aged between 4 9 years and 13 years (mean
8-9 years) had the short tetracosactrin test
performed as part of their diagnostic testing
for short stature. No endocrine or systemic
disorder was identified in any of these chil-
dren at the end of their investigations or at
follow up.

STATISTICS
The unpaired t test was used to compare the
significance of differences in the mean basal
and stimulated cortisol values between the
non-asthmatic children and the two groups of
asthmatic children.
The relations between the results of the

tetracosactrin stimulation test and the dose of
inhaled corticosteroids expressed as daily
dose (Ug/M2 BSA) and as total life time dose
were expressed as correlation coefficients.

ETHICAL PERMISSION
Ethical permission was not obtained because
the short tetracosactrin test was performed in
all three groups of children as part of the clin-
ical service.

Results
CONTROLS
All the non-asthmatic short children had
normal basal (>200 nmolIl) and stimulated
(>430 nmol/l) cortisol concentrations.

)O - * * . CHILDREN INHALING BUDESONIDE
f. * . SThe mean basal and stimulated cortsol val-

o--.----- -------.-.--------------- ues were significantly depressed in children
inhaling budesonide when compared with the

o . non-asthmatic normal short children (table
0 1 1000 15 2000 2). Sixteen (33%) of the children inhaling
500 2500 budesonide had subnormal basal cortisol

concentrations (fig 1), four (8%) also having
Dose (j±g/m' BSA) low stimulated values (fig 2). Basal cortisol
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Table 3 Correlation coefficients between basal and stimulated cortisol concentrations and
dose of inhaled corticosteroid in children inhaling budesonide or beclomethasone
dipropionate

Dose/body surface area (i2) Life time dose

r p r p

Budesonide
Cortisol:

Basal -0-313 0-014 -0-208 0-076
Stimulated -0-190 0 09 -0-076 0-301

Beclomethasone dipropionate
Cortisol:

Basal -0-338 0-042 -0 553 0-001
Stimulated -0-145 0-230 -0-380 0-021
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concentration showed a negative correlation
with the daily dose (ug/m2 BSA) but not with
life time dose; stimulated cortisol concentra-
tion showed no significant correlation with
either the daily dose or the life time dose
(table 3).

CHILDREN INHALING BECLOMETHASONE
DIPROPIONATE
The mean basal and stimulated cortisol val-
ues were significantly depressed in children
inhaling beclomethasone dipropionate when
compared with the non-asthmatic normal
short children (table 2). Seven (25%) of the
children inhaling beclomethasone dipropi-
onate had subnormal basal cortisol values
(fig 3), three (10%) also showing low stimu-
lated values (fig 4). Basal cortisol concentra-
tion correlated negatively with both daily
dose and total life time dose; no correlation
was observed between the stimulated cortisol
concentration and daily dose, but there was a
negative correlation with life time dose
(table:

Discum
A wide
used t
steroid
measui

induce
beclon
300-5(
mum 1
ly les

Figure 2 Distribution of
stimulated cortisol
concentrations in children
receiving budesonide by
daily dose (two values
superimposed).
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Figure 3 Distribution of basal cortisol concentrations in
children receiving beclomethasone dipropionate by daily
dose (two values superimposed).
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Figure 4 Distribution ofstimulated cortisol concentrations
in children receiving beclomethasone dipropionate by daily
dose (two values superimposed).

3) non-asthmatic controls who were normal
short children.20 Wyatt et al observed low
morning cortisol concentrations, an abnormal

ssion response to metyrapone, and reduced urinary
- variety of different methods has been concentrations of free cortisol over 24 hours
o study the effects of inhaled cortico- in children taking a moderate daily dose of
Is on the adrenal gland. Vaz et at beclomethasone dipropionate (400-800 pg).21
red the cortisol response to insulin Law et al measured nocturnal plasma cortisol
d hypoglycaemia in children taking concentration by serial blood sampling in
nethasone dipropionate in doses of children on inhaled beclomethasone dipropi-
00 ,ug/day and found that the maxi- onate (300-1000 ,ug) and found clear evi-
Level of cortisol attained was significant- dence of dose related adrenal suppression;
s in the asthmnatic than in the they did not perform a stimulation test.22

Prahl et al assessed 18 children taking inhaled
corticosteroids (800-2000 ,ug) and observed

)o abnormal basal plasma cortisol concentration
in four out of 12 children, reduced urinary

0o * * * . free cortisol concentration in three out of 18,)O * and abnormal results in the tetracosactrin
....,.* stimulation test in three out of 12.23 We chose

)o e * ....to use the short tetracosactrin test because it
is quick, easy to perform, and comparatively

0- non-invasive. This simple 30 minute test is as
reliable in detecting impaired adrenal func-
tion as the insulin hypoglycaemia test'6 and is
much safer.

Ideally, our control patients should have
o- 0 been asthmatic children not requiring inhaled
500 1000 1500 2000 2500 corticosteroids to control their symptoms at

Dose (,ug/m2 BSA) intervals, but although such children have
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21
been used in a previous study, we were
unable to justify such a study on ethical
grounds. Short children have been used
previously as controls in adrenal function
studies20; we therefore followed established
precedent and used short children as con-
trols.
We made no attempt to assess patients'

compliance with treatment, but inhaler tech-
nique was checked regularly at clinic visits
and the inhaler device was tailored to each
child's aptitude.
The calculation of life time dose assumed

that patients took the doses that were recom-
mended at the clinic and transmitted to the
general practitioner by letter after each visit.
The possible long term effects of systemic
steroids used during asthmatic exacerbations
were not taken into consideration, but none
of the children had received systemic steroids
in the previous six months.

Inhaled corticosteroids are an integral part
of the management of asthma in childhood.
In practice most asthma in children will be
easily managed with conventionally recom-
mended doses and will not need close super-
vision by a hospital based service. We
therefore emphasise that we were dealing
with a highly selected group of children
whose asthma was brittle and difficult to
control, who required long term hospital
supervision, and who needed higher than
conventionally recommended doses of
inhaled corticosteroids, the effects of which
are to some extent dose dependent.24

In this study of children taking higher than
conventional doses of inhaled corticosteroids
we found that a depressed basal cortisol con-
centration compared with normal standard
values was not uncommon in patients taking
either budesonide or beclomethasone dipro-
pionate (see figs 1 and 3). An impaired
response to tetracosactrin was much less
common, suggesting that the adrenal reserve
was not impaired in most cases. When the
data were compared with those from normal
short children we found that basal cortisol
concentration was significantly lower in the
children taking high doses of inhaled cortico-
steroids, but again there was less impairment
of the stimulated cortisol concentration.

Four children inhaling budesonide had an
impaired response to tetracosactrin. The first
child had been taking 800 ,ug/day for the pre-
vious 20 months. The three other children
had been taking 1600 ,ug/day for the previous
six months. Previously they had been taking
varying doses of budesonide for one, 17, and
18 months.
The three children who had an impaired

response to tetracosactrin while inhaling
beclomethasone dipropionate had been tak-
ing daily doses of 800, 1500, and 2000
ug/day for the previous six months and their
doses of inhaled corticosteroids had varied for
14, 30, and 66 months.
A recent review concluded that in adults

clinically important adverse effects are rare
when inhaled corticosteroids are given in
doses of 800 ,ug/day or less.25 None of our

patients had clinically apparent adverse
effects despite the statistical relation between
total life time dose of inhaled corticosteroids
and adrenal function. Biochemical abnormal-
ities do not of course equate with clinical
abnormalities, but we recommend that alter-
natives (such as membrane stabilisers,
inhaled anticholinergics, long acting 132 ago-
nists, and theophylline) should be considered
before prescribing higher than conventional
dose of inhaled corticosteroids for children
with asthma.
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