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Abstract
Background-Systemic absorption of
inhaled corticosteroids may adversely
influence the function of the hypothal-
amo-pituitary-adrenal axis, bone metab-
olism, and circulating leucocytes. These
changes can be used to assess the safety
of different types and modes of adminis-
tration of these drugs.
Methods-The study was a randomised,
double dummy, crossover design with
nine healthy adults. It compared the
effects of beclomethasone dipropionate
and budesonide (given by metered dose
aerosols with and without their respec-
tive large volume spacers (Volumatic and
Nebuhaler) attached) on serum cortisol,
24 hour urinary free cortisol, and plasma
osteocalcin concentrations, and circulat-
ing neutrophils and lymphocytes. Sub-
jects inhaled the drug (1 mg) and
matching placebo at 0900 and 2200 hours
on each of six study days. Blood samples
were taken hourly for six hours after the
morning dose and at the end of the study
period.
Results-All results were within the ref-
erence ranges. Both drugs caused similar
reductions in serum cortisol four to six
hours after inhalation. These changes
were not affected by the use of a large
spacer and did not persist at 24 hours.
Use of spacers tended to increase the
haematological effects of the steroids.
Beclomethasone dipropionate inhaled
through a Volumatic provoked a rise in
circulating neutrophils compared with
placebo although lymphocyte numbers
were unaffected. Budesonide did not
influence neutrophil numbers but did
reduce circulating lymphocytes, num-
bers of which were further reduced when
the Nebuhaler was used. There were no
significant changes in plasma osteocalcin
concentration or 24 hour urinary free
cortisol excretion with budesonide, with
or without a spacer. Beclomethasone
dipropionate inhaled without a spacer
reduced urinary cortisol and plasma
osteocalcin at 24 hours; however, use of
the Volumatic protected against these
effects.
Conclusions-Attaching a Volumatic
reduces the systemic effects of 2 mg
aerosol beclomethasone dipropionate on

the hypothalamo-pituitary-adrenal axis
and circulating osteocalcin concentra-
tions. This study did not establish
whether the Nebuhaler reduces the sys-
temic effects of budesonide. When large
spacers are used, 2 mg per day of
beclomethasone dipropionate and budes-
onide seem to be equivalent in terms of
unwanted effects.

(Thorax 1993;48:967-973)

Systemic absorption of inhaled cortico-
steroids such as beclomethasone dipropionate
or budesonide may influence the activity of
the hypothalamo-pituitary-adrenal axis, bone,
carbohydrate and lipid metabolism, and cir-
culating leucocytes.' Such changes can be
used as markers of unwanted drug effects. It
is not clear which of these markers is most
sensitive to inhaled corticosteroids, or how
changes relate to the risk of major adverse
corticosteroid effects such as osteoporosis,
myopathy, and cataracts.

In an early study in adult volunteers,2
inhaled beclomethasone dipropionate at a
dose of 500 ,ug/day caused a rise in circulating
neutrophils and a fall in lymphocyte numbers
suggesting that a change in peripheral blood
leucocytes was a sensitive marker of systemic
effects. Tests of hypothalamo-pituitary-
adrenal function, usually measurement of
morning plasma cortisol concentrations, have
long been the standard method of assessing
systemic activity. Recently, there has been
much interest in indices of bone formation
and resorption. Circulating concentrations of
osteocalcin, a 49 amino acid protein pro-
duced by osteoblasts, seem to correlate well
with bone formation.'-5 Concentrations show
a circadian variation but, by contrast with
cortisol, are maximal at night and low around
noon." Systemic corticosteroids suppress
serum osteocalcin9-" and recent studies show
that inhaled corticosteroids may also have this
effect.8 12-17

In the treatment of asthma beclomethasone
dipropionate and budesonide seem to be
equipotent in therapeutic efficacy when simi-
lar doses are given. Some studies, however,
have reported that when doses >800 ug/day
are used, budesonide may have fewer sys-
temic effects.18-22 Most of these studies com-
pared the drugs given via the conventional
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metered dose aerosol but current United
Kingdom recommendations are that high
dose inhaled steroid treatment should be
given with a large spacer.23 Although there is
evidence that hypothalamo-pituitary-adrenal
suppression from high doses of beclometha-
sone dipropionate is reduced by a 750 ml
spacer (Volumatic),'s'6 it has been suggested
that the spacer (Nebuhaler) increases the
hypothalamo-pituitary-adrenal suppression
resulting from budesonide."

This study was designed to compare the
short term systemic effects of beclomethasone
dipropionate and budesonide given by
metered dose aerosols with and without their
respective spacers (Volumatic and Nebuhaler).

Methods
STUDY PROTOCOL
Nine healthy subjects (mean age 32-7 (range
23-56) years, five men) selected from hospi-
tal medical and nursing staff participated in
the study, which was of randomised double
blind double dummy crossover design. None
had taken corticosteroids previously. Each
was studied on six separate days; the washout
period between each study day was a mini-
mum of three days. On two days, subjects
inhaled beclomethasone dipropionate from a
metered dose aerosol with or without a
Volumatic attached, matching placebo being
taken by the alternative route. On another
two days, budesonide was inhaled with or
without a Nebuhaler and matching placebo
taken by the other route. Double placebo
inhalers were used on the other days. Two
double placebo days were necessary as it was
impractical to blind investigators and subjects
as to which spacer was being used and sub-
jects had to actuate the budesonide canister
more often than the beclomethasone dipropi-
onate canister to take the same total dose by
weight.
A total daily dose of 2 mg beclomethasone

dipropionate or budesonide (1 mg in the
morning and evening) was chosen as this
dose and dosing frequency is widely used and
is the maximum recommended.23 Canisters of
beclomethasone dipropionate dispensed 0-25
mg per puff and subjects therefore used active
and placebo inhalers in doses of four puffs
twice daily. Canisters of budesonide dis-
pensed 0-2 mg per puff and therefore during
the three budesonide study days, subjects
took five puffs twice daily from active and
placebo inhalers. All subjects were able to use
a metered dose aerosol efficiently. When
using the spacer, all took two inhalations
from the device for each actuation of the
aerosol and each inhalation was followed by a
breath hold of five seconds. The spacer study
medication was inhaled first, immediately
followed by conventional aerosol use. Mouths
were not rinsed.
On each study day, subjects attended at

0830 and a cannula was sited in a forearm
vein. They rested for 30 minutes, after which
a venous blood sample (10 ml) was drawn.

Following this, they took study medication,
started a 24 hour collection of urine, and
continued a normal working day. Further
blood samples were drawn at hourly intervals
for six hours after which the cannula was
removed. The second dose of study medica-
tion was taken at 2200 hours and the last
blood sample withdrawn at 0900 hours the
following day, when the urine collection was
completed. The study received ethics com-
mittee approval and all subjects gave verbal
consent.

ASSAYS
Blood samples were assayed for cortisol and
osteocalcin and a differential leucocyte count
was taken. Samples for cortisol assay were
allowed to clot and the serum was separated
and stored at -20°C until analysis. Serum
cortisol and the 24 hour urinary excretion of
free cortisol were measured by the same com-
mercial radioimmunoassay (Amerlex, Kodak
Clinical Diagnostics Ltd, Amersham, UK).
The interassay coefficient of variation (CV)
was 3*7% at 342 nmol/l and 3-2% at 760
nmol/l. In our laboratory, the reference range
for 0900 cortisol is 190-550 nmol/l and for
urinary free cortisol excretion 80-450
nmol/24 hours. Differential leucocyte counts
were performed by Coulter counter analysis.
The reference range for neutrophil count is
2-7-5 x 109/1 and for lymphocytes 1-5-4
x 109/1. Samples for osteocalcin assay were
collected into heparinised containers, cen-
trifuged immediately, and the plasma stored
at - 20°C. Osteocalcin was analysed by an in
house radioimmunoassay with an antibody
raised in rabbits to purified bovine osteocal-
cin (intra-assay CV 5%; interassay CV 12%;
reference range 2-12 pg/l). Differential leuco-
cyte counts and urine samples were analysed
immediately after collection. Blood samples
for cortisol and osteocalcin assays were
stored until completion of the study and
samples from an individual subject (48 in
total) were analysed in the same batch.

STATISTICAL ANALYSIS
Although the study was randomised and dou-
ble blind with respect to each drug, the differ-
ences between the large spacers and the dose
per actuation of the aerosols meant that direct
comparison between beclomethasone dipro-
pionate and budesonide could not be com-
pletely blinded without greatly complicating
the study design. The principal comparisons
were therefore between each drug and mode
of inhalation and their respective placebos.
The influence of drug and use of spacer on
the various circulating markers during the
first six hours after inhalation was assessed by
area under the curve analysis with statistical
significance determined by paired t tests.
These were also used to compare the 24 hour
measurements between groups. Bonferroni
corrections were used to adjust for multiple
comparisons. Changes in 24 hour urinary free
cortisol excretion were also analysed with
paired t tests. Statistical significance was
taken at the 5% level.
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Figure 1 Mean (SE) serum cortisol levels after inhalation of (A) beclomethasone dipropionate or (B) budesonide (1 mg
twice daily) with or without a large spacer (0-placebo; 0-conventional metered dose inhaler; U-spacer). Area under
the curvefrom three to six hours is significantly greater (p < 0-05) than placebo with both steroids; differences between
metered dose inhaler and spacer groups are not significant (see text).

Results
EFFECTS ON THE HYPOTHALAMO-PITUITARY-
ADRENAL AXIS
Figure 1 shows serum cortisol concentrations
after treatment with beclomethasone dipropi-
onate and budesonide. During the first three
hours cortisol concentrations were similar to
those obtained after placebo but, thereafter,
differences between curves for drugs and their
placebos were apparent. The area under the
curve from zero to six hours did not differ sig-
nificantly from placebo for both beclometha-
sone dipropionate and budesonide given
without a spacer. As suppressive effects on
serum cortisol within the first three hours had
not been expected, the area under the curve
over the three to six hour time period was

Beclomethasone Budesonide
dipropionate

Figure 2 Mean (SD) 24 hour urinary free cortisol excretion after inhalation of
beclomethasone dipropionate or budesonide (1 mg twice daily) with or without a large
spacer; *p < 0-01 v placebo andp = 0-05 v spacer.

also analysed. During this period the area
under the beclomethasone dipropionate curve
was greater than placebo whether a
Volumatic was used ("spacer" group, p <
0-02) or not ("metered dose inhaler" group,
p < 0-05). With budesonide the area under
the curve was greater when drug was taken
through the Nebuhaler (p < 0-05 v placebo);
without the spacer the difference approached
significance (p = 0-06). With both drugs, the
area under the curve without a spacer was
similar to when the spacer was used. Neither
steroid influenced the 0900 cortisol 24 hours
after the initial 1 mg dose (11 hours after the
second dose).

Figure 2 shows the results of 24 hour uri-
nary free cortisol excretion. Excretion was
reduced when beclomethasone dipropionate
was inhaled without a spacer (mean 172
nmolV24 hours) when compared with placebo
(mean 256 nmol/24 hours; p < 0-01) but was
similar to placebo values when the Volumatic
(mean 233 nmol/24 hours) was used. When
budesonide was inhaled, urinary cortisol was
similar with (212 nmol/24 hours) or without
(213 nmol/24 hours) a Nebuhaler and not
significantly different from placebo (234
nmol/24 hours). The difference between
beclomethasone dipropionate and budes-
onide inhaled without a spacer was not signif-
icant.

EFFECTS ON CIRCULATING LEUCOCYTES
Figure 3 shows the changes in peripheral
blood neutrophil and lymphocyte counts.
During the first six hours after beclometha-
sone dipropionate, the area under the lym-
phocyte curves was similar to placebo but the
area under the curve for neutrophils was
greater when a Volumatic was used (p < 0-02
v placebo). The area under the curve when
beclomethasone dipropionate was inhaled
without a spacer was intermediate between
placebo and spacer curves and not signifi-
cantly different from either. Results at 24
hours were also not significantly different
between groups. By contrast, the effects of
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Figure 3 Mean plasma neutrophil and lymphocyte numbers after inhalation of (A) beclomethasone dipropionate or (B)
budesonide with or without a large spacer (0-placebo; 0-metered dose inhaler (MDI); -spacer). For
beclomethasone dipropionate (*), area under the neutrophil curvefrom zero to six hours for spacer use is significantly
greater than placebo (p < 0-02). For budesonide (f), areas under the lymphocyte curves differ significantly for spacer v
metered dose inhaler and placebo (both p < 0-0) and metered dose inhaler v placebo (p < 0-05) (see text).

budesonide on neutrophils were similar to
placebo but the area under the lymphocyte
curve was reduced when the drug was inhaled
in conventional fashion (metered dose
inhaler, p = 0 05) and further reduced when
the Nebuhaler was used (p < 0-01 v metered
dose inhaler and placebo). There were no dif-
ferences at 24 hours. In a direct comparison
of beclomethasone dipropionate and budes-
onide, the area under the neutrophil curve
was greater with beclomethasone dipropi-
onate via the Volumatic than with budes-
onide via the Nebuhaler (p < 0 05); however,

there was a trend towards a difference
between the corresponding placebo curves.

EFFECTS ON OSTEOCALCIN
Figure 4 shows plasma osteocalcin concentra-
tions. There was considerable variation
between subjects and this is reflected in the
wide standard error bars. No significant
changes were observed with either drug dur-
ing the first six hours. When beclomethasone
dipropionate was inhaled without a spacer,
plasma osteocalcin at 24 hours was signifi-
cantly lower than when placebo was given
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Figure 4 Mean (SE) plasma osteocalcin levels after inhalation of (A) beclomethasone dipropionate or (B) budesonide
(I mg twice daily) with or without a large spacer ( -placebo; 0-metered dose inhaler; -spacer); *p < 0-01 v

spacer and placebo.
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(p < 0 01) or the spacer was used (p < 0 02).
By contrast budesonide did not influence 24
hours osteocalcin. In a direct comparison, the
effect of beclomethasone dipropionate was
not significantly different from that of budes-
onide;

Discussion
With increasing use of high dose inhaled cor-
ticosteroid treatment, there is a need to estab-
lish whether similar doses of beclomethasone
dipropionate and budesonide have clinically
important differences in unwanted systemic
effects. This study compared the short term
influences of these drugs, administered by
metered dose aerosol, on the adrenal axis,
plasma osteocalcin concentrations, and circu-
lating leucocytes. After inhalation of 1 mg of
each drug at 0900 hours, similar suppressive
effects on serum cortisol concentrations were
observed after four to six hours although
results were still within normal limits.
Attaching a large spacer did not significantly
influence the degree of suppression during
this period although examination of the
curves for beclomethasone dipropionate (fig
1) suggested that serum cortisol concentra-
tions were recovering at six hours when the
drug was taken through a spacer but not
when taken in conventional fashion.
Unfortunately serum cortisol was not mea-
sured between six and 12 hours to establish
whether this possible protective effect was
sustained. When the effects of the total dose
of 2 mg on the hypothalamo-pituitary-adrenal
axis were assessed by 24 hour urinary free
cortisol determination, excretion was only
maintained when a Volumatic was used. This
is consistent with a protective effect of this
spacer on suppression of the hypothalamo-
pituitary-adrenal axis as shown in earlier
studies.2426 The 2 mg total dose of budes-
onide did not significantly reduce urinary
cortisol whether or not a Nebuhaler was used.
The spacer was also shown to protect

against the effects of beclomethasone dipropi-
onate on circulating osteocalcin. At the end
of the 24 hour study period, plasma osteocal-
cin concentrations were significantly lower
after beclomethasone dipropionate inhaled
without the spacer than when the Volumatic
was used. Budesonide with or without the
Nebuhaler did not significantly affect plasma
osteocalcin concentrations. When compared
with placebo, there were also differences
between the systemic effects of beclometha-
sone dipropionate and budesonide on circu-
lating neutrophils and lymphocytes.
Neutrophil counts rose after inhalation of
either placebo, possibly due to the presence
of an indwelling cannula although an effect
from aerosol propellants could not be
excluded. When compared with placebo,
neutrophil numbers were significantly higher
after beclomethasone dipropionate was
inhaled through a Volumatic. There was no
evidence for a protective effect from the
spacer for this marker of systemic effect.
Budesonide did not influence neutrophils but

slightly reduced circulating lymphocytes, an
effect that was significantly more pronounced
when the Nebuhaler was used.
The difference in appearance of the large

spacers and the greater number of puffs of
trial medication on budesonide study days
meant that direct comparison of beclometha-
sone dipropionate with budesonide for any
marker of systemic effect was not completely
blinded. When beclomethasone dipropionate
and budesonide were directly compared with
or without spacers, however, there were no
significant differences for any marker of sys-
temic effect (apart from neutrophil numbers
when analysis may have been confounded by
a trend towards a difference between placebo
curves). We cannot exclude the possibility
that differences would have been found if a
larger number of subjects had been studied or
chronic dosing used.
The systemic effects of high doses of

beclomethasone dipropionate and budeson-
ide have been compared in at least seven
studies. In a double blind study, Johansson
et al 18 measured plasma cortisol and periph-
eral white cell counts in 12 healthy adults at
0800, 1000, and 1200 hours, after single
doses of 0-4, 0-8, and 3-2 mg of beclometha-
sone dipropionate or budesonide had been
taken at 2200 hours the night before. Area
under the curve analysis of the limited num-
ber of plasma cortisol data points showed
greater suppression caused by beclometha-
sone dipropionate at the highest dose. In an
open study, Lofdahl'9 selected 12 healthy
adults who showed pronounced reductions in
serum cortisol in response to 4-5 mg
beclomethasone dipropionate a day for two
days. In these subjects, 1-5 mg beclometha-
sone dipropionate and 2-4 mg budesonide,
both given for two days, caused similar reduc-
tions (20%) in morning serum cortisol con-
centrations. The increases in cortisol
suppression when these doses were doubled
and trebled were also similar, suggesting that
if the same doses were given, budesonide
would have less systemic effect than
beclomethasone dipropionate. Pedersen20
reported an open crossover study in which
asthmatic children (some using spacers) were
treated with beclomethasone dipropionate or
budesonide (0-8-1-2 mg/day), each treatment
period lasting six weeks. Twenty four hour
urinary free cortisol excretion was signifi-
cantly higher during budesonide treatment.
No effect of the spacer was seen. In a double
blind study of asthmatic adults, Ebden et al28
found similar reductions in morning plasma
cortisol resulting from treatment with 1-5 mg
beclomethasone dipropionate and 1-6 mg
budesonide (given by a small collapsible
spacer), each for six weeks. Jennings2' com-
pared the drugs at doses of 0-8 and 2-5
mg/day in an open study of healthy subjects.
Dose related suppression of adrenal function
and serum osteocalcin was seen with both
drugs and effects were significantly greater
with beclomethasone dipropionate. Two
studies have compared the drugs given by
large spacer. Ali et al 22 measured indices of

971



Brown, Matusiewicz, Shearing, Tibi, Greening, Crompton

bone resorption (urine hydroxyproline/creati-
nine ratio) and formation (serum alkaline
phosphatase) in healthy men and found that
these were adversely influenced by
beclomethasone dipropionate (2 mg/day) but
not by budesonide (1'8 mg/day). The drugs
were not compared at the same dose and the
number of data points used in the area under
the curve analysis was small. Prahl gave both
drugs via a Nebuhaler in an open study29 and
found interindividual differences in degree of
suppression of urinary cortisol in some chil-
dren but no difference between beclometha-
sone dipropionate and budesonide.

This study provides further evidence that
when high dose inhaled corticosteriods are
given by metered dose aerosol without a large
spacer attached, the systemic effects with
beclomethasone dipropionate are greater than
with budesonide. The magnitude of changes
in serum and urinary cortisol and plasma
osteocalcin concentrations and circulating
neutrophils was small with results remaining
within reference ranges. This study did not
examine the effects of chronic dosing but if
long term treatment of asthmatic patients
caused changes of similar magnitude, it is
unlikely that these would be clinically impor-
tant. Also evident is the relative insensitivity
of 0900 serum cortisol concentration as a
screening test for the systemic effects of
inhaled steroids. Changes in serum cortisol
profile, 0900 plasma osteocalcin and 24 hour
urinary free cortisol were not accompanied by
any change in 0900 serum cortisol. Studies
that do not find any differences in the sys-
temic effects of different doses or types of
inhaled corticosteroid should be interpreted
with caution if the sole marker of systemic
effect is the morning cortisol concentration.
The relation between effects of steroids on

indices of hypothalamo-pituitary-adrenal
function and bone metabolism and clinically
important adverse effects such as osteoporo-
sis, cataracts, myopathy, and risk of adrenal
crisis, is still unclear. We have not found evi-
dence of a reduced cortisol stress response to
acute asthma in patients taking high dose
inhaled steroids30 and have suggested that
identifying hypothalamo-pituitary-adrenal
axis suppression may be useful in predicting
which patients are more likely to suffer
adverse effects on connective tissue.3132 Proof
is lacking that the frequency of these effects is
increased if subnormal hypothalamo-pitu-
itary-adrenal axis function is present. There is
considerable concern that long term use of
high dose inhaled steroids might cause osteo-
porosis but if systemic absorption of an
inhaled steroid causes only minor reduction
in endogenous steroid production, it is
unlikely that the net result will be increased
steroid effects on bone. The value of markers
of bone metabolism such as circulating osteo-
calcin has yet to be established: a recent
cross sectional study did not find reduced
concentrations in asthmatic patients with
reduced bone density." Longitudinal studies
of bone density with parallel measurements of
hypothalamo-pituitary-adrenal function and

bone biochemistry should determine which
test is most useful in predicting a high risk of
osteoporosis; such studies have yet to be
reported.

This study found that the Volumatic pro-
tects against systemic effects of high dose
aerosol beclomethasone dipropionate on the
hypothalamo-pituitary-adrenal axis and also
provides some evidence of protection against
bone effects. We did not establish whether
the Nebuhaler affords similar protection
against the systemic effects of budesonide.
We studied healthy subjects and it may be
argued that systemic absorption of an inhaled
steroid might be increased across an inflamed
asthmatic airway. Reports of a similar benefi-
cial effect from spacer use in adults2426 and
children34 with asthma suggest that this does
not occur. When large spacers are used, cur-
rently recommended maximum doses of
beclomethasone dipropionate and budes-
onide seem to have equivalent systemic
effects.
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