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A large volume spacer significantly reduces the
effect of inhaled steroids on bone formation
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Summary
Inhaled steroids are increasingly ad-
vocated as first line treatment for mild
asthma. Some studies suggest that in-
haled steroids suppress bone formation
as reflected by a fall in plasma osteocal-
cin. Spacers have been shown to increase
the proportion of inhaled aerosol that is
deposited in the lungs and to reduce the
amount swallowed.
We measured plasma osteocalcin levels

to determine the effect on bone formation
of inhaled beclomethasone dipropionate
(BDP) with and without a 750 ml spacer in
a double-blind, randomised, placebo-
controlled, cross-over study. Twenty-six
healthy male volunteers took BDP 500 jg
(two puffs of Becloforte) together with
two puffs of placebo, inhaled twice daily
for seven days. One inhaler was taken
directly while the other was inhaled
through a 750 ml spacer. After a two week
washout period, the inhalers were
exchanged so that BDP was taken by the
alternate route for a further seven days.
Fasting plasma osteocalcin levels were
measured at 09.00 h before and at the end
of each week.
After a week of BDP taken directly

(without a spacer), osteocalcin levels fell
from 11.8 (SEM 0.6) ng/ml to 9.5 (SEM
0.5) ng/ml (p<0.001). After a week of
BDP taken through a spacer, osteocalcin
levels fell from 12.1 (SEM 0.5) ng/ml to
11.1 (SEM 0.5) ng/ml (p<0.001). The fall
in osteocalcin when a spacer was used was
significantly less than when BDP was
taken directly (p< 0.005). This is likely to
be because the systemic effects on bone
are caused by swallowed rather than
inhaled BDP, and this is limited by the
use of a spacer. Spacers should be more
widely prescribed with inhaled steroids.
Further prospective studies are indicated
to evaluate whether spacers protect bone
mass.

Keywords: spacers, steroids, bone

Introduction

Corticosteroids play a central role in the pro-
phylaxis and treatment of asthma but their
systemic use is severely limited by side effects.
They are well known to cause progressive bone

loss' and have been associated with symp-
tomatic osteoporosis.2 The use of inhaled
rather than systemic steroids limits these and
other side effects. Compared with oral steroids,
they have been perceived as risk free but as the
number of prescriptions for inhaled steroids
has risen, so has the incidence of reported side
effects.'3

Inhaled steroids are now advocated for the
primary treatment of mild asthma.4'6 This
means that many patients will be exposed to
inhaled steroid therapy for prolonged periods.
It is thus important that systemic steroid
absorption from inhalers is minimised.

Spacers have been widely advocated for use
by the elderly and by very young patients who
may have difficulty co-ordinating their
breathing with actuation of a metered dose
inhaler. Recently, spacers have been advocated
more widely.7 Compared with the use of a
metered dose inhaler alone, spacers increase the
proportion of the dose delivered to the airways,
while reducing the proportion swallowed, and
may thereby reduce the total systemic exposure
to steroid.8

Osteocalcin is a 49 amino acid vitamin-K-
dependent peptide produced exclusively by
osteoblasts.9 It is degraded in the kidney with a
very short plasma half-life,'0 and its plasma
concentration is thus a good marker of osteo-
blast activity. We have previously shown that a
standard dose of beclomethasone dipropionate
(BDP) (500 jig bid) significantly and rapidly
suppresses osteocalcin."1 Osteocalcin has been
shown to be suppressed by doses as low as
400 fig BDP daily and the degree of suppres-
sion seems to be dose dependent.'2 Total
alkaline phosphatase is a less specific marker of
bone formation, as a significant proportion of
serum alkaline phosphatase comes from liver.
Bone-specific alkaline phosphatase should be
more specific. The extent to which osteocalcin
and alkaline phosphatase levels may be supp-
ressed by steroids is controversial.""13'4
The aim ofthe present study was to assess the

effects ofa spacer on BDP-induced suppression
of osteocalcin and bone-specific alkaline phos-
phatase, in order to discover whether a spacer
might limit systemic exposure to inhaled
steroids.

Subjects and methods

Thirty healthy volunteers were recruited from
male members of medical staff. Morning blood

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.71.833.156 on 1 M
arch 1995. D

ow
nloaded from

 

http://pmj.bmj.com/


Inhaled steroids, spacer device and bone formation 157

samples were taken to measure fasting plasma
osteocalcin, total serum alkaline phosphatase
and bone-specific alkaline phosphatase both
before and at the end of two seven-day treat-
ment periods. For each treatment period,
volunteers were asked to inhale two puffs twice
daily from each of two inhalers. The first was
always taken through a large volume spacer
(Volumatic) while the second was always taken
directly. One contained placebo while the other
contained active BDP in random order. The
key was held by the hospital pharmacy. The
inhalers were swapped over for the second
treatment period. At least two weeks elapsed
between the end of the first treatment period
and the start of the second. All volunteers were
instructed in inhaler technique both with and
without a spacer. Written informed consent
was obtained for each subject and the study was
approved by the Hammersmith Hospital
Ethics Committee.
Compliance was checked by weighing the

inhalers at the beginning and end of each
treatment period. All volunteers were given a
diary card to fill in.
Four volunteers were excluded because of

non-compliance: all had taken less than 60% of
the stated dose, and in one case there was no
change in the weight of the inhalers over the
entire study! In the remaining 26 volunteers
(mean age 30 years; SD 4.8), there was a good
correlation between diary cards and the
number of actuations of inhaler used. Each puff
of the active inhaler contained 250 fig of BDP.
Volunteers were therefore taking 500 ytg twice
daily, a standard prophylactic dose for asthma,
either directly or via a spacer. The placebo
inhaler taken by the alternative route contained
propellant only and was supplied by Allen &
Hanbury's for demonstration purposes.

ASSAYS
All blood samples were collected into heparin
and trasylol. Plasma was separated, frozen on
dry ice immediately after collection, and stored
at - 20°C for no longer than three months. All
samples were given random numbers and
assays were carried out blind. Plasma osteocal-
cin was measured using a second antibody
radioimmunoassay (CIS (UK) Ltd, High
Wycombe, Bucks) with a between-batch
coefficient of variation of5.4% and 6.8% at 3.8
and 15.9 ng/ml, respectively. Bone-specific
alkaline phosphatase was measured using an
immunoradiometric assay (TandemR_

OstaseM, Hybritech Inc, San Diego, CA
92126, USA) which utilises monoclonal
antibodies which react preferentially with
bone-specific alkaline phosphatase.'5 The
between-batch coefficient of variation was
9.8% at 21.9 ng/ml. The reference range for
bone-specific alkaline phosphatases in normal
males is 7.0-28.0 ng/ml.
Serum samples were analysed for calcium,

albumin, creatinine and total alkaline phos-
phatase using routine Technicon SMAC
methods.

STATISTICS
Changes in all levels with and without a spacer
were compared using Student's paired t-test.
ANOVA was used to compare changes between
the groups.

Results

There were no side effects from either of the
inhalers. Baseline plasma osteocalcin before
each treatment period did not differ
significantly, confirming that a two-week
washout period was adequate. After a week of
BDP taken directly (without a spacer),
osteocalcin concentrations fell from 11.8 (SEM
0.6) ng/ml to 9.5 (SEM 0.5) ng/ml (p< 0.001).
After a week of BDP taken through a spacer,
osteocalcin concentrations fell from 12.1 (SEM
0.5) ng/ml to 1 1.1 (SEM 0.5) ng/ml
(p <0.001). The fall in osteocalcin when a
spacer was used was significantly less than
when BDP was taken directly (p< 0.005).
There was no significant change in creatinine,
calcium, bone specific, or total alkaline phos-
phatase, with either inhaler, used either
directly or via a spacer (see table).

Discussion

We have found plasma osteocalcin suppression
to be an extremely sensitive marker of acute or
short term systemic exposure to cortico-
steroids. Plasma osteocalcin concentrations are
reliably suppressed by doses ofinhaled steroids
that are commonly used to treat asthma. The
test is sensitive enough to distinguish between
systemic exposure with and without a spacer.
Osteocalcin concentrations return to baseline
within two weeks of the inhaled steroid being
discontinued.

Previous attempts to assess systemic steroid
exposure have used the status of the hypo-

Table The effect of inhaled beclomethasone either taken directly or via a spacer. SEMs in parentheses.
Beclomethasone-induced suppression of osteocalcin is significantly reduced (from 2.25 to 1.01; p<0.005) when
a spacer is used

Test Direct Via spacer

paired paired
pre post difference pre post difference

Alkaline phosphatase (IU/1) 85.2 (9.4) 84.9 (9.2) NS 85.4 (8.8) 83.6 (8.6) NS
BSAP (ng/ml) 12.92 (1.08) 13.10 (1.04) NS 13.86 (1.28) 13.76 (1.26) NS
Calcium (mmol/l) 2.34 (0.02) 2.37 (0.02) NS 2.35 (0.02) 2.35 (0.02) NS
Creatinine (lmol/l) 99.1 (1.96) 96.2 (1.74) NS 97.9 (1.79) 97.8 (2.22) NS
Osteocalcin (ng/ml) 11.77 (0.56) 9.52 (0.52) 2.25 (0.317) 12.06 (0.52) 11.05 (0.52) 1.01 (0.151)
NS: not significant, BSAP: bone-specific alkaline phosphatase.
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thalamic-pituitary-adrenal (HPA) axis. This is
difficult to assess reliably after steroid expo-
sure. Acute steroid exposure rapidly sup-
presses both adrenocorticotropic hormone
(ACTH) and cortisol.'6 Small doses of systemic
corticosteroid, such as that inadvertantly
absorbed from a metered dose inhaler for
asthma prophylaxis, have been thought to have
a negligible effect on the HPA axis however.
Doses larger than those used routinely have
thus been used to study the effects of spacers.
Farrer et al used a single large dose (2 mg BDP)
and reported that 09.00 h cortisol suppression
was less marked when a spacer was used.'7 Such
a study has not been possible with more usual
doses of inhaled steroid because the large
variability of all measures of the HPA axis,
including stimulation tests, urinary and serum
cortisol,'8 and ACTH'9, makes small changes
difficult to detect.

Teelucksingh et al found that osteocalcin
suppression was more sensitive to acute steroid
exposure than any test of the HPA axis. They
showed that the metyrapone test was the most
sensitive measure of HPA axis suppression
following acute steroid exposure20 and that
800 ptg daily of inhaled BDP could be detected
using this relatively invasive test. They also
found that osteocalcin levels were suppressed
by half this dose.'2

Neither total nor bone-specific alkaline
phosphatase were suppressed after a week of
inhaled BDP by either route. The plasma
half-life of alkaline phosphatase is between two
and three days2' whereas that of osteocalcin is a
number of hours.'0 This might explain why we
found a significant fall in osteocalcin without a
change in bone-specific alkaline phosphatase.
Nielsen et al'3 gave 40 mg prednisolone daily to
volunteers for five days and found a 75% fall in
osteocalcin but only a 6% fall in alkaline
phosphatase.

It should be remembered that the clinical
significance of changes in osteocalcin in
patients taking oral or inhaled steroids is still
uncertain. Osteocalcin is only a marker ofbone
formation and the development of osteoporosis
is a balance between bone formation and bone
resorption. Markers of bone resorption were
not measured in this study. Some studies'4 have
found evidence of increased bone resorption as
suggested by increased urinary hydroxypro-
line: creatinine ratios while others have found
no change.'3 As no studies have shown a

Summary points

Large volume spacer devices
* significantly reduce systemic steroid exposure
* significantly increase the amount ofdrug

deposited in the lungs

reduction in bone resorption with steroids, it
seems likely that a reduction in bone formation
will result in a reduction in bone mass. Urinary
crosslinkers of collagen can now be measured
and are a much better marker of bone resorp-
tion then hydroxyproline. These should be
measured in future studies to evaluate the effect
of steroids on bone resorption.
We believe that osteocalcin is the best marker

ofsteroid exposure. Osteocalcin concentrations
should thus be measured in further volunteer
studies to compare the systemic absorption of
newer inhaled steroids as well as steroids given
by different methods such as diskhalers,
rotacaps, and with the different designs of
metered dose inhalers with the various spacers
available. Inhaled steroids with higher first-
pass metabolism should have a smaller systemic
effect if inadvertently swallowed. Other tests of
steroid exposure have not been sensitive
enough to detect such small differences.

Spacers are bulky and patients dislike carry-
ing them. We have shown that spacers signifi-
cantly reduce systemic steroid exposure and
they should therefore be advocated with all
inhalers. Spacers are likely to reduce systemic
effects by reducing the amount swallowed. A
radiotracer study showed that a large volume
spacer deposited 21% of the dose in the lungs
and 16% in the oropharynx while 56% re-
mained in the spacer.8 A metered dose inhaler
alone deposited 10-15% of the dose in the
lungs and 80% in the oropharynx.822 Clinical
studies using inhaled beta-2 agonists have
shown that spacers increase the effectiveness of
bronchodilatation by metered dose inhalers.23'24

Spacers should be more widely prescribed
with inhaled steroids. Further prospective
studies are indicated to evaluate whether
spacers protect bone mass.

This work was supported by a grant from The Fellow-
ship of Postgraduate Medicine.
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