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ABSTRACT: Inhaled steroids are frequently used in childhood asthma, but concerns
based on limited objective evidence remain, regarding long-term side-effects. In this
study the systemic effects of standard doses of inhaled steroids in childhood asthma
were assessed, comparing beclomethasone dipropionate (BDP) with fluticasone propi-
onate (FP).

The study was prospective, randomized and double-blind. Twenty-three steroid-
naive children with moderately severe asthma, aged 5±10 yrs, were allocated either
BDP (400 mg.day-1) or FP (200 mg.day-1) using a metered-dose inhaler with a spacer.
Asthma control was assessed at regular intervals over 20 months. Fasting morning
blood and overnight urine samples were collected for estimation of serum cortisol,
serum 1-carboxyterminal telopeptide (1CTP), serum osteocalcin and urine deoxypy-
ridinoline (DPD). Bone mineral density (BMD) was measured at each visit.

None of the markers of bone turnover showed any change during the study period.
BMD increased at normal rates with age. Serum cortisol significantly decreased on
BDP, but not on FP. A significant difference in growth rates was found between the
groups, with a slower rate of growth towards the end of the observation period in the
BDP group.

In conclusion when taken in a relatively modest dose over a period of time, beclo-
methasone dipropionate had significant effects on the hypothalamic±pituitary±
adrenal axis and statural growth in childhood asthma. These systemic effects were not
seen with an equipotent dose of fluticasone propionate.
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Corticosteroids are widely used as anti-inflammatory
drugs in asthma. Oral steroids were introduced more than
40 yrs ago. There is clear evidence of systemic effects
with oral steroids on adrenal function, growth and bone
metabolism [1±5] when used to treat children with asth-
ma. In addition, oral steroids have detrimental effects on
carbohydrate, protein and fat metabolism, leading to cush-
ingoid changes and hyperglycaemia. The introduction of
inhaled steroids with high topical potency has avoided
many of these side-effects, making them the mainstay of
treatment [6]. There are now calls to use these in ever-in-
creasing doses at earlier ages in milder disease. There are
concerns, however, of systemic effects even with these
drugs, especially in the growing child. There is some evi-
dence of systemic effects with the use of inhaled steroids,
in adults [7] as well as in children [8, 9]. However, the
data so far available in children have shown discordant
results, with some attributing delayed growth to the chron-
ic disease rather than the treatment [10, 11].

There is some evidence of the effects of inhaled steroids
on endogenous cortisol production. Beclomethasone dipro-
pionate (BDP) has been shown to produce adrenal sup-
pression in therapeutic doses [12±14]. It has been claimed
that fluticasone propionate (FP), with its better safety
profile, is much less likely to produce endogenous cortisol

suppression at equipotent doses [15±17]. The clinical re-
levance of these measures of systemic effects remains to be
established. There is, therefore, an urgent need for further
studies in childhood asthma comparing the original in-
haled steroid, BDP, with newer alternatives, in convention-
al doses. These should ideally be medium- to long-term,
initially excluding the confounding effects of puberty, but
ultimately following through to adulthood.

This study was set up with the aim of looking at med-
ium-termsystemiceffectsof inhaledsteroidsover20months
in a group of prepubertal children with moderately severe
asthma, comparing BDP with the newer compound FP.
The authors use 400 mg.day-1 BDP as a starting dose in
children of this age and, therefore, this was the dose cho-
sen for the study. FP has been shown to be equipotent in
half the dose of BDP [16], thus making a dose of 200
mg.day-1 appropriate for comparison.

Subjects and methods

Subjects

The study was designed to involve children with mod-
erately severe asthma, whose control was unsatisfactory
and who would have been starting prophylactic therapy as
per international guidelines [6]. It was extremely difficult

Eur Respir J 1999; 13: 87±94
Printed in UK ± all rights reserved

Copyright #ERS Journals Ltd 1999
European Respiratory Journal

ISSN 0903-1936



to find children in the required age group of 5±10 yrs who
had not already been started on inhaled steroids. This is
probably a reflection of the success of publicity promoting
the early use of inhaled steroids.

Twenty-three steroid-naive children with moderately sev-
ere asthma were entered into the study after meeting the
inclusion criteria during a two-week run-in period. Of
these, two did not enter the extended phase of 1 yr owing
to late recruitment and constraints of time. The overall
period of recruitment was 1 yr. No patients dropped out of
the study. In order to achieve high levels of compliance,
there were frequent clinic visits, reinforced by telephone
contact between visits. Inhaler techniques and diary cards
were checked carefully on every visit. Subjects were en-
couraged to contact the team at any time if they were hav-
ing problems with asthma control. The age range of 5±10
yrs was selected for the following reasons. The lower age
limit was set by the children's ability to perform reliable
and repeatable spirometry, peak flows and treadmill ex-
ercise tests, while the upper age limit was set to exclude
changes in physical and physiological parameters due to
puberty and to take advantage of the almost linear growth
rates during this period.

None of the patients had received oral steroids in the 2
weeks preceding entry into the study. Entry was delayed if
there was evidence of a respiratory tract infection in the
preceding 2 weeks. The subjects also had to demonstrate
at least one of the following features: 1) asthma symptoms
of at least a score of 1 (out of a maximum of 6, scores of
0±2 each for daytime, night-time and exercise-induced
symptoms) on at least 2 separate days out of 7 consecutive
days recorded in the diary card during the run-in period;
2) diurnal variation in peak flows $20% on at least 2 out of
7 consecutive run-in days; and 3) one acute exacerbation of
asthma during the previous month.

Ethical approval was obtained from the Southampton
joint ethics committee. Written informed consent was ob-
tained from a parent and the child at the time of entry into
the run-in period.

Protocol

The study was a randomized, double-blind, parallel-
group study, with placebo control for an initial period of
10 weeks (fig. 1). The children were randomized into three
groups and started on metered-dose inhalers (MDI) with
VolumaticTM spacers (GlaxoWellcome, Middlesex, UK):
group 1 received BDP 200 mg twice daily, group 2 re-
ceived FP 100 mg twice daily and group 3 received pla-
cebo (only for the first 10 weeks) 2 puffs twice daily.

Although a control group for the entire 20-month per-
iod would have been ideal, it was considered ethically un-
acceptable to continue children with significant symptoms
on placebo for such a length of time. At 10 weeks into the
study, the placebo group was merged with group 2. This
was carried out as there was a paucity of long-term data
on FP and resulted in a 2:1 distribution of subjects on FP
versus BDP (15 versus 8). The subjects were seen at 2
weeks for a blood and urine test. They had regular clinic
visits at 10-weekly intervals for the first 30 weeks, then at
6 monthly intervals for an extended phase of a further year.
Telephone contact was made halfway between clinic visits.
The total duration of the study was 20 months. Con-
comitant use of sodium cromoglycate, started prior to re-
cruitment, was allowed (two children). None of the patients
were using long-acting b2-agonists or theophyllines.

Clinical measurements

At each clinic visit, asthma control was assessed using
diary cards, spirometry, exercise and histamine challeng-
es. Diary cards contained day and night symptom scores,
twice-daily peak flow measurements using a Mini-Wright
peak flow meter and frequency of rescue medication use.
Scores were out of a maximum of 6. Acute asthma exacer-
bations were also noted, as were any other illnesses. Other
than an occasional day when the child or parent forgot to
fill in the card, or when the child was away from home and
peak flows could not be performed, the cards were mostly
complete. Diary card data were collected for only the initial
8 months, as for the extension period of the study it was felt
inappropriate to ask the families to fill in daily records for a
whole year, with a clinic visit made only at 6-month inter-
vals. This could have led to incomplete and retrospective
recording, with potential recall bias.

Laboratory measurements

Fasting 09:00 h blood and overnight urine samples were
collected at each visit for the estimation of serum cortisol,
serum 1-carboxyterminal telopeptide (1CTP), serum osteo-
calcin and urine deoxypyridinolines (DPD). Serum osteo-
calcin was measured as a marker of osteoblast activity
(bone formation), while serum 1CTP and urine DPD were
assayed as markers of osteoclast activity (bone resorption).
Blood samples were centrifuged and serum stored at -708C
until analysis. Urine was aliquoted into 5-mL samples and
stored at -708C.

The recently developed monoclonal immunoassay from
Pharmacia Diagnostics (Uppsala, Sweden) was used for
measuring serum osteocalcin. The advantage of this assay
is that it only measures the intact osteocalcin molecule,
the monoclonal antibody (mAb 689), depending on the
conformity of the native molecule. It thus avoids errors
due to detection of fragments created during resorption
[18]. This is claimed to enhance its specificity significantly
compared with previous assays. It is essentially a fluore-
scent immunoassay using the Pharmacia ImmunoCAPTM

and CAPTM system. Reference ranges for children under 9
yrs were: mean 25 mg.L-1, range (95% confidence interval
(CI)) 18±35 mg.L-1, detection limit <0.5 mg.L-1, interassay
coefficients <8% and intra-assay coefficients <7.2%.

Run-in

BDP 400 µg·day-1

FP 200 µg·day-1

Placebo

82563020102
Time  weeks

Fig. 1. ± Study protocol. BDP: beclomethasone dipropionate; FP: fluti-
casone propionate.
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Serum 1CTP was measured using a radioimmunoassay
(RIA) kit (Orion Diagnostica, Espoo, Finland); 100 mL ser-
um sample was mixed with 200 mL 125I-labelled 1CTP.
The two antigens were allowed to compete for the limited
number of binding sites on 200 mL 1CTP antiserum. After
washing away the excess antigen, the radioactivity in the
precipitated antigen±antibody complex was counted on a
gamma counter and actual concentration of 1CTP calcu-
lated from a standard curve, on the principle that radioac-
tive antigen in the antigen±antibody complex is inversely
proportional to the sample antigen. Reference ranges for
children aged 4±10 yrs were: mean 11 mg.L-1, range (95%
CI) 8±18 mg.L-1, detection limit 0.5 mg.L-1, interassay
coefficients <6.7% and intra-assay coefficients <3.3%.

Urine DPD was measured using Pyrilinks-DTM (Metro
Biosystems, UK). This recently developed rapid assay
shows excellent correlations with measurements made us-
ing the accurate but tedious ion-paired reversed-phase high-
precision liquid chromatography. It works as a competitive
enzyme immunoassay in a microtitre-plate format, utiliz-
ing a monoclonal antibody against DPD coated on the plate.
Free DPD in the urine sample competes against a conju-
gate of DPD±alkaline phosphatase for the antibody. The
reaction is detected using a substrate, the optical density
being read at 405 nm. A four-parameter curve fit is needed
for accurate results. The results were corrected for urine
creatinine and expressed as nM DPD.mmol of creatinine-1.
Reference ranges for children aged 5±10 yrs were: mean
26 nM.mmol creatinine-1, range 11±49 nM.mmol creati-
nine-1, detection limit 1.1 nM.mmol creatinine-1, intra-ass-
ay coefficients <9.5% and interassay coefficients <10.3%.

Fasting serum cortisol levels were measured at 09:00 h
on each visit for every child, to assess systemic effects of
the inhaled steroids on the hypothalamic±pituitary±adrenal
(HPA) axis. The blood samples were assayed at the clini-
cal trials unit at West Middlesex Hospital. The method
employed was an enzyme linked immunoassay (Enzymun-
Test System ES 300TM; Boehringer Diagnostics, UK). The
normal value range for children was 100±500 nmol.L-1.
The minimum detection limit was 27.6 nmol.L-1. Inter-
assay coefficients of variation were <4.2% and intra-assay
coefficients were <4.3%.

Bone mineral density (BMD) measurements of lumbar
spine and total body were carried out by dual-energy X-
ray absorptiometry (DEXA), using a LunarTM densitome-
ter (Lunar, USA). Bone density is a measure of architecture,
a three-dimensional structural reflection of changes in bone
turnover over a prolonged period. The spine is mainly
formed of trabecular bone, turnover of which is much more
rapid than that of cortical bone, especially in the growing
child. This makes it a sensitive region in which to measure
subtle changes, as would occur with the use of steroids.

At the same time during each visit (10:00±10:30 h), the
children had their height measured using a Harpenden sta-
diometer. The mean value of three measurements was re-
corded. All height measurements were carried out by one
of two observers (R. Gregson or E. Miles) using the same
technique, with the child steadied by slight upward pres-
sure on the angle of mandible and the head in the "Frank-
furt plane" (external auditory meatus lined up horizontally
with lower margin of orbit). Height measurements were
converted into standard deviation scores (SDS) using the
new British reference data [19]. All of the children were
rated as being prepubertal throughout the study.

Statistical analysis

All data were entered into an SPSSTM database (SPSS
Inc., Chicago, IL, USA). For statistical analyses, data were
split into three subgroups (including the placebo group)
for the first 10 weeks and two subgroups (BDP and FP)
thereafter. Regression analyses were performed on BMD
measurements and markers of bone turnover. Peak flow
variability, a measure of asthma control, was assessed us-
ing standard deviations of average monthly peak flow for
each subject. Regression coefficients were then calculated
over time to look for changes in standard deviations in
peak flows as evidence of asthma control. Slopes of the
two groups on BDP and FP were compared. Similarly,
monthly means of daily symptom scores were used for
each subject to calculate regression coefficients against
time and regression slopes of the two treatment groups
were compared. Parameters of airway calibre (forced
expiratory volume in one second (FEV1) and forced mid-
expiratory flow (FEF25±75%)), exercise- and histamine-
induced bronchial hyperresponsiveness were plotted and
regression analyses performed. Further detailed statistical
analyses were performed using the STATA 5 statistical
package for cross-sectional time-series longitudinal ana-
lysis with a random effects term to allow for between-
subject variation (Stata Corp., USA).

Results

Clinical efficacy

The baseline data for all the subgroups are given in
table 1. The groups were well matched, except for serum
immunoglobulin (Ig)E levels, which were significantly
higher in the BDP group. Parameters of airway calibre,
FEV1, and FEF25±75%, showed an improvement in the
first 20 weeks in the whole group (paired sample t-test for
FEV1, p=0.018), this was maintained thereafter but no
further improvements were seen (fig. 2). Similarly, the ex-
ercise-induced drop in FEV1, and histamine-induced bron-
choconstriction (provocative concentration of histamine
causing a 20% fall in FEV1 (PC20)) showed a response in
the initial few weeks. Linear regression against time show-
ed only the BDP group attaining significance (table 2).
Daily symptom scores showed a significant reduction for
the whole study group (regression slope (B): -0.0571; p<
0.0001). There was no detectable difference between the
two drug groups (fig. 3). Peak flow standard deviation scor-
es reduced significantly over the same period (B: -0.7066;
p=0.003). However, the BDP group started with a higher
variability, the reason for which is unclear. The slopes for
the two groups did not differ (fig. 4). Thus, BDP (400 mg.

day-1) and FP (200 mg.day-1) did not show any detectable
difference in clinical efficacy.

Markers of bone turnover

None of the markers of bone turnover showed any sig-
nificant change with inhaled corticosteroid treatment, eith-
er for the group as a whole (table 3) or for subgroups
based on drug therapy. Significant correlations were found
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between the regression coefficients of 1CTP and osteocal-
cin (r=0.47, p=0.02) and between 1CTP and DPD in both
subgroups (r=0.76 and 0.71, p=0.02 and 0.05, respec-
tively). BMD followed the normal pattern of increase with
age for both young females and males. No correlation was
found, either at baseline or over time, between BMD
measurements and markers of bone turnover.

Hypothalamic±pituitary±adrenal axis

When serum cortisol was analysed, in the BDP group
there was a trend towards a decrease in levels by 2 weeks
into treatment. By 10 weeks there was a significant drop in
mean cortisol level, although not below normal limits
(100±500 nmol.L-1), which persisted throughout the 20-
month period. No changes were observed in cortisol levels
in the FP group (table 4).

Height

A highly significant difference was observed as regards
long-term linear growth in the two groups. The FP group
grew on average by 5.75 cm.yr-1. This would be on the
50th centile of accepted prepubertal growth rates in heal-

thy individuals of both sexes. There was no difference
between the FP group and placebo group in growth rates
in the first 10 weeks. The BDP group, however, grew sig-
nificantly more slowly, at an average rate of 4.94 cm.yr-1

(0.4th centile on growth charts), a difference of 0.81
cm.yr-1 (95% CI: 0.45±1.16). This difference in growth
rates persisted throughout the study. To eliminate the con-
founding effect of differential growth rates at different
centiles, height standard deviation scores (SDS; z-scores)
were estimated. Comparison of z scores supported the ear-
lier findings, with a significant difference in regression co-
efficients between the two groups (fig. 5). What was
striking was that the BDP group almost universally showed
a decrease in height SDS during the latter period of the
study, a trend notably absent in the FP group (fig. 6).

Discussion

While this study involved small numbers, the analysis
of symptom scores and peak flows employed a very large
number of data points, thus allowing for significance to be
assessed with some accuracy. The objective parameters of
airway calibre and function showed a tendency to improve
over the first few weeks and then stabilize, although these
reached significance only in the BDP group. Means of

Table 1. ± Baseline data for the whole group and by treatment subgroups

Variable Total BDP FP Placebo

Age yrs 6.77�0.61 6.93�0.61 6.68�0.57 6.69�0.61
Height cm 120.0�2.0 121.8�3.4 117.3�2.9 121.2�4.4
Weight kg 23.26�1.12 22.47�1.51 22.82�1.26 24.68�3.10
Cortisol nmol.L-1 279.6�27.3 334.2�34.3 282.0�53.9 215.0�49.9
IgE IU.L-1 506.3�109.2 857.5�243.4 228.8�76.4 421.7�132.1
FEV1 % pred 87.9�3.1 79.3�5.5 90.8�4.7 94.4�4.7
FEF25±75% % pred 78.1�6.1 68.3�10.2 90.1�7.9 86.0�10.1
Exercise % drop in FEV1 21.6�3.4 30.4�4.2 18.6�6.4 21.0�6.0
PC20 for histamine 2.07�0.5 0.32�0.09 2.68�0.66 2.65�1.17
PEFR % pred 84.9�3.1 81.3�5.7 86.5�4.4 87.1�6.8

Data are shown as mean�SEM. BDP: beclomethasone dipropionate; FP: fluticasone propionate; IgE: immunoglobulin E; FEV1: forced
expiratory volume in one second; FEF25±75%: forced mid-expiratory flow; PC20: provocative concentration of histamine causing a 20%
fall in FEV1; PEFR: peak expiratory flow rate.
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Fig. 2. ± Changes in forced expiratory volume in one second (FEV1)
over time by treatment subgroups (mean�SEM). J: beclomethasone; ¨:
fluticasone; *: placebo.

Table 2. ± Linear regression coefficients for lung function
parameters over time

Variable Treatment Regression
coefficient (B)

SE

for B
p-value

FEV1 % BDP 0.470 0.118 0.0002
FP 0.032 0.063 0.606
Placebo 1.198 0.446 0.019

FEF25±75% BDP 1.120 0.166 <0.0001
FP 0.126 0.122 0.303
Placebo 2.146 0.840 0.025

% drop in FEV1 BDP -0.399 0.144 0.008
with exercise FP -0.044 0.044 0.327

Placebo -1.734 0.470 0.003
Log PC20 for BDP 0.018 0.003 <0.0001

histamine FP -0.003 0.002 0.292
Placebo 0.065 0.027 0.036

FEV1: forced expiratory volume in one second; FEF25±75%:
forced mid-expiratory flow; PC20: provocative concentration of
histamine causing a 20% fall in FEV1; BDP: beclomethasone
dipropionate; FP: fluticasone propionate.

90 R. RAO ET AL.



daily symptom scores improved very significantly over the
initial 8-month period, with no difference between BDP
and FP. Peak flow variability similarly demonstrated a sig-
nificant narrowing in the group as a whole. The observed
difference in starting points between the two groups was a
chance finding and was associated with higher IgE levels
in the BDP group, which probably led to a higher degree of
airway inflammation, compared with the FP group (table
1). Crucially, however, the two slopes ran in parallel, indic-
ating that the clinical improvement was similar in the two
groups. This finding assumes added significance when
related to the difference in side-effect profiles of the two
drugs on growth and cortisol suppression.

Although spot serum cortisols are not the most sensitive
way to assess the effects of inhaled steroids on the HPA
axis, the fact that significant changes in endogenous corti-
sol production were demonstrated with BDP would sug-
gest a possible systemic effect. A similar effect on spot
cortisol was shown by DOULL et al. [20]. PHILLIP et al. [14]

in 1992, using repeated measurements of plasma cortisol,
showed similar results to the present study in children on
long-term BDP. Studies in children, where plasma cortisol
levels were measured at frequent intervals over a 24-h
period, have shown that 400±1,000 mg of BDP.day-1 pro-
duced a significant reduction in the physiological secre-
tion of cortisol [12, 21]. WYATT et al. [22] in 1978 and
CHANG and TAM [23] in 1991 have also shown significant
changes in urinary cortisol excretion in children on 400
mg.day-1 BDP as dry powder as well as MDI, although the
levels stayed within the normal range. Sustained, but not
cumulative, effects on the HPA axis by inhaled steroids
have also been demonstrated in a study by NIKOLAIZIK et
al. [24] over a 1-yr period. These results have to be bal-
anced against the conclusions of other studies which did
not find significant variation in either urine or plasma cor-
tisol levels at various doses of BDP [25, 26]. In the present
study, a dose of 200 mg.day-1 of FP did not show any
detectable change in serum cortisol. This would confirm
the findings of earlier studies on the reduced systemic bio-
availability of FP in therapeutic doses and, thus, a dimin-
ished potential for systemic side-effects on prolonged use
[15±17]. Using 24 h urinary excretion rates for cortisol
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Table 4. ± Changes in means of serum cortisol levels over
time with beclomethasone dipropionate (BDP), fluticasone
propionate (FP) and placebo (paired-sample t-tests)

Weeks Mean�SEM p-value 95% CI for
difference in means

BDP group
0 323.85�37.78 ± ±
2 232.14�26.46 0.070 -13.63±197.06

10 184.74�18.79 0.010 44.64±254.50
20 201.78�20.74 0.011 40.45±207.83
30 205.00�23.69 0.003 62.47±196.02
56 208.25�17.85 0.007 47.17±204.82
86 190.85�30.47 0.013 35.77±228.80

FP group
0 281.50�59.93 ± ±
2 246.33�21.36 0.93 -66.79±175.45

10 236.33�34.86 0.52 -149.91±260.25
20 213.21�24.86 0.43 -58.32±128.89
30 239.42�24.94 0.79 -63.23±81.38
56 251.83�39.13 0.61 -115.70±71.70
86 214.45�29.72 0.71 -99.90±141.54

Placebo group
0 215.00�49.97 ± ±
2 267.85�37.07 0.32 -173.19±67.48

10 206.42�28.75 0.79 -69.70±86.84

CI: confidence interval.

Table 3. ± Means of regression coefficients for markers of
bone turnover over 20 months

Variable Mean 95% CI for mean

Osteocalcin 0.0232 -0.0236±0.0699
Serum 1CTP -0.0225 -0.0418±-0.0031
Urine DPD -0.0090 -0.0209±0.0021
BMD (LS) 0.0005 0.0002±0.0007
BMD (TB) 0.0004 0.0003±0.0005

CI: confidence interval; 1CTP: 1-carboxy-terminal telopeptide;
DPD: deoxypyridinoline; BMD: bone mineral density; LS:
lumbar spine; TB: total body.
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and its metabolites, YIALLOUROS et al. [27] have also re-
cently demonstrated adrenal suppression with BDP but
not with FP, in equipotent doses.

Concerns remain regarding the effects of long-term use
of inhaled steroids on bone and growth in the child. Stud-
ies from asthmatics have shown systemic effects with
inhaled steroids [28] sometimes even in moderate doses
[29]. However, the extent to which these affect bone is yet
to be established. Most studies have either been cross-sec-
tional or have followed their patients over short periods. It
is well known that children with poorly controlled moder-
ate-to-severe asthma tend to have decreased physical ac-
tivity which, in itself, could lead to osteoporotic changes.
It is essential that such confounding factors are taken into
consideration and that the study group be as representative
as possible. Serum osteocalcin has been the most widely
studied of the biochemical markers of bone turnover. Stud-
ies using oral and high-dose inhaled steroids in asthma
have shown reductions in serum osteocalcin levels [2, 8,
9], whereas with inhaled steroids, the results have been
inconsistent [30, 31]. The effect on bone mass with the
usage of inhaled steroids was not found to be significant in
a recent cross-sectional study [32]. Significant correlates
between various markers of bone turnover in the present
study confirm that bone turnover is a dynamic process in
which bone formation and resorption are taking place in
closely coupled equilibrium. In the doses used, neither
BDP nor FP altered this equilibrium. Lack of any correla-
tion either at baseline or over time, between BMD meas-
urements and markers of bone turnover, would suggest
that these reflect different aspects of bone metabolism, the
markers measuring the dynamics of continuous remod-
elling, whereas densitometry reflects long-term structural
change. The results led us to postulate that, when used in
standard doses over a prolonged period in children with
moderately severe asthma, neither BDP nor FP has a dele-
terious effect on either bone turnover or bone architecture.
However, there may be a differential effect dependent on
age, with adults having a greater risk of adverse effects on
bone.

LITTLEWOOD et al. [33] looked at growth rates in chil-
dren treated with BDP compared with other forms of treat-
ment. Although open to criticism owing to a mismatch in
age between the groups, this study showed a decreased
rate of growth in the BDP group. TINKLEMAN et al. [34] in
1993 described medium-term growth over a period of 1 yr
in a large group of children who were treated with either
BDP or theophylline. Pubertal growth differences were
not accounted for and could have influenced the results,
but the study showed a significant decrease in mean
growth in height in the BDP group, which was more
pronounced in males. Recent studies haveused knemometry
(measurement of lower leg length) as a tool to assess
growth. WOLTHERS and PEDERSON [35] have published a
series of papers using knemometry to assess the effects of
prednisolone as well as BDP used in an open manner.
These studies have shown a potential for corticosteroids at
moderate doses to impair growth in the short-term. This
does not necessarily translate into decreased long-term
growth. The study by DOULL et al. [20] over a longer
period also showed a significant reduction in growth in
children on BDP compared with those on placebo.
Furthermore, they found no catch-up growth during a 5-
month washout period. Criticism of this study relates to the
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population studied, who would not normally be judged to
need inhaled steroid prophylaxis as they had very mild
asthma, making it inappropriate to extrapolate these results
to moderate- to severe-asthmatic children.

The present study subjects were all prepubertal, thus
avoiding the potential pitfall of differential pubertal growth
spurts. A definite long-term effect on growth with BDP
was demonstrated, even at a dose of 400 mg.day-1. This
effect was not seen with an equipotent dose of FP (200
mg.day-1). The results were supported by similar differ-
ences in height SDS, showing a tailing off in growth dur-
ing the last 12 months of the study. These findings confirm
that the detrimental effect seen in studies into short-term
growth with BDP [20, 34, 35] persists long term in chil-
dren even when given appropriate doses of the drug. CROW-

LEY et al. [36] compared growth rates over 1 yr between
groups of asthmatic children. They found that all of the
steroid formulations affected growth, with oral predniso-
lone having the most suppressive effect. However, these
children were on varying doses and using different inha-
lant systems. A recent publication by VERBERNE et al. show-
ed a significant slowing of growth in children on BDP in a
dose of 400 mg.day-1 by a powdered device over a period
of 1 yr [37]. Another recent study involving 241 children
from Canada has also shown a decrease in linear growth
over a period of 1 yr in a subgroup on 400 mg.day-1 BDP
by powdered device [38]. However, in a large retrospec-
tive study, SILVERSTEIN et al. [39] looked at attained adult
heights in those treated with glucocorticoids for asthma
and compared them with matched controls of asthmatics
not treated with glucocorticoids. They did not find any dif-
ference in adult heights. These results are encouraging,
but it is essential that prospective studies following chil-
dren through puberty to adulthood are conducted to prove
or refute these conclusions.

During periods of slow growth, interventions such as
inhaled steroids may suppress the effects of small am-
ounts of growth-stimulating factors, but during rapid growth
spurts many other stimulants are present, which overcome
the small effects of the inhaled corticosteroids. Thus, the
effect on final height may well be negligible. Although no
information exists to question the safety of the established
inhaled steroid beclomethasone dipropionate in low doses,
if higher doses are required to achieve good control in
childhood asthma, serious consideration should be given
to switching to an alternative with a better systemic effect
profile.
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