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ABSTRACT. Objective. Our study was designed to
establish in children with asthma the safety profile of
repeated short courses of oral glucocorticoids on bone
mineralization and metabolism and adrenal function.

Methods. This cross-sectional study compared the
bone density, bone metabolism, and adrenal function of
children who were and were not exposed to bursts of oral
glucocorticoids. Children were considered exposed
when, in the preceding year, they received >2 courses of
oral glucocorticoids and were prescribed the same ther-
apy for the index exacerbation. Children were considered
unexposed when they had no exposure to oral glucocor-
ticoids and were not prescribed any for the index exac-
erbation. Indices of bone metabolism were measured
during the subsequent month. Cortisol responses to ad-
renocorticotrophic hormone stimulation and bone den-
sity were assessed 30 days after the index exacerbation.

Results. Eighty-three children (48 exposed, 35 unex-
posed) aged 2 to 17 years were enrolled. The median
exposure level was 4 courses (range: 3–11) in the preced-
ing year. Among exposed children, a transient decrease
in serum osteocalcin was observed at the end of the 5-day
course with a return to baseline by 30 days; no change
was observed in urine pyridinoline cross-links. Mean
bone density z score was similar in the exposed (�0.61 �
1.0 [standard deviation]) and unexposed (�0.67 � 0.9)
groups. No cases of abnormal response to adrenocortico-
trophic hormone suggestive of adrenal insufficiency
were documented in the exposed (95% confidence inter-
val: 0%–7%) or unexposed (0%–10%) groups.

Conclusions. Repeated short courses of oral glucocor-
ticoids in the treatment of asthma seem to be reasonably
safe; this practice was not associated with any lasting
perturbation in bone metabolism, bone mineralization,
or adrenal function. Pediatrics 2003;111:376–383; oral glu-
cocorticoids, bone metabolism, bone mineral density, pyr-
idinoline crosslinks, osteocalcin, adrenal function, child,
acute asthma.

ABBREVIATIONS. DHEAS, dehydroepiandrosterone sulfate; SD,
standard deviation; CI, confidence interval; PTH, parathyroid hor-
mone.

Airway inflammation is now recognized as a
major element in the pathogenesis of asthma,
and recent consensus statements advocate

aggressive anti-inflammatory treatment.1–3 In acute
pediatric asthma exacerbations, anti-inflammatory
treatment usually entails a short course of high-dose
oral glucocorticoids. Although the efficacy of this
practice has been documented,4 few efforts have
been made to assess its safety. Many parents and
physicians are uncomfortable with or resistant to
repeated use of oral glucocorticoids. Parents seldom
discuss their worries about potential side effects of
steroids with treating physicians, yet their fear is an
important reason for noncompliance5 and may par-
tially explain the underuse of anti-inflammatory
drugs in pediatric asthma.6

Osteopenia and adrenal suppression are among
the dreaded adverse effects of repeated high-dose
steroid therapy. Indeed, chronic systemic glucocorti-
coids exert direct inhibitory effects on the osteoblast
and possibly on the osteoclast function.7 A 5-day
course of oral glucocorticoids has been associated
with marked decrease in osteoblastic activity.8 It is
unclear whether repeated short courses of oral glu-
cocorticoids lead to a lasting suppression of osteo-
blastic activity and/or stimulation of osteoclastic ac-
tivity, which causes osteopenia. A single course of
systemic glucocorticoids can result in significant, al-
beit transient (�15 days), blunting of adrenal func-
tion.9,10 The 10% to 20% prevalence of adrenal dys-
function reported by Dolan et al11 in children who
received repeated (�3) bursts of oral steroids in the
preceding year has caused some alarm. However, the
inconsistent timing of adrenal testing may have led
to an overestimation of adrenal dysfunction in pa-
tients tested shortly after a burst.

The objectives of this study were to evaluate in
children with asthma the effect of repeated bursts of
oral glucocorticoids on bone mineralization, bone
metabolism, and adrenal function. Specifically, we
wanted to assess whether repeated bursts of oral
glucocorticoids carried any cumulative effect on
bone mineral density and how a 5-day burst of oral
glucocorticoids affected bone metabolism and adre-
nal function 1 month after a burst.
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METHODS

Design
We conducted a cross-sectional study with a 1-month fol-

low-up of children who presented with an acute asthma exacer-
bation to the emergency department of The Montreal Children’s
Hospital during a 15-month period. The protocol was reviewed
and approved by the Institutional Review Board, and informed
consent was obtained from parents or guardians. Children were
invited to participate in 1, 2, or 3 subprojects: the assessment of
bone metabolism, the assessment of bone density, and the assess-
ment of adrenal function.

Subjects
Patients were eligible when they had experienced repeated

(�3) wheezing episodes and presented with an acute asthma
exacerbation in accordance with the American Thoracic Society’s
criteria.12 Children were considered to have been exposed when
they had received at least 2 5-day courses of high-dose (1–2
mg/kg/d) prednisone-equivalent systemic glucocorticoids in the
preceding year and were prescribed a new burst for the index
exacerbation. Unexposed children had not received any systemic
glucocorticoids in the preceding year or for the index exacerba-
tion. Exclusion criteria included the following: 1) a clinical diag-
nosis of pneumonia; 2) any chronic disease, such as bronchopul-
monary dysplasia, cystic fibrosis, or endocrine or bone disease; 3)
intake of medications that could interfere with vitamin D metab-
olism (eg, anticonvulsants); and 4) treatment of the index exacer-
bation with high doses of inhaled glucocorticoids (�1000 �g/d
beclomethasone or equivalent). Some exclusion criteria, intended
to maximize comparability of asthma severity between the ex-
posed and unexposed groups, were eliminated a few months into
the study because they excluded most patients: 1) infrequent
asthma (�3 exacerbations requiring an unscheduled medical visit
in the preceding 12 months), 2) intake of inhaled glucocorticoids in
the preceding 6 months, 3) treatment of index exacerbation requir-
ing �2 nebulizations of �2-agonists in the emergency department,
and 4) hospital admission.

Treatment Protocol
Children received hourly inhalations of 0.15 mg/kg of a 5%

albuterol solution until the desired bronchodilation was achieved.
Ipratropium bromide was added if indicated. The decision to
administer a short course of systemic glucocorticoids was made by
the treating physician. When administered, the burst consisted of
oral prednisone at 1 to 2 mg/kg/d (maximum: 50 mg) in 1 or 2
divided doses for a 5-day period.

Measurements
On presentation at the emergency department, medical history,

anti-asthmatic medications, and demographic variables were re-
corded. Adolescents were asked to indicate their sexual develop-
ment using pictures of Tanner stages.13,14 Eligible children inter-
ested in participating were followed during their stay in the
emergency department to determine final eligibility status. Total
respiratory resistance was measured by the forced oscillation tech-
nique on the Custo Vit R (Custo Med, Munich, Germany) at
baseline and disposition, in accordance with a previously de-
scribed protocol.15 Only reproducible measurements were re-
corded (ie, a coefficient of variation on 3 repeated measurements
of �0.15).15 The mean of the 3 technically valid baseline respira-
tory resistance measurements was expressed in percentage of
predicted for height.16 All biochemical samples and imaging pro-
cedures, detailed below, were interpreted by the endocrinologist
(C.P.) or the bone metabolism expert (G.C.), both blinded to ex-
posure status.

Exposure to Glucocorticoids
Parental report and medical record review provided informa-

tion about glucocorticoids exposure during the preceding year.
Confirmation was documented within 72 hours of recruitment by
pharmacy records of all (oral, inhaled, nasal, and topical) glu-
cocorticoid preparations dispensed in the preceding 2 years. This
information was updated 30 days later. Compliance with glu-
cocorticoids prescribed for the index exacerbation was assessed by
parental report and, for children aged �6 years, by serum dehy-

droepiandrosterone sulfate (DHEAS) levels sampled on day 4 or 5
of the burst (within 12 hours of the previous dose). A topical
anesthetic cream (EMLA; Astra Pharma Inc, Mississauga, Ontario,
Canada) was applied to puncture sites 45 to 60 minutes before
blood sampling to reduce discomfort. Serum DHEAS was mea-
sured by radioimmunoassay according to the protocol of Buster
and Abraham.17 DHEAS values �2 �mol/L (�4 �mol/L in pu-
bertal children) were considered “suppressed,” values �2.5
�mol/L (�4 �mol/L in pubertal children) were considered “nor-
mal,” and values in between were considered “possibly sup-
pressed.”18

Bone Metabolism
Serum osteocalcin, calcium, phosphorus, and alkaline phospha-

tase levels; urine calcium/creatinine ratio; renal threshold phos-
phate concentration19; and urine pyridinoline cross-links were
measured at the index visit (day 1), on the last day of the burst
(day 4 or 5), and 4 weeks after the index visit (day 30). Serum was
separated and kept frozen at �20°C until analyzed. All assays
were performed twice by a technician blinded to exposure status.
Osteocalcin was measured by immunoradiometric assay using a
commercial kit (N-tact Osteo SP; INCSTAR Corp, Stillwater, MI)
with a within-assay coefficient of variability of 5.4%. Urine pyr-
idinoline cross-links (ie, type 1 collagen cross-linked N-telopep-
tides) were measured by a commercial enzyme-linked immu-
nosorbent assay kit (Osteomark; Ostex International Inc, Seattle,
WA) with a within-assay coefficient of variability of 7.6% and a
detection limit of 20 nmol.20 The pyridinoline cross-links normal-
ized to creatinine were expressed as picomoles of bone type 1
collagen per micromole of creatinine.

Bone Density
For the bone density subproject, bone age and bone mineral

density of the lumbar spine (L1–L4) were obtained 1 month after
the last burst using the Hologic dual radiograph absorptiometer
(QDR 4500A; Hologic, Inc, Bedford, MA). Bone mineral density
values, standardized for age, gender, and race, were reported as z
scores (unpublished US reference values, Hologic, Inc). In patients
with abnormal baseline calcium-phosphorus balance, the level
of 25-dihydroxyvitamin D3 and 1,25-dihydroxyvitamin D3 mea-
sured by radioimmunoassay and radioreceptor assay, respectively
(INCSTAR Corp), and/or the level of carboxyl-terminal PTH were
documented.

Adrenal Function
For the adrenal function subproject, adrenal reserve was exam-

ined 1 month after the exacerbation using basal cortisol (sampled
between 7:00 and 8:00 am) and cortisol response to adrenocorti-
cotrophic hormone (ACTH) stimulation. Serum cortisol was mea-
sured twice by radioimmunoassay (ACTIVE Cortisol; Diagnostic
Systems Laboratories Inc, Webster, TX) with an intra-assay coef-
ficient of variation of 5.3% to 11.1%. Samples were obtained at
baseline and at 30 and 60 minutes after an intravenous injection of
synthetic Cortrosyn (125 �g if �6 years; 250 �g otherwise). Basal
levels were considered depressed when �138 nmol/L, which
corresponds to 1 standard deviation (SD) below the mean in
normal children.21 A stimulated cortisol level was considered
depressed when below 400 nmol/L.22

Statistics
Sample size was based on 80% power to detect a group differ-

ence of 0.66 of an SD in the peak cortisol response to ACTH
stimulation and in bone density at an � (2-tailed) of 0.05. Although
30 children per group was sufficient, the number of exposed
patients was increased to 40 to ensure that if the prevalence of
adverse outcome was 0, then the upper level of the confidence
interval (CI) would be no more than 7.5%.23 The prevalence of
abnormal findings is presented with the 95% CI.

Changes in osteocalcin and pyridinoline cross-links were ex-
amined over time using the repeated-measures regression models,
adjusting for potential confounders (including demographic and
anthropometric measures); cumulative dose of oral (mg and num-
ber of bursts), inhaled (�g), topical (�g), and nasal (�g) glucocor-
ticoids; indices of acute and chronic asthma severity; sampling
time; and fasting status. Differences in proportions and risks are
presented with the 95% CI.24 Linear and nonlinear regression
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models were used to examine the possible dose-response relation-
ship between adverse outcomes and exposure.25 Results are dis-
played as median (D1, D3; ie, the value of the 25th and the 75th
percentiles). P � .05 indicated statistical significance.

RESULTS
During a 15-month period, 1145 children were ap-

proached; 160 were not screened because of the ab-
sence of a guardian (n � 44), inadequate language
skills (n � 48), impending respiratory failure (n �
61), or refusal to answer questions (n � 7). A detailed
account of the selection process for the 985 patients
who received preliminary screening is provided in
Fig 1. Briefly, 439 children did not meet the eligibility
criteria. Of the 546 provisionally eligible patients, 244
(45%) expressed interest in participating, 83 of whom
became ineligible because of the treatment received
in the emergency department. Of the 161 patients (83
exposed, 78 unexposed) who met the final eligibility
criteria, 70% agreed to participate. Children who
chose not to participate were comparable to partici-
pants in age, gender, race, age at first wheezing,
number of previous admissions for asthma, mainte-
nance inhaled steroids, and initial oxygen saturation;
however, they were less frequently hospitalized (6%
vs 20%) for the index exacerbation than their coun-
terparts.

A total of 113 children (64 exposed, 49 unexposed)

were enrolled. Ten patients became or were subse-
quently found to be ineligible when exposure status
was invalidated by pharmacy reports or unexposed
children were subsequently treated with systemic
glucocorticoids. Twenty patients (10 exposed, 10 un-
exposed) dropped out of the study. The description
of the 83 children (48 exposed, 35 unexposed) who
completed 1 or more of the 3 subprojects is presented
in Table 1.

Exposure to Glucocorticoids
As expected, children who were repeatedly ex-

posed to systemic glucocorticoids experienced more
asthma exacerbations requiring medical attention,
were more frequently treated with inhaled glucocor-
ticoids in the preceding year, and presented with a
more severe index exacerbation than their counter-
parts. In the 44 (exposed and unexposed) children on
maintenance therapy, the median daily dose of in-
haled glucocorticoids in the preceding year was 115
�g (range: 27–1132) of chlorofluorocarbon-propelled
beclomethasone equivalent. Exposed children re-
ceived a median of 4 bursts (range: 3–11) in the
preceding year at a mean interval of 3 (1–5) months.

Bursts of glucocorticoids generally consisted of
oral prednisone administered in a once-daily (70%)
or twice-daily (30%) dose of 1.3 mg/kg/d (D1, D3:

Fig 1. Flow diagram of enrolled participants.
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1.1, 1.9) for a median 5 days.4,5 Parents of the 48
exposed children reported good compliance with no
doses missed (0, 1) and pharmacy records confirmed
dispensing the prescription in all cases. Measures of
DHEAS in the 19 exposed children �6 years con-
firmed compliance with prescribed steroids; 18 (95%)
children had “suppressed” and 1 had “possibly sup-
pressed” levels.

Bone Metabolism
In 63 (80%) of 83 children, the baseline measure-

ments of calcium, phosphorus, and alkaline phos-
phatase were within the normal range. Two children
had marginal or transient anomalies suggestive of
seasonal variation in vitamin D3; 1 child had an
isolated low alkaline phosphatase level, and the
other had an isolated and transient low serum cal-
cium. The remaining 18 children had 1 or more mild
anomalies in serum calcium, phosphorus, or alkaline
phosphatase. Serum parathyroid hormone (PTH)
measurements in these 18 children and serum 25 D3
and 1-25 D3 assays in all 20 children with baseline
anomalies confirmed the normality of vitamin D3
and PTH status in all cases.

Baseline serum osteocalcin was 30% lower (95%
CI: 25–34) in the 32 exposed children than in the 35
unexposed children. In the absence of published pe-
diatric reference values using the same immunora-
diometric assay, firm assessment of the normality of
these baseline values could not be made; however,
the values of exposed children all were within the
reference range of a small sample (N � 30) of normal
children (F. Glorieux, personal communication, 2000).

A complete set of osteocalcin values at baseline,
day 5, and day 30 were available in 16 exposed and
25 unexposed children. Clearly, the exposure status
(P � .008) and the sampling day (interaction of sam-
pling day � exposure; P � .004) had significant
influence on the osteocalcin levels (Fig 2). In exposed
children, there was a 41% decrease (95% CI: 19–57) in

TABLE 1. Description of Participants

Exposed
(N � 48)

Unexposed
(N � 35)

P Value

Demographics
Age 6 (4, 10) 11 (6, 13) .02
Gender (% male) 50% 40% NS
Race (%)

White 77% 83% NS
Black 10% 3%
Other 10% 14%

Bone age 6 (4, 11) 11 (5, 14) .02
Standardized weight† 0.7 (�0.1, 1.3) 1.0 (0.1, 1.8) NSStandardized height‡ 1.0 (0.0, 1.8) 1.8 (0.8, 2.3)
Tanner stage 1 (1, 3) 2 (1, 3) .01

Medical history
ED visits in past year 4 (3, 5) 1 (0, 2) .0001
No. of hospital admissions since birth 2 (1, 6) 0 (0, 2) .008

Severity of index exacerbation
Low oxygen saturation (�95%) 46% 20% .03
Predicted respiratory resistance (%) 114 (92, 152) 120 (96, 166) NS
B2-agonist nebulizations 4 (3, 5) 2 (1, 2) .001
Hospital admission (%) 31% 0% .002

Oral glucocorticoids “bursts”
No. in past year 4 (3, 5) 0 (0,0) .001*
Delay in days between bursts (median) 87 (43, 145)

Other glucocortoids in past year
Inhaled 71% 29% .001
Topical 6% 6% NS
Nasal 15% 6% NS

ED indicates emergency department.
Values are displayed as median (D1, D3: interquartile range) or percentages.
* Expected difference by study design.
† Presented as standardized deviation values based on references values.
‡ Height (SD score).

Fig 2. Profile of serum osteocalcin over time at 0 (index visit), 5,
and 30 days in the 16 children who had complete data and were
repeatedly exposed (F) and in the 25 children unexposed to short
courses of high-dose glucocorticoids in the preceding year (E). In
exposed children, the 5-day course of glucocorticoids (1.0–2 mg/
kg/d; maximum: 50 mg) was administered between days 0 and 5.
The error bars represent the standard error of the mean. After
adjusting for the baseline group difference in serum osteocalcin
levels (P � .02), a statistically significant group difference was
observed at 5 days (P � .004) but not at 30 days (P � .93).
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osteocalcin level between the first and last day of the
burst, with a return to baseline by day 30, at a level
comparable to that of the control group. No such
changes were observed in the unexposed group. Ad-
justment for potential confounders gave similar re-
sults.

In contrast, no significant group differences in
urine pyridinoline were observed in the 71 children
(37 exposed, 34 unexposed) who provided samples
at baseline. The strongest predictor of baseline cross-
link values was bone age (r2 � 0.22). Adjustment for
bone age and other possible confounders also failed
to reveal any baseline group difference. Only 3 chil-
dren (2 exposed, 1 unexposed) had abnormal base-
line values, all of which were elevated (�2 SD above
the mean for age) despite a sampling time earlier
than the evening peak of pyridinoline excretion.20,26

The 3 elevated values were observed in adolescents,
an age group with intense bone remodeling.27

Complete sets of urine pyridinoline levels were
gathered for 35 exposed and 30 unexposed children.
The day of sampling (P � .003) influenced pyridino-
line values, but exposure status did not (Fig 3). Most
of the group differences occurred between day 1 and
day 5 (P � .04); unexposed children experienced a
51% increase (95% CI: 25–82) in pyridinoline, with a
return to comparable group values at 30 days. The
pyridinoline profile over time was unaffected by the
adjustment for potential confounders.

Bone Density
Bone density measurements were obtained in 81

children (47 exposed, 34 unexposed). The mean z
scores were similar in the exposed (�0.61 � 1.0 SD)
and unexposed (�0.67 � 0.9) groups, both being
significantly lower than expected for age, gender,

and race. The prevalence of osteopenia, defined as a
z score �2 SD below the predicted mean, was also
similar in both groups (Table 2). Although several
potential confounders were examined, including
bone age and cumulative dose of oral, inhaled, nasal,
and topical corticosteroids during the preceding 2
years, we were unable to explain satisfactorily the
significantly lower-than-expected bone density ob-
served in both groups. Comprehensive evaluation of
osteopenia in the Department of Genetics (F.G.) was
obtained in 6 of the 8 children with osteopenia; the
remaining 2 children failed to attend the appoint-
ments despite repeated rescheduling. Final diag-
noses included inadequate calcium and/or vitamin
D intake attributable to past or ongoing milk intol-
erance/allergy (n � 2), transient osteopenia of pu-
berty (n � 2), and no apparent explanation (n � 2).
All received specific medical advice regarding cal-
cium intake and vitamin D supplementation.

Adrenal Function
ACTH testing was obtained in 74 children (43

exposed, 31 unexposed). The mean delay between
the index exacerbation and ACTH stimulation test
was similar in both groups (37 � 11 days). Basal
cortisol (304 � 167 vs 308 � 107 nmol/L) and peak
cortisol response to ACTH (754 � 184 vs 726 � 198
nmol/L) were comparable in the exposed and the
unexposed groups. Although 5 children (3 exposed,
2 unexposed) had basal cortisol levels below 1 SD,
none had a suppressed response to ACTH stimula-
tion warranting stress coverage with steroids (Table
2). Multivariate analyses failed to identify cumula-
tive exposure to any steroid preparation, acute or
chronic asthma severity, or delay since last burst as
predictors of basal cortisol or stimulated cortisol. No
dose-response relationship was identified between
the cumulative exposure to oral, inhaled, nasal,
and/or topical steroids and adrenal function.

DISCUSSION
This report represents the first study to examine

concurrently the effect of repeated short courses of
high-dose systemic glucocorticoids on the bone me-
tabolism, bone density, and adrenal function of chil-
dren with asthma. Among the 83 children enrolled
during an acute asthma exacerbation, a new burst of
oral glucocorticoids was associated with a transient
decrease in plasma osteocalcin during the 5-day
burst but no significant change in urine pyridinoline
cross-links during the subsequent month. There was
no cumulative effect on bone density among children
with repeated (range: 3–11) bursts during the preced-
ing 12 months as compared with unexposed chil-
dren. There was also no evidence of impaired adre-
nal reserve 1 month after the index exacerbation.
Moreover, greater-than-expected height and weight
suggest no significant impact of episodic short
courses of systemic steroids on growth.

The children in the exposed group experienced
significant morbidity, with a median of 2 hospital
admissions and 4 emergency department visits for
acute asthma exacerbations in the preceding year.
Although three quarters of exposed children were on

Fig 3. Profile of urine pyridinoline type 1 collagen cross-linked
N-telopeptides over time in the 35 children who had complete
data and were repeatedly exposed (F) and the 30 children unex-
posed (E) to short courses of high-dose glucocorticoids. Samples
were collected on spot urine at enrollment on the index visit (time
0) and on the second urine of the day on days 4 or 5 and 30. In
exposed children, the 5-day course of glucocorticoids (1.0–2 mg/
kg/d; maximum: 50 mg) was administered between days 0 and 5.
The error bars represent the standard error of the mean. No group
differences were observed at any point in time. The profile of
pyridinoline cross-links was significantly affected by the day of
measurement in unexposed subjects, with a significant difference
apparent only between 0 and 5 days (P � .05).
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maintenance steroids, the actual daily dose dis-
pensed by pharmacists in the preceding year was
relatively low.

Osteocalcin, the most abundant noncollagenous
protein of bone, is probably 1 of the markers of
choice for bone formation.28 The 41% reduction from
baseline decrease in serum osteocalcin levels, ob-
served immediately after the administration of oral
glucocorticoids, was transient, with a return to base-
line values within 30 days. A reduction of similar
magnitude has been observed in adults.8,29 Because
chronic low osteocalcin levels have been associated
with bone mass reduction30 and low trabecular bone
mass linked with an increased incidence of vertebral
fractures,31 the return to baseline values is reassur-
ing. In contrast, no group difference in pyridinoline
levels was evident, suggesting that a new short
course of systemic steroids had no impact on bone
resorption. The absence of prolonged or cumulative
impact on bone metabolism suggests that the admin-
istration of repeated bursts of oral glucocorticoids in
children is not an important risk factor for osteopenia
and thus is unlikely to be associated with an in-
creased risk of fracture. Moreover, the comparable
bone density in exposed and unexposed children
provides no evidence to suggest a negative cumula-
tive effect of repeated courses of systemic glucocor-
ticoids on bone mineralization. However, the lower-
than-expected bone density (negative mean z score)
in both groups was disconcerting. Cumulative expo-
sure of oral, inhaled, nasal, and/or topical cortico-
steroid during the preceding 2 years showed no cor-
relation to the bone density z score. This is consistent
with the literature, in which a low dose of mainte-
nance inhaled steroids (�400 �g/d beclomethasone
equivalent) as used by our participants has not been
associated with decreased bone mineral density.32

Delayed bone maturation, associated with poorly
controlled asthma, was also ruled out as a cause for
spurious osteopenia in our participants, who were
generally heavier and taller than expected, with a
close concordance between chronological and bone
ages. Perhaps inadequate protein, calcium, and vita-
min D intake33; inadequate physical activity34; or
asthma per se35 adversely affected the bone density
of recruited patients.36

Previous studies have confirmed that a single
course of high-dose glucocorticoids may be associ-
ated with transient suppression of the hypothalamo-
pituitary-adrenal axis during treatment, with com-
plete recovery within 10 days of stopping
treatment.9,37 Our data support similar recovery in

children receiving repeated short courses of systemic
steroids. Moreover, the absence of a dose-response
relationship between the cumulative exposure to
oral, inhaled, nasal, and/or topical steroids and ad-
renal function is reassuring. The only previously
published report on the effect of repeated bursts of
glucocorticoids on adrenal function11 had raised
alarms. Of the 10 children who received 3 to 7 bursts
of oral glucocorticoids with 300 �g/d inhaled ste-
roids in the preceding year, 4 (20%) patients had
subnormal cortisol response to hypoglycemia and 2
(10%) had a suppressed response to ACTH stimula-
tion. The timing of adrenal testing, patient selection,
or chance may explain the discrepancy of our find-
ings and those of Dolan et al.11 In the study by Dolan
et al, children were tested between 16 days and 4
months after a burst. We systematically tested chil-
dren 1 month after the burst, reasoning that a sup-
pressed adrenal response observed after this period
would indicate more than a transient dysfunction.
Sensitivity of the stimulation test is unlikely to be at
stake: the short tetracosactin test that we and Dolan
et al used is reported to be much safer and as sensi-
tive as the insulin hypoglycemic test.38 Maintenance
inhaled steroids used at low doses, as seen in our
children and the report by Dolan et al,11 have not
been shown to be associated with impaired adrenal
function,22,32 except in occasional case reports.39 The
power of our study also must be considered in the
interpretation of data; the prevalence of adrenal sup-
pression in children repeatedly exposed to oral ste-
roids may still be as high as 7%.

Recruiting in the emergency department allowed
for the simultaneous assessment of the effect of an
acute asthma exacerbation and a new burst of sys-
temic steroids in acutely ill patients with asthma.
Considerable time and effort were invested to mini-
mize the burden on participants (home visits and
anesthetic patch before blood sampling); however,
because of the demanding protocol, only 70% of
eligible patients were enrolled. The promise of learn-
ing bone density and adrenal function results prob-
ably enhanced the attractiveness of the study. It is
therefore conceivable that a selection bias occurred,
in that parents who perceived their child to be at
higher risk of adverse outcomes were more likely to
participate; “worry about adverse effects of steroids”
was the most frequent reason given by parents for
participating. Such a selection bias likely would lead
to an overestimation of the prevalence of adverse
outcomes. There were no group differences among
the 161 eligible children with regard to demograph-

TABLE 2. Prevalence of Adverse Outcomes 30 Days After the Index Exacerbation

Exposed Unexposed Risk Difference

N % (95% CI) N % (95% CI) % (95% CI)

Osteopenia* 4/47 9% (2, 20) 4/34 11% (3, 28) �3 (�25, 15)
Adrenal suppression

Low basal cortisol† 3/43 7% (1, 19) 2/31 7% (1, 21) 0% (�19, 12)
Low peak cortisol‡ 0/43 0% (0, 7) 0/31 0% (0, 10) —

* Z score ��2.
† Basal cortisol �138 nmol/L.
‡ Peak cortisol �400 nmol/L.
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ics, asthma history, use of maintenance inhaled ste-
roids, and oxygen saturation; however, nonpartici-
pants were less frequently hospitalized for the index
exacerbation than their counterparts, possibly be-
cause the additional time required for study enroll-
ment deterred more parents of children who were
ready for discharge.

The cross-sectional design and the definition of
exposure allowed baseline group differences, partic-
ularly in asthma chronicity and severity. A random-
ized, controlled trial, which would have favored a
balanced distribution of such confounders between
groups, was ethically precluded because of the
proven efficacy of glucocorticoids in moderately to
severely ill children with asthma. A trial restricted to
children with mild exacerbations would not have
given us access to children with the desired exposure
to oral glucocorticoids and thus was not feasible.
Although it cannot be excluded, the cross-sectional
design is unlikely to have introduced significant bias
because no indicators of asthma severity or chronic-
ity seemed to be important predictors of adverse
outcomes in multivariate analyses.

Although our results are reassuring, the sample
size precludes total reassurance. In particular, chil-
dren who received successive bursts of oral glucocor-
ticoids over a short interval may be a particular risk
and should be screened for adrenal suppression. Fur-
thermore, the safety of repeated bursts of oral glu-
cocorticoids cannot be assumed until other areas of
concern, such as growth40 and immunity,41have been
studied adequately.

Repeated short courses of high-dose oral glucocor-
ticoids, administered to treat acute asthma exacerba-
tions, are associated with transient perturbation of
the bone deposition but not with a higher risk of
osteopenia and adrenal suppression 30 days after the
last burst. Although the sample size precludes total
reassurance, it is hoped that these results may alle-
viate some concerns about the safety of repeated
short courses of systemic glucocorticoids and im-
prove physicians adherence and parents’ compliance
to this highly effective treatment. Preferably, how-
ever, children with repeated exacerbations should
receive adequate prophylactic therapy.
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ration.

Francine Ducharme is the guarantor of this article. With the

assistance of all co-authors, she conceived the protocol, obtained
funding, trained and supervised research nurses and assistants,
supervised the analyses, interpreted the results with the co-au-
thors; and wrote the article. Francis Glorieux supervised all mea-
surements of bone metabolism markers in the Generic Laboratory
of the Shriners’ Hospital. Gilles Chabot specifically interpreted all
bone metabolism markers, PTH, and vitamin D when indicated
and provided follow-up for children with abnormal results. Con-
stantin Polychronakos specifically supervised the ACTH testing
and provided interpretation of results and follow-up for children
with abnormal results.

REFERENCES
1. Murphy S, Sheffer AL, Pauwels R. National Asthma Education and Pre-

vention Program. Expert Panel Report 2: Guidelines for the Diagnosis and
Management of Asthma (97-4051, 111). Bethesda, MD: National Institutes
of Health; 1997

2. Boulet LP, Becker A, Berube D, Beveridge R, Ernst P. Canadian asthma
consensus report, 1999. Can Med Assoc J. 1999;161(11 suppl):S1–S72.

3. The British guidelines on asthma management. Thorax. 1997;52(suppl
1):S1–S21

4. Rowe BH, Spooner C, Ducharme FM, Bretzlaff JA, Bota GW. Early
emergency department treatment of acute asthma with systemic corti-
costeroids. Cochrane Database Syst Rev 2000;(2):CD002178

5. Boulet LP. Perception of the role and potential side effects of inhaled
corticosteroids among asthmatic patients. Chest. 1998;113:587–592

6. Crain EF, Weiss KB, Fagan MJ. Pediatric asthma care in US emergency
departments. Current practice in the context of the National Institutes of
Health guidelines. Arch Pediatr Adolesc Med. 1995;149:893–901

7. Hodgson SF. Metabolic bone disease, part II: corticosteroid-induced
osteoporosis. Endocrinol Metab Clin North Am. 1990;19:95–111

8. Nielsen HK, Thomsen K, Eriksen EF, Charles P, Mosekilde L. The effects
of high-dose glucocorticoid administration on serum bone gamma car-
boxyglutamic acid-containing protein, serum alkaline phosphatase and
vitamin D metabolites in normal subjects. Bone Miner. 1988;4:105–113

9. Streck WF, Lockwood HD. Pituitary recovery following short-term
suppression with corticosteroids. Am J Med. 1979;66:910

10. Wilmsmeyer W, Ukena D, Wagner TO, Sybrecht GW. First-time treat-
ment with steroids in bronchial asthma: comparison of the effects of
inhaled beclomethasone and of oral prednisone on airway function,
bronchial reactivity and hypothalamic-pituitary-adrenal axis. Eur Respir
J. 1990;3:786–791

11. Dolan LM, Kesarwala HH, Holroyde JC, Fischer TJ. Short-term, high-
dose, systemic steroids in children with asthma: the effect on the hypo-
thalamic-pituitary-adrenal axis. J Allergy Clin Immunol. 1987;80:81–87

12. American Thoracic Society. Guidelines to the diagnosis and treatment
of asthma. Am Rev Respir Dis. 1987;136:225–244

13. Marshall WA, Tanner JM. Variations in the pattern of pubertal changes
in boys. Arch Dis Child. 1970;45:13–23

14. Marshall WA, Tanner JM. Variations in pattern of pubertal changes in
girls. Arch Dis Child. 1969;44:291–303

15. Ducharme FM, Davis GM. Measurement of respiratory resistance in the
emergency department: feasibility in young children with acute asthma.
Chest. 1997;111:1519–1525

16. Ducharme FM, Davis GM, Ducharme GR. Pediatric reference values for
respiratory resistance measured by forced oscillation. Chest. 1998;113:
1322–1328

17. Buster JE, Abraham GE. Radioimmunoassay of plasma dehydroepi-
androsterone sulphate. Anal Lett. 1972;5:543–551

18. de Peretti E, Forest MG. Pattern of plasma dehydroepiandrosterone
sulfate levels in humans from birth to adulthood: evidence for testicular
production. J Clin Endocrinol Metab. 1978;47:572–577

19. Walton RJ, Bijvoet OLM. Nomogram for derivation of renal threshold
phosphate concentration. Lancet. 1975;2:309–310

20. Hanson DA, Weis MAE, Bollen AM, Shoshana LM, Singer FR, Eyre DR.
A Specific immunoassay for monitoring human bone resorption: quan-
titation of type I collagen cross-linked n-telopeptides in urine. J Bone
Miner Res. 1992;7:1251–1258

21. Helfer EL, Rose LI. Corticosteroids and adrenal suppression. Charac-
terising and avoiding the problem. Drugs. 1989;38:838–845

22. Wolthers OD, Honour JW. Measures of hypothalamic-pituitary-adrenal
function in patients with asthma treated with inhaled glucocorticoids:
clinical and research implications. J Asthma. 1999;36:477–486

23. Hanley JA, Lippman-Hand A. If nothing goes wrong, is everything all
right? Interpreting zero numerators. JAMA. 1983;249:1743–1745

24. Santner TJ, Snell MK. Small sample confidence interval for p1–p2 and
p1/p2 in 2 x 2 contingency tables. J Am Stat Assoc. 1980;75:386–394

382 SAFETY PROFILE OF FREQUENT COURSES OF ORAL STEROIDS FOR ASTHMA



25. Rothman KJ. Analysis With Multiple Levels of Exposure. In: Modern
Epidemiology. Boston, MA: Little, Brown, and Co; 1986:327–349

26. Bollen AM, Martin MD, Leroux BG, Eyre DR. Circadian variation in
urinary excretion of bone collagen cross-links. J Bone Miner Res. 1995;
10:1885–1890

27. Bollen AM, Eyre DR. Bone resorption rates in children monitored by the
urinary assay of collagen type I cross-linked peptides. Bone. 1994;15:
31–34

28. Price JF. Inhaled corticosteroids: clinical relevance of safety measures.
Pediatr Pulmonol Suppl. 1997;15:40–45

29. Wilson AM, McFarlane LC, Lipworth BJ. Systemic bioactivity profiles of
oral prednisolone and nebulized budesonide in adult asthmatics. Chest.
1998;114:1022–1027

30. Boulet LP, Giguere MC, Milot J, Brown J. Effects of long-term use of
high-dose inhaled steroids on bone density and calcium metabolism. J
Allergy Clin Immunol. 1994;94:796–803

31. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of
bone mineral density predict occurrence of osteoporotic fractures. Br
Med J. 1996;312:1254–1259

32. Lipworth BJ. Systemic adverse effects of inhaled corticosteroid therapy:
a systematic review and meta-analysis. Arch Intern Med. 1999;159:
941–955

33. Boot AM, de Ridder MA, Pols HA, Krenning EP, de Muinck Keizer-
Schrama SMPF. Bone mineral density in children and adolescents:

relation to puberty, calcium intake, and physical activity. J Clin Endo-
crinol Metab. 1997;82:57–62

34. Kinberg KA, Hopp RJ, Biven RE, Gallagher JC. Bone mineral density in
normal and asthmatic children. J Allergy Clin Immunol. 1994;94(3 Pt
1):490–497

35. Konig P, Hillman L, Cervantes C, et al. Bone metabolism in children
with asthma treated with inhaled beclomethasone dipropionate. J Pedi-
atr. 1993;122:219–226

36. Efthimiou J, Barnes PJ. Effect of inhaled corticosteroids on bones and
growth. Eur Respir J. 1998;11:1167–1177

37. Zora JA, Zimmerman D, Carey TL, O’Connell EJ, Yunginger JW. Hy-
pothalamic-pituitary-adrenal axis suppression after short-term, high-
dose glucocorticoid therapy in children with asthma. J Allergy Clin
Immunol. 1986;77:9–13

38. Clayton RN. Diagnosis of adrenal insufficiency. Br Med J. 1989;298:
271–272

39. Zimmerman B, Wherrett D. Adrenal suppression in two patients with
asthma treated with low doses of the inhaled steroid fluticasone propi-
onate. J Allergy Clin Immunol. 1998;101:425–426

40. Price JF. Asthma, growth and inhaled corticosteroids. Respir Med. 1993;
87(suppl A):23–26

41. Kasper WJ, Howe PM. Fatal varicella after a single course of corticoste-
roids. Pediatr Infect Dis J. 1990;9:729–732

GUNS DON�T KILL PEOPLE???

“Among children and youth less than age 15, the firearm homicide rate in the
United States was 16 times the average for other industrialized countries, the
firearm suicide rate was 11 times higher, and the unintentional firearm was 9 times
higher.”

Fingerhut LA, Christoffel KK. Firearm-related death and injury among children and adolescents. Future
Child. 2002;12(Summer/Fall):24–37
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