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Abstract

Objective—Systemic corticosteroids are known to induce osteoporosis and increase the risk of
fractures in adults and children. Inhaled corticosteroids have been shown to increase the risk of
osteoporosis and fractures in adults at risk. However, long-term prospective studies in children to
assess risks of multiple short courses of oral corticosteroids and chronic inhaled corticosteroids have
not been done. Thus, we assessed the effects of multiple short courses of oral corticosteroids and
long-term inhaled corticosteroids on bone mineral accretion over a period of years.

Patients and Methods—This was a cohort followup study for a median of 7 years of children
with mild to moderate asthma initially randomized into the Childhood Asthma Management Program
(CAMP) trial. Serial dual-energy x-ray absorptiometry (DEXA) scans of the lumbar spine for bone
mineral density (BMD) were performed in all patients. Annual bone mineral accretion was calculated
in 531 boys and 346 girls with asthma aged 5-12 years at baseline (84% of the initial cohort).

Results—Oral corticosteroid bursts produced a dose-dependent reduction in bone mineral accretion
(0.052, 0.049, and 0.046 gm/cm?/year, p=0.0002) and an increase in risk of osteopenia (10%, 14%
and 21%, p=0.02) for 0, 1-4, and 5+ courses, respectively, in males but not females. Cumulative
inhaled corticosteroid use was associated with a small decrease in bone mineral accretion in males
(p=0.05) but not females, but no increased risk of osteopenia.

Conclusion—Multiple oral corticosteroid bursts over a period of years can produce a dose-
dependent reduction in bone mineral accretion and increased risk of osteopenia in children with
asthma. Inhaled corticosteroid use has the potential for reducing bone mineral accretion in male
children progressing through puberty but this risk is likely to be outweighed by the ability to reduce
the amount of oral corticosteroids used in these children.
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Introduction

Methods

Oral corticosteroids (OCSs) can reduce bone mineral density (BMD) and produce osteoporosis
in adults.1 Both current daily dose and cumulative dose have been shown to correlate with bone
loss and increased fracture risk.2:3 Frequent short courses (bursts) of OCSs (> 2.5 courses per
year) have been associated with decreased BMD in adults with asthma.* However, cross-
sectional studies in children on the effect of OCSs on BMD or fracture risk have been
inconsistent.58 No prospective studies of the effect of multiple bursts of OCSs on bone mineral
accretion in children have been published.

Studies in adults and children on the effects of inhaled corticosteroids (ICSs) on BMD and
fracture risk are also conflicting. 6: 1620915 The prospective trials evaluating the effect of
ICSs on BMD in children with asthma have been limited by small sample sizes and short
durations.21=26,

CAMP was a long-term, randomized, placebo-controlled, prospective clinical trial comparing
budesonide 200 pg bid or nedocromil 4mg bid to placebo in 1041 children with mild to
moderate asthma for 4 to 6 years, followed by a 4-year post-trial follow-up study.?” Lumbar
spine BMD was assessed serially by dual-energy x-ray absorptiometry (DEXA) scans to
determine the safety of chronic corticosteroid use. Lumbar spine was selected because
corticosteroids preferentially affect trabecular bone.1+2

We previously reported no effect of asthma severity or prior corticosteroid use on BMD in this
cohort at the time of randomization into the CAMP trial.28 We also found no difference in final
BMDs between treatments at the end of the CAMP treatment phase.2’ However, this was an
intention-to-treat analysis that would not have identified outliers with low rates of bone
accretion. In addition, the protocol allowed use of prednisone “bursts” for exacerbation, the
introduction of open-label treatment with beclomethasone or other ICSs as indicated for
worsening symptoms over time, and weaning of study medication for well-controlled status.
Open-label ICS and prednisone use were seen disproportionately in the non budesonide groups.
Lastly, most of the patients may not have been at an age of maturity that was sensitive to
possible intervention effects on bone mineral accretion. Following the CAMP trial the study
drugs were discontinued and treatment was directed by primary care physicians with advice
from CAMP physicians. Participants were followed for an additional 4.5 years in a post-trial
follow-up study. The purpose of the current analysis is to further assess the potential effects
of both bursts of OCSs and long-term use of ICSs on bone mineral accretion in the CAMP
cohort followed prospectively.

Patient population

The demographics of the patients initially enrolled into CAMP have been extensively described
elsewhere.2’=29 All patients who were randomized into the CAMP treatment phase were
eligible for the follow-up study. The follow-up study was approved by each of the local
institutional review boards, and appropriate signed consent and assent forms were obtained
from patients and their parents/guardians. Of the initial 1041 patients enrolled into CAMP, 941
elected to continue into the follow-up study. Unable to standardize the initial DEXA values
obtained in CAMP at one center, we excluded those patients. All other patients who had a
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baseline BMD determination and at least one follow-up BMD (N = 877) were included. The
children ranged in age from 5-12 years on entry into CAMP. Tanner Staging for sexual maturity
was assessed annually until full maturity. Height by stadiometry and weight were measured
every 6 months, and body mass index (BMI) was estimated by standard equations. As accrual
of bone mass differs by age in males and females as a result of different ages for pubertal
maturation, males and females are presented separately.30—32

Corticosteroid dosages

During the CAMP trial phase, patients received prednisone bursts per protocol with a standard
regimen 2 mg/kg/day up to 60 mg prednisone for 2 days followed by 1 mg/kg/day up to 30 mg
for 2 days, with an option to continue dosing if there was insufficient improvement in peak
flows. Duration and dosage during the trial phase were recorded on daily diaries as well as
reports of bursts by interview (date started, duration, and daily dose) at 3 per year follow-up
visits (in-person) and during interim telephone contacts. During the follow-up study patients
received OCS bursts of variable duration and dosage as determined by their asthma care
providers, with the number of bursts since the last contact obtained by interview at semiannual
follow-up visits and interim telephone contacts. Bursts during the follow-up study were
assumed to conform to the CAMP trial regimen and were assumed to be equally spaced through
the interval since the last contact. For analysis purposes, the total dose (mg) received during
the two phases was divided by 180 to re-express the total dose received by each patient as the
number of equivalent 4-day bursts (60/60/30/30 mg per day over 4 days) for a patient weighing
at least 30 kg. Cumulative number of bursts was divided into three categories (0, 1-4, and 5
+). The 5+ category represented a median (quartiles) of 8.9 (6.5, 12.3) bursts over the study
period.

The ICSs included the blinded budesonide and unblinded ICSs during the CAMP treatment
phase and then any ICS that the patients’ primary physicians prescribed during the follow-up
study. Dosage form, dose and frequency were recorded at each visit and total dose for the
duration was calculated. The ICS dose was divided into three categories (0, 1-437 mg, and
438+ mg). The cut point of 438 mg was somewhat arbitrary and represents 3 years of full dose
(400 pg/day) budesonide. The median cumulative dose in the 1-437 mg category was 153 mg
whereas patients in the 438+ category had a median dose of 690 mg. Thus, the 438+ category
represents those patients receiving almost continuous ICSs through the trial and follow-up
study phases whereas the 1-437 mg category represents a periodic or intermittent use.

BMD and fracture measurements

The BMD measurements were made at baseline, yearly during the treatment phase, and then
twice during the follow-up study, at 7 and 9 years post randomization. Lumbar spine (L1-L4)
BMD was measured by DEXA using either the Hologic QDR-1500 (six centers) or the Lunar
DPX at two centers initially. However, the DEXA machines were not purchased by the study,
so upgrades and changes were made at a number of the clinical centers (i.e. changing from
Lunar to Hologic and vice versa, and changing within Hologic from pencil beam to fan beam).
Density measures on an anthropomorphic spine Phantom (Hologic model DPA/QDR-1; S/N:
1550) were obtained annually at each clinical center; these density measures were used to
derive equations for converting density measurements to an Hologic fan beam equivalent.
Lunar measures were converted to Hologic by the following: Hologic BMD = 0.885*Lunar
BMD.33 As patients became larger the pencil beam and fan beam values deviate requiring
further correction.33 This occurred at the height of 1.40 m in our patients so all values were
standardized to Hologic fan beam by the following: fan beam BMD = pencil beam BMD +
0.0549 if height >1.40 m. The final corrected BMD measures are reported as total BMD (g/
cm?). The BMD Z-scores were calculated using CAMP internal normals, mean and standard
deviation of patients in the lowest to medium category for cumulative oral and inhaled
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corticosteroid doses (N= 398 or 45% of the population). Because children with asthma might
not be considered as normals, we also analyzed our patients based upon normals provided by
both Boot and colleagues3* and van der Sluis and colleagues.3° Fractures were prospectively
collected on the data history forms.

Data analysis

Results

The primary outcome was yearly bone mineral accretion (g/cm?/year) over the duration of both
phases of CAMP defined as: last visit BMD - baseline BMD/years since baseline. The
independent variables of interest included cumulative bursts of OCSs, cumulative ICS dose in
milligrams, BMI, and active and passive smoking. Both simple and stepwise multiple linear
regressions were used to assess the total and direct effects bone mineral accretion.36 Analyses
were stratified by gender and predictors were tested for effect modification by gender. Multiple
linear regressions were adjusted for race and BMD at baseline, OCS and ICS use, active and
passive smoking, race, age, Tanner stage, machine type, beam type, BMI for age percentile
and height evaluated at the last visit. The interaction between OCSs and ICSs was assessed by
Chi square analysis. Assessment of risk factors for causing fracture utilized the Cox model
with time to first fracture as the outcome. P-values are nominal and two-sided. All analyses
were performed using SAS/STAT®software (SAS/STAT® User’s Guide, Version 8, Cary NC:
SAS Institute., 1999).

Patient demographics

We obtained baseline BMD and at least one follow-up BMD at a median duration of 7 years
from 877 (93%) of the children from the eligible 7 centers involved in the treatment and
observational phases, providing a total of 1709 female and 2708 male BMD measurements.
The majority of patients (85% of males and 75% of females) were at Tanner Stage 1 at the
beginning of CAMP, and the vast majority of patients progressed through the peak period of
bone mineral accretion (Tanner Stages 2 and 4) during the follow-up study Table 1.

Factors affecting BMD

Initial regression analyses showed that age, gender, and Tanner Stage, and race had significant
effects on BMD with blacks having significantly greater (p = 0.04) BMD (0.81 g/cm?) than
Hispanics (0.80 g/cm?) and whites (0.79 g/cm?). Therefore all multiple regression models for
bone mineral accretion were controlled for these variables, as well as BMD at baseline, DEXA
machine and beam type, BMI for age percentile, height, and smoking history.

Factors affecting bone mineral accretion

There was no effect of initial CAMP treatment randomization using intent-to-treat analysis on
bone mineral accretion (budesonide versus placebo, p = 0.31 for females and p = 0.84 for males;
nedocromil versus placebo, p = 0.15 for females and p = 0.82 for males), or any effect of either
passive or active smoking on bone mineral accretion but only 6% of patients smoked actively
by the last visit Table 2. Bone mineral accretion was lowest in both boys and girls in the lowest
BMI quartile (p < 0.0001)

Effects of corticosteroids on bone mineral accretion

The effect of both OCSs and ICSs on bone mineral accretion was gender-specific. A cumulative
OCS use of 5 bursts or greater resulted in a decreased bone mineral accretion in males (p =
0.0009) but not in females (p = 0.29) (Table 2). Test for trend indicated that the effect in males
was dose-dependent (p = 0.0002). Males who received ICSs had a significantly decreased bone
mineral accretion that did not appear to be dose-dependent. There was no effect of ICSs on

Pediatrics. Author manuscript; available in PMC 2010 August 26.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kelly et al.

Fractures

Page 5

bone mineral accretion in females. No significant interaction between OCS and ICS on bone
mineral accretion was found (p = 0.97 for females and p = 0.23 for males).

Using the World Health Organizations definition of osteopenia (BMD between 1 and 2.5
standard deviations below age and sex adjusted means), 80 (15%) males and 77 (22%) females
were classified as having osteopenia at their last BMD determination.3” Only 4 patients (2
males and 2 females) were classified as having osteoporosis (Z-score < —2.5) and so were
included with the subjects with osteopenia for analysis. Similar to the effects on bone mineral
accretion, only cumulative dose of OCSs in males demonstrated a dose-dependent risk for
developing osteopenia (10.2%, 13.8%, and 20.6%) for 0, 1-4, and >5 courses respectively, p
= 0.02 for trend (Table 3). Chi square analysis showed a significantly greater proportion of
children classified with osteopenia were in the lowest quartile of bone mineral accretion (72%
for males, p < 0.0001; 58% for females, p < 0.0001). Using the other published normal values,
34,35 the percent of patients classified as having osteopenia varied at most by 4% and the OCS
dose-dependent increase in percent of male patients classified as having osteopenia was not
significantly changed.

There were only 27 fractures in the females and 40 fractures in the males out of 6,339 person-
years of follow up. The overall fracture rate for boys and girls was 11 and 12 per 1000 person-
years, respectively. Neither OCS nor ICS use was related to time of first fracture in males or
females (adjusted p-values for trend all greater than 0.5).

Discussion

We found a significant dose-dependent effect of OCS bursts on bone mineral accretion and an
associated increased risk of osteopenia in the lumbar spine of males but not females over a

median time of 7 years in the CAMP children. We also found a small reduction of bone mineral
accretion from ICS use in males that was not accompanied by an increased risk of osteopenia.

Our findings are consistent with a recent 4-year longitudinal study in adults with asthma that
reported a significantly greater BMD loss in those patients receiving > 2.5 courses/year
compared to < 2.5 courses/year.* Our study suggests a lower number of courses of OCSs
(median of 8.9 over median of 7 years) can produce diminished bone mineralization in children.
In contrast, Ducharme and colleagues reported no difference in mean lumbar spine BMD Z-
score in 48 children with asthma exposed to a median of 4 OCS bursts (range 3-11) in the
preceding year versus 35 unexposed children with asthma. However, both groups had lower
than normal mean Z-scores (exposed —0.61 + 1.0 versus unexposed —0.67 + 0.9). Harris and
colleagues reported a significant reduction in lumbar spine BMD Z-score in patients 4-12 years
old receiving both high-dose ICSs and at least 1 OCS burst in the previous six months compared
to patients receiving medium dose 1CSs.® Those patients receiving only high-dose ICSs did
not have a decreased Z-scores. We did not find an interaction between OCSs and ICSs on bone
mineral accretion.

Most cross-sectional®—’+ 18-20 and even prospective longitudinal?l: 23 26, 27 stydies in children
with asthma report no negative effect of ICSs on BMD. Allen and colleagues compared 48
prepubertal children receiving budesonide dry-powder inhaler or beclomethasone dipropionate
MDI (400-2000 ng/day) to 9 aged matched controls with asthma not receiving ICSs over 9-
20 months.2> However, patients were only excluded if the number of OCS bursts exceeded 3
during the study period. Roux and colleagues assessed lumbar spine and femoral neck BMD
in 174 children 6-14 years old receiving fluticasone propionate 200 pg/day by dry-powder
inhaler or nedocromil sodium by MDI.25. Their patients were also allowed OCSs for asthma
exacerbations, and significantly more patients in the nedocromil group required OCSs (43%
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versus 26%, p < 0.001 and 16% versus 3% for 3 or more courses). While they reported no
difference in bone mineral accretion between treatments nor a significant effect of OCSs on
treatment effect, they did report a slightly greater percentage increase (1.2%) in BMD in the
fluticasone propionate group.

The relevant concern for inadequate bone mineral accretion relates to potential for fracture risk
and suboptimal attainment of peak bone mass. We found no increase in risk of fracture from
either OCSs or ICSs but likely had an insufficient number of fractures in our population to
determine risk of this outcome. A large nested case-control study in 22,846 children 4-17 years
old with fractures reported a significant increase in the risk of fractures in children taking > 4
OCS bursts over a mean followup of 2.7 years (median 2.3 years).> However, they were unable
to adequately discern whether the increased risk was due to the OCSs or severity of underlying
disease. Our data demonstrating an increased risk of osteopenia in children receiving > 5 bursts
over 7 years suggest a role for OCSs as a contributing cause. An epidemiologic study of 97,387
children 4-17 years old receiving ICSs reported an increased crude risk of fracture in those
receiving greater than 200 pg/day beclomethasone equivalent, but when adjusted for measures
of asthma severity the increased risk disappeared.16 A nested case-control analysis also failed
to demonstrate a significant increase in fracture risk from current ICS use or long term exposure
(> 20 prescriptions).38 Thus, the literature concerning risks of potential adverse effects of ICS
on bone mineralization is reassuringly negative.

Why we saw the decreased accretion in males only is unclear. There were fewer females than
males and a slightly higher percentage of females above Tanner Stage 2 upon enrollment (Table
1). More females may have reached the flat portion of their bone mineral accretion curves and
therefore less susceptible to an intervention.3%=42 Estrogen surge during pubertal development
in females may overcome the small effect associated with the relatively low dose
corticosteroids seen in the CAMP cohort as exogenous estrogen replacement therapy has been
shown to be protective against corticosteroid-induced bone loss.43—44

A weakness of our study is that during the 4.5-year follow-up study therapy was controlled by
the primary care physician and data was gathered over 4 visits/year (2 in clinic visits and 2
phone visits). On the other hand, this could be considered a strength of the study in that it is
likely to better reflect the use of both OCSs and ICSs in the general population of children with
mild to moderate asthma who are cared for by community physicians. While we did not control
for asthma severity, this cohort had mild to moderate asthma upon entry into the study and
initial measures of asthma severity were not associated with baseline height or BMD.28 The
lack of accepted normal values for BMD in children to establish Z-scores for defining
osteopenia and osteoporosis is problematic, but the fact that the number of patients we defined
as osteopenic was not significantly altered by using two published external populations
validates our use of internal normals.

In conclusion, our study demonstrates a significant dose-dependent reduction in lumbar spine
bone mineral accretion and increased risk of osteopenia from OCS bursts in males. We found
a lesser effect from ICSs in males but not females. The demonstrated ability of ICSs to
significantly reduce the use of OCSs in children with persistent asthma is likely to outweigh
the potential small decrement in bone mineral accretion seen with 1CSs.2” Long-term ICS
therapy appears to be safer than frequent OCS bursts on bone mineral accretion in children.

Abbreviations

BMD bone mineral density
BMI Body mass index
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CAMP Childhood Asthma Management Program
DEXA dual-energy x-ray absorptiometry
OCSs oral corticosteroid
ICS inhaled corticosteroid
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Figure 1.
Bone mineral density vs. height by beam type of densitometer
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Figure 2.
Age-specific bone mineral density by gender
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Characteristics of the population

Table 1

Males (n=531)

Females (n=346)

Bone mineral density (g/cm?)

Baseline visit

Last followup visit

Age (yrs)
Baseline visit

Last followup visit

Race/ethnicity

Tanner stage

Baseline visit

Last followup visit

Height (m)

Baseline visit

Last followup visit

Body mass index (kg/m

Baseline visit

Last followup visit

Median (Quartiles)
Median (Quartiles)

Median (Quartiles)
Median (Quartiles)
% White/Other

% Black

% Hispanic

% Stage 1
% Stage 2
% Stage 3
% Stage 4
% Stage 5
% Stage 1
% Stage 2
% Stage 3
% Stage 4
% Stage 5

Median (Quartiles)
Median (Quartiles)
%)

Median (Quartiles)
Median (Quartiles)

Body mass index for age (percentile)

Baseline visit

Last followup visit

Median (Quartiles)
Median (Quartiles)

0.63 (0.57, 0.69)
0.99 (0.90, 1.09)

8.8 (7.1,10.6)
16.6 (15.1, 17.7)
755
13.2
11.3

71.3
22.6
4.4
1.7
0.0
5.6
43
7.3
17.1
65.6

1.33(1.23, 1.43)
1.74 (1.68, 1.79)

17.2 (15.8, 19.9)
22.6 (20.3, 26.1)

70.6 (4.0, 90.2)
72.6 (46.2, 90.7)

0.63 (0.58, 0.71)
1.02 (0.93, 1.13)

8.9 (7.3,10.6)
16.6 (15.0, 17.7)
78.3
14.4
7.2

70.5
17.0
8.1
35
0.9
2.6
43
10.1
20.2
62.8

1.32 (1.23, 1.43)
1.62 (1.58, 1.66)

17.3 (15.7, 20.4)
22.7(20.3, 26.6)

705 (41.6, 89.7)
74.1(51.2,90.9)
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