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IMPORTANCE Daily use of inhaled corticosteroids is a widely recommended treatment for
mild persistent asthma in children. There is concern that, similar to systemic corticosteroids,
inhaled corticosteroids may have adverse effects on bone health.

OBJECTIVE To determine whether there is an increased risk of bone fracture associated with
inhaled corticosteroid use in children with asthma.

DESIGN, SETTING, AND PARTICIPANTS In this population-based nested case-control study, we
used health administrative databases to identify a cohort of children aged 2 to 18 years with a
physician diagnosis of asthma between April 1, 2003, and March 31, 2014, who were eligible
for public drug coverage through the Ontario Drug Benefit Program (Ontario, Canada). We
matched cases of first fracture after asthma diagnosis to fracture-free controls (ratio of 1 to 4)
based on date of birth (within 1 year), sex, and age at asthma diagnosis (within 2 years). We
used a 1-year lookback period to ascertain history of inhaled corticosteroid use. Multivariable
conditional logistic regression was used to obtain an odds ratio (OR) with 95% confidence
interval for fracture, comparing no inhaled corticosteroid use vs current, recent, and past use.

EXPOSURES Inhaled corticosteroid use during the child’s 1-year lookback period, measured as
current user if the prescription was filled less than 90 days prior to the index date, recent user
(91-180 days), past user (181-365 days), or no use.

MAIN OUTCOMES AND MEASURES First emergency department visit for fracture after asthma
diagnosis, identified using International Statistical Classification of Diseases and Related
Health Problems, 10th Revision codes.

RESULTS This study included 19 420 children (61.0% male; largest proportion of children,
31.5%, were aged 6-9 years at their index date). The multivariable regression results did not
show a significant association between first fracture after asthma diagnosis and current use
(OR, 1.07; 95% CI, 0.97-1.17), recent use (OR, 0.96; 95% CI, 0.86-1.07), or past use (OR, 1.00;
95% CI, 0.91-1.11) of inhaled corticosteroids, compared with no use, while adjusting for
sociodemographic factors and other medication use. However, use of systemic
corticosteroids in the 1-year lookback period resulted in greater odds of fracture (OR, 1.17;
95% CI, 1.04-1.33).

CONCLUSIONS AND RELEVANCE Systemic corticosteroids, but not inhaled corticosteroids,
were significantly associated with increased odds of fracture in the pediatric asthma
population.
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A sthma is a common chronic respiratory disease,
with onset usually occurring during childhood or
adolescence.1 Inhaled corticosteroids (ICSs) are con-

sidered the gold-standard treatment for long-term manage-
ment of mild persistent asthma in children.2 Inhaled cortico-
steroids are recommended as a daily treatment, administered
through an inhaler, and prescribed at the lowest effective dose
to reduce the risk of adverse effects.3,4 Research suggests that
ICSs may have adverse effects on skeletal growth and
development.5-7 Corticosteroids directly interfere with osteo-
clast and osteoblast functioning, resulting in decreased bone
formation, increased resorption, and bone calcium loss.8 This
can predispose corticosteroid users to osteoporosis, increas-
ing their risk of bone fracture.8 Bone health is particularly im-
portant during childhood, leaving children with asthma a po-
tentially vulnerable population for fractures.9 Concerns about
the possible adverse effects of ICSs may also result in poor
medication adherence, leading to more frequent and severe
asthma exacerbations.4

Few studies have quantified the association between ICS use
and fracture risk in children with asthma.5-7,10 A systematic re-
view and meta-analysis reported a lack of convincing evidence
for an association; however, the authors were only able to pool
the results of 2 studies, which had inconsistent results.4,7,10 A
study in the United Kingdom in 20047 compared fracture risk in
children receiving different types of corticosteroids and found
a greater risk of fracture in the ICS group, compared with the non-
systemic corticosteroid group (topical, nasal, or ophthalmic cor-
ticosteroids). Conversely, another United Kingdom study in
200410 did not find a significant association between fractures
and current use of ICSs in children. Studies on the association be-
tween ICS use and reduced bone mineral density, a risk factor for
fracture,alsopresentconflictingresults.11-14 Clinicaltrialsshowed
that regular ICS use resulted in decreased bone mineral density
growth after 12 to 18 months, while observational studies showed
ICS-associatedbonemineraldensitylossinmalesonlyorshowed
no significant association.5,13-15

Thus, further population-based research is needed to de-
termine if there is an increased risk of fracture with ICS use in
children with asthma to provide clarity about the safety of these
widely used medications. The primary objective of this study
was to determine the association between ICS use and first frac-
ture after asthma diagnosis in children. This was examined in
a population of 19 420 children with asthma who were eli-
gible for public drug coverage through the Ontario Drug
Benefit Program in Ontario, Canada.

Methods
Study Design and Population
The association between ICS use and fracture risk was investi-
gated using a nested case-control design, with a 1-year look-
back period for exposure status. The study cohort, which formed
the population for case and control selection, included Ontario
children aged 2 to 18 years with a physician diagnosis of asthma
between April 1, 2003, and March 31, 2014. In addition, to be
eligible for the study, children had to fill at least 1 prescription

through a publicly funded drug plan during their 1-year look-
back period. Public drug coverage is available in Ontario through
the Ontario Drug Benefit Program for those aged 65 years and
older and those registered in social assistance programs (Trillium
Benefit, Ontario Works, and Ontario Disability Support Program),
along with their dependents. Thus, most eligible children were
from low-income families or had high drug costs relative to their
family income. Children were excluded from the cohort if they
were ever diagnosed with cancer or diabetes mellitus or had ever
had an organ transplant. Children were also excluded if they did
not have data on age, an Ontario residence code, or a valid
Ontario health card number.

Cases were defined as children aged 2 to 18 years who had
a bone fracture after asthma diagnosis between April 1, 2003,
and March 31, 2015. Cases were matched to controls in a 1:4
ratio, based on year of birth (within 2 years), sex, and age at
asthma diagnosis (within 1 year). The index date for the 1-year
lookback period was the date of fracture for cases. Controls
were given the same index date as their matched case’s date
of fracture. Controls were all fracture free since asthma diag-
nosis at the time of matching to cases.

Ethics approval was obtained from the Hospital for Sick
Children Research Ethics Board. Individual consent was not
required for this study, as only deidentified health adminis-
trative records were used. Under Ontario’s Personal Health In-
formation Protection Act, the Institute for Clinical Evaluative
Sciences has access to health administrative data for research
purposes under strict privacy guidelines.

Data Sources
This study used routinely collected health administrative data
for Ontario. In Ontario, there is a publicly funded single-payer
health care system. Health administrative data were linked using
unique encoded identifiers at the Institute for Clinical Evalua-
tive Sciences. Data on emergency department visits were cap-
tured through the National Ambulatory Care Reporting Sys-
tem and coded using the International Statistical Classification
of Diseases and Related Health Problems, 10th Revision (ICD-10).16

Data on prescriptions filled were captured through the Ontario
Drug Benefit database and specific drugs were identified using
their unique Drug Identification Number. Data on patient char-
acteristics, such as age, sex, residence postal code, income, and
date of death (if applicable), were captured through the
Provincial Registered Persons Database.

Key Points
Question Is use of inhaled corticosteroids associated with an
increased risk of bone fracture in children with asthma?

Findings In this population-based nested case-control study, no
significant associations between current, recent, or past use of
inhaled corticosteroids and first fracture after asthma diagnosis
were observed in children with asthma, controlling for age, sex,
age at asthma diagnosis, sociodemographic factors, and systemic
corticosteroid use.

Meaning Use of inhaled corticosteroids for the treatment of
pediatric asthma should not be limited based on fear of fracture.
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Date of asthma diagnosis was captured through the On-
tario Asthma Surveillance Information System. The Ontario
Asthma Surveillance Information System contains a cohort of
Ontario residents aged 0 to 99 years with a physician diagno-
sis of asthma between April 1, 1996, and March 31, 2014, based
on the administrative case definition at least 1 hospitalization
for asthma ever or 2 or more outpatient visits for asthma in
2 consecutive years. This definition has been validated in
Ontario children, with a sensitivity of 91.4% and a specificity
of 82.9%.17 Children with cancer or diabetes were identified
using the Ontario Cancer Registry and the Ontario Diabetes
Database, respectively. Children with a history of organ trans-
plant were identified by their health care utilization for organ
transplant in health administrative databases using ICD-10
codes (eTable in the Supplement).

Exposure and Outcome Definitions
The primary outcome was fracture, defined as the first emer-
gency department visit for fracture after asthma diagnosis,
identified using ICD-10 codes (eTable in the Supplement). Any
type of bone fracture was considered as an outcome. For the
primary exposure, cases and controls were defined as cur-
rent users if they received a prescription for an ICS medica-
tion 0 to 90 days prior to their index date, recent users if they
received a prescription 91 to 180 days prior to their index date,
past users if they received a prescription 181 to 365 days prior
to their index date, or no use if they had no record of any ICS
prescriptions during the year prior to their index date. Sec-
ondarily, ICS use was also examined as a binary variable (yes
or no), as the number of ICS prescriptions filled in the year prior
to their index date (0, 1, 2, or ≥3 prescriptions), and as the es-
timated daily dose of the most recent fluticasone propionate
prescription (or equivalent dose) filled in the year prior to their
index date (none, low, moderate, or high dose).18,19

Covariates
Covariates hypothesized to confound the association of interest
were derived from literature review. Socioeconomic status was
measured by proxy, using the Ontario Marginalization Index. The
Ontario Marginalization Index provided a measure of marginal-
ization at the population level based on census information using
4 dimensions: material deprivation, residential instability,
dependency, and ethnic concentration.20 Based on each partici-
pant’s residence postal code, he or she was assigned a score
from 1 (least marginalized) to 5 (most marginalized) for each
dimension.20 Residence was considered rural if the individual
resided in a community with a population of 10 000 people or
fewer, or urban if the opposite was true. Geographical differences
in health care delivery were captured based on participants’ resi-
dence in one of the 14 Local Health Integration Networks in
Ontario. Individuals’ income was measured by proxy using
neighborhood-level income in quintiles. Each income quintile
represented the distribution of income based on census dissemi-
nation area, with people in the lowest 20% falling into quintile
1, and the highest 20% falling into quintile 5.21 Systemic corti-
costeroid use (oral or intramuscular) was measured as the num-
ber of prescriptions filled during the lookback period (0, 1, or ≥2
prescriptions), and the estimated daily dose of the most recent

prednisone prescription (or equivalent dose) filled during the
lookbackperiod(none, low,moderate,orhighdose).19,22 A“miss-
ing” category was included for any variable missing data for more
than5individuals;otherwise,participantswithmissingdatawere
excluded.

Statistical Analysis
Statistical differences in baseline characteristics between cases
and controls were examined using t tests for continuous vari-
ables and χ2 tests for categorical variables. A 2-tailed P < .05
was considered statistically significant for all analyses. Con-
ditional logistic regression was used in univariable and mul-
tivariable analyses to account for the matched design.23 Con-
ditional logistic regression takes each 1:4 case-control match
as a stratum and produces regression coefficients for the in-
dependent variables that vary within the stratum.23 The un-
adjusted and adjusted odds ratios (ORs) for first fracture after
asthma diagnosis based on ICS medication use during the look-
back period served as the primary measures of effect. A for-
ward model building approach was used to construct the mul-
tivariable model.24 Models were further stratified by sex and
age group as subgroup analyses, decided a priori based on bio-
logical rationale.25 Forest plots were used to compare ad-
justed ORs with 95% confidence intervals across the popula-
tion subgroups. All statistical analyses were conducted using
SAS software version 9.3 (SAS Institute Inc), and forest plots
were generated using the forestplot package in R statistical com-
puting software version 3.3.3 (R Foundation).26

Results
There were 391 641 children aged 2 to 18 years with a diagnosis
of asthma between April 1, 2003, and March 31, 2014 (eFigure in
the Supplement). Of these, 39 594 children had their first episode
of fracture after asthma diagnosis between April 1, 2003, and
March 31, 2015. After excluding children with chronic conditions,
missing data, and ineligibility for public drug coverage during the
1-year lookback period, 3884 cases were eligible to be matched
to controls. After applying the same exclusion criteria to controls,
4 controls from a pool of the remaining 351 941 children were ran-
domly assigned to each case, matching on the aforementioned
criteria. This resulted in a control sample size of 15 536 children
and a total sample size of 19 420 children.

The population was 61.0% male, and approximately 67.4%
met the definition for physician-diagnosed asthma when they
were aged 5 years or younger (Table 1). The majority of the
population (approximately 61.0%) had their first fracture af-
ter asthma diagnosis when they were younger than 10 years.
Cases and controls were both largely from areas of the lowest
income quintile (1728 cases [44.5%] and 7133 controls [45.9%])
and high marginalization index. More cases (333 [8.6%]) re-
sided in rural locations than controls (1086 [7.0%]). A high pro-
portion of children in the study were nonusers of ICS in the
1-year lookback period (1894 cases [48.8%] and 7643 controls
[49.2%]). A total of 496 cases (12.8%) used systemic cortico-
steroids in the 1-year lookback period, compared with 1705
controls (11.0%).
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In the multivariable conditional logistic regression analyses,
current use (OR, 1.07; 95% CI, 0.97-1.17), recent use (OR, 0.96;
95% CI, 0.86-1.07), and past use (OR, 1.00; 95% CI, 0.91-1.11) of
ICSs were not significantly associated with the odds of fracture,
compared with no use (Table 2). These results did not change
when examining ICS use as a binary variable, as the number of
ICS prescriptions filled during the lookback period, or as the es-
timated daily dose of the most recent prescription filled during
the lookback period. Models were adjusted for Ontario Margin-
alization Index (all domains), Local Health Integration Networks,
rurality, and systemic corticosteroid use. The multivariable re-
sults showed that filling 1 prescription for a systemic corticoste-
roid was associated with a 17% increase in odds of fracture (OR,
1.17; 95% CI, 1.04-1.33), compared with never filling a prescrip-
tion. Filling 2 or more prescriptions for systemic corticosteroids
was not associated with significantly greater odds of fracture, al-
though there were few children who filled more than 1 prescrip-
tion (130 cases [3.4%] and 444 controls [2.9%]). The highest cat-

Table 1. Characteristics of the Study Population

Characteristic

No. (%)

P Value
Cases
(n = 3884)

Controls
(n = 15 536)

Demographic

Sex

Male 2368 (61.0) 9472 (61.0)
>.99

Female 1516 (39.0) 6064 (39.0)

Age at asthma diagnosis, y

0-5 2596 (66.8) 10 492 (67.5)

.696-12 1060 (27.3) 4167 (26.8)

13-18 228 (5.9) 877 (5.6)

Age at index date, y

2-5 1157 (29.8) 4690 (30.2)

.95
6-9 1224 (31.5) 4896 (31.5)

10-13 1031 (26.5) 4018 (25.9)

14-18 472 (12.2) 1932 (12.4)

Income quintile

1, Lowest 1728 (44.5) 7133 (45.9)

.68

2 863 (22.2) 3366 (21.7)

3 585 (15.1) 2318 (14.9)

4 433 (11.2) 1649 (10.6)

5, Highest 266 (6.9) 1041 (6.7)

Missing 9 (0.2) 29 (0.2)

Rural

Yes 333 (8.6) 1086 (7.0)
<.001

No 3551 (91.4) 14 450 (93.0)

Ontario Marginalization Index

Deprivation quintile

1, Lowest 312 (8.0) 1266 (8.2)

.46

2 376 (9.7) 1594 (10.3)

3 582 (15.0) 2159 (13.9)

4 761 (19.6) 2964 (19.1)

5, Highest 1822 (46.9) 7423 (47.8)

Missing 31 (0.8) 130 (0.8)

Dependency quintile

1, Lowest 1118 (28.8) 4855 (31.3)

.07

2 894 (23.0) 3512 (22.6)

3 701 (18.1) 2739 (17.6)

4 595 (15.3) 2290 (14.7)

5, Highest 545 (14.0) 2010 (12.9)

Missing 31 (0.8) 130 (0.8)

Ethnic concentration
quintile

1, Lowest 410 (10.6) 1423 (9.2)

<.001

2 423 (10.9) 1501 (9.2)

3 566 (14.6) 1837 (11.8)

4 789 (20.3) 2905 (18.7)

5, Highest 1665 (42.9) 7740 (49.8)

Missing 31 (0.8) 130 (0.8)

Residential instability
quintile

1, Lowest 386 (9.9) 1747 (11.2)

.22

2 475 (12.2) 1910 (12.3)

3 627 (16.1) 2371 (15.3)

4 1023 (26.3) 3993 (25.7)

5, Highest 1342 (34.6) 5385 (34.7)

Missing 31 (0.8) 130 (0.8)

(continued)

Table 1. Characteristics of the Study Population (continued)

Characteristic

No. (%)

P Value
Cases
(n = 3884)

Controls
(n = 15 536)

Medication Use

ICSs

Current, <90 d from
index date

830 (21.4) 3137 (20.2)

.35
Recent, 91-180 d from
index date

483 (12.4) 2033 (13.1)

Past, 181-365 d from
index date

677 (17.4) 2723 (17.5)

None 1894 (48.8) 7643 (49.2)

No. of ICS prescriptions

0 1894 (48.8) 7643 (49.2)

.47
1 982 (25.3) 3987 (25.7)

2 432 (11.1) 1755 (11.3)

≥3 576 (14.8) 2151 (13.8)

No. of systemic
corticosteroid prescriptions

0 3388 (87.2) 13 831 (89.0)

.071 366 (9.4) 1261 (8.1)

≥2 130 (3.4) 444 (2.9)

Fluticasone propionate
or equivalent daily dose

None 1894 (48.8) 7643 (49.2)

.82

Low, ≤250 μg 568 (14.6) 2209 (14.2)

Moderate, >250
to 500 μg

810 (20.9) 3236 (20.8)

High, >500 μg 588 (15.1) 2358 (15.2)

Missinga 24 (0.6) 90 (0.6)

Prednisone or equivalent
daily dose

None 3388 (87.2) 13 831 (89.0)

.006

Low, ≤10 mg 74 (1.9) 257 (1.7)

Moderate, >10 to ≤30 mg 301 (7.8) 1102 (7.1)

High, >30 mg 114 (2.9) 328 (2.1)

Missinga 7 (0.2) 18 (0.1)

Total No. of prescriptions,
mean (SD)

7.8 (12.0) 7.0 (11.3) <.001

Abbreviation: ICS, inhaled corticosteroid.
a Daily dose values over the 99th percentile (data entry errors) or with unknown

equivalency were set to missing.
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egory of estimated prednisone daily dose or equivalent was as-
sociated with a 41% increase in odds of fracture (OR, 1.41; 95%
CI, 1.14-1.76), compared with no use, while lower doses were not
significantly associated.

No significant associations were observed between ICS use
and odds of fracture within male and female subpopulations
(Figure 1), or within age-at-index-date subgroups (Figure 2). In
girls, filling 1 prescription for a systemic corticosteroid was as-
sociated with 25% greater odds of fracture (OR, 1.25; 95% CI, 1.02-
1.52), compared with no prescription. This effect was smaller in
magnitude in boys and was not statistically significant. Filling
1 systemic corticosteroid prescription, compared with none, was
associatedwitha66%increaseinoddsoffractureinchildrenaged
10 to 13 years (OR, 1.66; 95% CI, 1.26-2.20). Filling 2 or more sys-
temic corticosteroid prescriptions (not shown) was not associ-
ated with any statistically significant effects in any age groups.

Discussion
Thispopulation-basedstudyofchildrenwithasthmadidnotshow
statistically significant associations between cases of first frac-

ture after asthma diagnosis and use of ICSs. Odds of fracture were
notstatisticallyincreasedforchildrenreceivingICSsnearthetime
of fracture, for children with frequent ICS use in the 1-year look-
back period (≥3 prescriptions), or for children with a higher es-
timated ICS daily dose, compared with children with no recorded
ICS use. However, odds of fracture were significantly higher for
children who filled 1 prescription for a systemic corticosteroid in
the 1-year lookback period compared with those who did not.
There was also evidence of a potential dose effect of systemic cor-
ticosteroids, as only those children in the highest dose category
had increased odds of fracture compared with no use.

These results are fairly consistent with the limited published
pediatric literature. Schlienger et al10 reported no significant as-
sociation between first episode of fracture and current ICS use
among children aged 5 to 17 years using a similar nested case-
control design. When incorporating systemic corticosteroid use,
they reported an OR close to significance (OR, 1.21; 95% CI,
0.99-1.49).10 Similarly, a small prospective cohort study of chil-
dren with asthma aged 5 to 12 years at baseline found no asso-
ciation between inhaled or oral corticosteroid use and fracture.5

However, that study was limited by the small number of frac-
tures within their population during the study period.5

Table 2. Unadjusted and Adjusted Results of Conditional Logistic Regression (N = 19 420)

Characteristics

Unadjusted Adjusted

OR (95% CI) P Value OR (95% CI)a P Value
Exposure

ICS use

None 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Current, <90 d from index date 1.07 (0.97-1.17) .16 1.07 (0.97-1.17) .20

Recent, 91-180 d from index date 0.96 (0.86-1.07) .47 0.96 (0.86-1.08) .53

Past, 181-365 d from index date 1.00 (0.91-1.11) .94 1.01 (0.91-1.12) .86

No. of ICS prescriptions

0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

1 1.00 (0.91-1.09) .91 1.01 (0.92-1.10) .91

2 0.99 (0.88-1.12) .92 0.99 (0.88-1.11) .82

≥3 1.08 (0.97-1.20) .15 1.07 (0.96-1.20) .21

Ever used ICSs

No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Yes 1.02 (0.95-1.09) .62 1.02 (0.95-1.10) .63

Fluticasone propionate
or equivalent daily doseb

None 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Low, ≤250 μg 1.04 (0.93-1.17) .48 1.07 (0.96-1.19) .26

Moderate, >250 to ≤500 μg 1.01 (0.92-1.11) .81 1.00 (0.91-1.10) .94

High, >500 μg 1.01 (0.91-1.12) .90 1.00 (0.90-1.11) .99

Covariate

No. of systemic corticosteroid
prescriptions

0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

1 1.20 (1.05-1.35) .006 1.17 (1.04-1.33) .01

≥2 1.21 (0.99-1.48) .07 1.19 (0.97-1.46) .10

Prednisone or equivalent daily doseb

None 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Low, ≤10 mg 1.19 (0.91-1.55) .21 1.16 (0.88-1.51) .29

Moderate, >10 to ≤30 mg 1.12 (0.98-1.28) .10 1.12 (0.97-1.28) .12

High, >30 mg 1.42 (1.14-1.76) .002 1.41 (1.14-1.76) .002

Abbreviations: ICS, inhaled
corticosteroid; OR, odds ratio.
a Adjusted for rurality, Ontario

Marginalization Index, Local Health
Integration Networks, and number
of systemic corticosteroid
prescriptions (or daily dose of
systemic corticosteroids, when
exposure was daily dose of ICS).

b Estimates for missing category not
shown (none significantly
associated with outcome).
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The largest prospective study to date on ICSs and fracture
in children aged 4 to 17 years found an 18% increased risk of frac-
ture for children who received ICSs compared with those who
used other nonsystemic corticosteroids.7 The authors attrib-
uted this effect primarily to severity of disease, as opposed to
medication use, because the same association was seen in chil-
dren who used bronchodilators, and the dose-response effects
of ICSs disappeared after adjustment for disease severity.7 The
authors hypothesized that greater disease severity would re-
duce a child’s physical activity level, decreasing bone strength
and predisposing a child for fracture.7 However, they were
unable to determine this from their study data alone.7

In the current study, use of systemic corticosteroids could
also be seen as a measure of asthma severity. We excluded some
conditions that might require use of systemic corticosteroids
(cancer and organ transplant); thus, a large proportion of the
systemic corticosteroid use in our population is likely attrib-
utable to asthma exacerbations. Therefore, some of the asso-
ciation between systemic corticosteroids and fracture may be
attributed to more severe asthma. However, there is also the
strong potential that systemic corticosteroids significantly in-
crease the risk of fracture independent of disease severity, as
these medications have a much higher circulating bioavail-

ability of corticosteroids than ICSs.27 There is a moderate body
of evidence from adult studies that links high doses of sys-
temic corticosteroids to an increased risk of bone fracture.28-32

There is limited research on this topic in pediatric popula-
tions; however, one other study has demonstrated an in-
creased risk of fracture with oral corticosteroid use.33

Our results have further implications when considering the
low use of ICSs in our study population of children with asthma.
Almost half the children failed to fill a single ICS prescription dur-
ing the 1-year lookback period, despite having prior physician-
diagnosed asthma. We used an objective measure of pharmacy
claims to measure ICS use, which research has indicated is more
accurate than self-reports or parental reports of ICS use.34 Other
studies34-38 usingobjectivemeasuresareconsistentwithourfind-
ing, with average ICS adherence ranging from 51% to 70% among
children with asthma. Low adherence to ICSs may lead to poorly
controlled asthma, eventually resulting in asthma attacks.4

Severe asthma attacks may require short-term use of systemic
corticosteroids, which are associated with adverse effects.29,39

Limitations
There are several limitations to this study owing to the nature
of the databases used. First, we were unable to assess true

Figure 1. Adjusted Odds Ratios for Fracture From Conditional Logistic Regression for Boys and Girls
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Figure 2. Adjusted Odds Ratios for Fracture From Conditional Logistic Regression
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medication use from pharmacy claims data alone; thus, esti-
mates of daily dose may not correspond to exact doses re-
ceived by children. Furthermore, because public drug cover-
age for individuals younger than 65 years is only available
through social assistance programs in Ontario, our study popu-
lation was restricted to those who were eligible for these pro-
grams and their dependents. This may limit the generalizabil-
ity of the findings, especially to populations of moderate to high
socioeconomic status because our population was generally
of low socioeconomic status. Despite this, there is strong bio-
logical rationale for the association between corticosteroids and
fracture, and a lack of evidence that different socioeconomic
subgroups would experience different effects.8,40 Using health
administrative data also did not allow for the measurement of
individual-level risk factors, such as nutrition (vitamin D and
calcium levels), physical activity, and disease severity. How-
ever, it allowed for complete participant follow-up, a large
sample size, and high power, which was needed to detect an
effect on a rare outcome, such as fracture.

Conclusions

This population-based study demonstrated no clinically
important association between ICSs and fracture among
children with asthma, but did find a significantly increased
risk of fracture associated with systemic corticosteroid use.
This effect was even larger when analyzing girls only. Clini-
cians using ICSs to optimize the control of childhood asthma
should be reassured by the lack of association with fractures;
fear of fracture is not a reason to limit the therapeutic use of
ICSs. Furthermore, asthma control with ICSs might decrease
the likelihood of asthma exacerbations requiring systemic
corticosteroid use, so wider appropriate use of ICSs may
potentially lead to a reduced fracture risk. Future research
should investigate how severity of asthma may play a role in
the risk of fracture, as some of the increased risk associated
with systemic corticosteroids may be due to the underlying
illness itself.
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