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Abstract

Background and objectives Short-course systemic corticosteroids (SCS) are recommended for moderate-to-severe
pediatric asthma exacerbations, though frequent courses may cause adverse outcomes. We examined the risk of
adverse outcomes in asthmatic children who received multiple SCS courses for exacerbation management.

Methods \We conducted a retrospective study of children aged 1-16 years with an asthma emergency department
presentation/hospitalization between October 1, 2017, and February 28, 2021. Using a Prentice-Williams-Peterson
total time model, we compared steroid-associated adverse outcomes among children who received or did not
receive short courses of SCS for asthma exacerbations over > 24-months.

Results Among 2009 eligible children, 1468 received > 1 SCS course for asthma exacerbations and 541 did not
receive SCS. Overall, there was no increase in the risk of recurrent SCS-associated adverse outcomes in those exposed
to SCS (aHR=0.95, 95% C1 0.74-1.23, p=0.7), however, the number of SCS courses received significantly affected

the risk of recurrent adverse outcomes (p=0.029). Children receiving 2 SCS courses had a reduced risk of adverse
outcomes (@HR=0.49, 95% Cl: 0.28-0.88), while those receiving >4 SCS courses experienced a non-significant, yet
clinically meaningful elevated risk of adverse outcomes (aHR=2.30, 95% Cl 0.92-5.80).

Conclusion This study shows that SCS administered for pediatric asthma exacerbations are generally safe; however,
complication risk may be increased when receiving 4+ SCS courses and synergistic with higher-dose inhaled
corticosteroids.

Keywords Pediatrics, Asthma exacerbations, Corticosteroids, Steroid bursts, Adverse outcomes, Emergency
department

*Correspondence:

Dhenuka Radhakrishnan

dradhakrishnan@cheo.on.ca

'Department of Paediatrics, Children’s Hospital of Eastern Ontario (CHEQ),
401 Smyth Road, Ottawa, ON K1H 8L1, Canada

2CHEQ Research Institute, Ottawa, ON, Canada

*Department of Pediatrics, University of Ottawa, Ottawa, ON, Canada

©The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://doi.org/10.1186/s13223-026-01018-0
http://orcid.org/0000-0002-8637-1480
http://crossmark.crossref.org/dialog/?doi=10.1186/s13223-026-01018-0&domain=pdf&date_stamp=2026-2-19

Earl et al. Allergy, Asthma & Clinical Inmunology (2026) 22:14

Introduction

Uncontrolled asthma in children impacts quality of life,
and asthma-related costs place an unacceptable bur-
den on healthcare systems [1]. In Canada, only 11% of
children achieve adequate asthma control [2], translat-
ing to high rates of emergency department (ED) care,
where ~ 35% of these children receive systemic corticoste-
roid (SCS) therapy [3]. The Global Initiative for Asthma
and Canadian Thoracic Society guidelines suggest the
early administration of SCSs in all but the mildest exac-
erbations, to reduce hospital and ED readmissions [4—6].
In geographically disparate cohorts of asthmatic children,
rates of annual SCS prescriptions reach almost 50% along
with very high rates of repeat SCS prescriptions [7-9].
Despite their demonstrated efficacy and perceived safety,
studies involving two large adult cohorts identified that
those receiving a single SCS prescription were at greater
risk of multiple acute complications [10, 11]. Moreover,
adults receiving>4 annual short-course SCS prescrip-
tions for asthma exacerbations, developed chronic com-
plications including osteoporosis, hypertension, obesity,
and cataracts [12]. In asthmatic children, exposure to
periodic SCS may impart a higher risk of long-term
complications [13]. A population-based pediatric study
demonstrated an association between SCS bursts and
GI bleeding, sepsis, and pneumonia [14]. Multiple SCS
bursts are also correlated with a dose-dependent reduc-
tion in bone mineral accretion in asthmatic children
[15-17]. In all studies, follow-up did not exceed a few
months. More recent evidence from a large, representa-
tive American cohort has indicated that children receiv-
ing a minimum of 1-3 annual short courses of SCS for
acute asthma are at greater risk of SCS-related complica-
tions [18].

While an association between multiple SCS bursts and
complications amongst children is emerging, uncertainty
exists due to limited studies, short follow-up and a lack
of reporting [19, 20]. This relationship has not been stud-
ied within a population of children in a publicly funded,
universal access healthcare system as available in Canada.
Therefore, we conducted a retrospective cohort study
with long-term follow up to explore the effect of multiple
SCS bursts on well-documented SCS-associated conse-
quences (i.e., gastrointestinal, infectious, endocrine, or
ocular adverse outcomes), amongst asthmatic children
who receive acute care at a Canadian tertiary care pedi-
atrics hospital. We hypothesized that children receiving
frequent SCS bursts would have a greater risk for adverse
outcomes. Broadening our understanding of the compli-
cations associated with short courses of SCS in asthmatic
children will facilitate more personalized treatment pro-
tocols and patient monitoring.
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Methods

Study design and setting

This is a single-center, retrospective comparative cohort
study of children between 1 and 16 years seen in the ED
or hospitalized for a diagnosis of asthma and treated
with or without SCS at the Children’s Hospital of East-
ern Ontario (CHEO). CHEO is a tertiary-level pediatric
hospital with a catchment area of 2 million people, and
75,000 annual visits to the ED. This study was approved
by the CHEO Research Ethics Board and is reported in
accordance with the RECORD statement [21].

Data sources

For all patient encounters from October 2017 onwards,
we used clinical data from the CHEO Epic electronic
medical record (EMR). Information on medical diagno-
ses from ED, inpatient and outpatient visits were defined
using International Statistical Classification of Diseases
and Related Health Problems, 10th Revision (ICD-10)
diagnostic codes. Data on medication prescriptions were
identified using their unique Drug Identification Num-
ber. Locally collected health administrative data available
through the CHEO Data Warehouse were used to define
medical diagnoses and healthcare visits prior to October
2017. Using these data sources, we identified all children
with an ED visit for asthma during the study accrual
period and collected information on age, sex, details of
subsequent ED visits or hospitalizations, and number of
SCS courses administered (See Supplementary Table 1
for definitions of SCS course, Additional File 1). All rel-
evant comorbid diagnoses and adverse outcomes were
identified using ICD-10 codes (See Supplementary Tables
2, and 3, Additional File 1). Asthma severity at triage was
ascertained using the pediatric respiratory assessment
measure (PRAM) score, and/or the Canadian triage acu-
ity score (CTAS). A PRAM score >3 represents moder-
ate-to-severe exacerbations and is associated with SCS
administrations during ED asthma encounters [22, 23].
Similarly, a CTAS score 1-3 indicates urgent or emer-
gent symptoms and corresponds to a moderate-to-severe
exacerbation [24] (See Supplementary Table 1, Addi-
tional File 1).

Study population

We included all children aged>1 to<16 years with a
primary diagnosis of asthma (using ICD codes J45/46)
during an ED encounter or hospital admission, between
October 2017 and February 2021. This timeframe was
chosen to coincide with the availability of Epic EMR
data, which is more detailed than health administrative
data. Our study duration spanned October 21, 2014 —
April 30, 2023, which enabled a minimum 3-year wash-
out period and a minimum 24-month follow-up period.
Children<1 year were excluded due to challenges
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distinguishing a diagnosis of asthma from bronchiolitis
(Fig. 1).

Cohort development

Participants in the SCS-exposed cohort (cases) were
assigned an index date for their first asthma ED visit dur-
ing the accrual period where they received SCS. Subse-
quent asthma ED/inpatient encounters over > 24 months
with a corresponding SCS prescription were captured.
Cases who received any SCS prescriptions for a primary
diagnosis other than asthma, were excluded.

A non-SCS-exposed cohort (controls) consisted of
participants with an asthma ED visit during the accrual
period where no SCS was administered. This cohort
required a follow-up observation of > 24 months, with no
SCS prescriptions.

Any SCS-associated adverse outcomes during follow-
up were captured for both cohorts using ICD-10 codes
(See Supplementary Table 3, Additional File 1). Cases and
controls were excluded if diagnosed with any comorbid
conditions expected to require SCS treatment (See Sup-
plementary Table 2, Additional File 1).

Washout period

Both cases and controls were observed from the time of
birth, or for a minimum of 3 years prior to their index
date to ensure a minimal likelihood of previous SCS
treatment. Prior to 2017, comprehensive prescribing data

Children identified through EPIC
Data Warehouse with an acute care
di is of asthma b Oct
2017 and Feb 2021
(n = 4001)

Exclude
All patients <1yr and/or
>16yrs at index acute
care asthma visit
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was not available, so we developed a composite mea-
sure to detect likely SCS prescriptions that consisted of:
available prescribing data, asthma severity during ED/
Inpatient encounters (i.e., CTAS<4 or PRAM>3), and/
or hospitalization. Participants with any comorbidities
expected to require SCS therapy or diagnosed with any
SCS-associated adverse outcomes during the washout
period were also excluded. While fractures and pneu-
monia were adverse outcomes recorded in this study,
children with these conditions during the washout were
not excluded given their high frequency in children with
asthma, and because pneumonia can be related to poor
asthma control.

Covariates
Covariates hypothesized to confound the association
of SCS and adverse events were captured at baseline
(Table 1).

Socioeconomic status was approximated using the
neighbourhood material deprivation quintile, which is
a dimension of the Ontario Marginalization (ON-Marg)
Index [25] and was linked via postal code. ON-Marg
is a validated index (where 1=Ileast marginalized and
5=most marginalized) and is associated with negative
health outcomes, including asthma [26].

No SCS administration associated )
with an acute care diagnosis of

1+ SCS administration associated
with an acute care diagnosis of
asthma
(n = 2765)

(n=1297)

1+ SCS administration associated
with an acute care diagnosis of
asthma (age 1-16yrs at diagnosis)
between Oct 2017 and Feb 2021
(n = 1468)

SCS-Exposed Cohort

( Ineligible \

* SCS administration for non-
asthma indication during
follow-up (n=516)
* SCS administration during
washout period (n=326)
* PRAM>4, CTAS<4, or
Hospitalization in washout
period (n=354)
* Adverse outcome and/or
comorbidities during washout

\ period (n=101) /

asthma
(n=797) )

Ineligible
(n=206)
* PRAM>4, CTAS<4, or

hospitalization during
washout period (n=198)
+ Adverse outcome and/or
comorbidities during the
washout period (n=58)

No SCS administration associated
with an acute care diagnosis of
asthma (age 1-16yrs at diagnosis)
between Oct 2017 and Feb 2021
(n=541)

Non-SCS-Exposed Cohort

Fig. 1 Study cohort selection. Abbreviation: CTAS =Canadian triage acuity score, PRAM = pediatric respiratory assessment measure, SCS = systemic corti-
costeroids. Patients without Ontario postal code, >24 months of consecutive follow-up data, or >3 years of consecutive washout period data were already

excluded from initial starting population
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Table 1 Baseline characteristics and systemic corticosteroid

exposure
SCS-Exposed Cohort Non-SCS-
(N=1468) Exposed

Cohort
(N=541)

Age at Index (y)

Median (IQR) 3.0(1.0,6.0) 7040
11.0)

Age groups at Index

1-5 years old, n (%) 1056 (71.9%) 191
(35.3%)

6-16 years old, n (%) 412 (28.1%) 350
(64.7%)

Sex

Female, n (%) 530 (36.2%) 245
(45.5%)

First PRAM at index date

Mean (SD) 6.8 (2.6) 1.5(1.8)

Follow-up (y)

Median (IQR) 4.0(3.3,4.7) 4233,
5.0)

Washout (y)

Median (IQR) 3.0(1.0,3.0 3020,
3.0)

# of SCS courses, n (%)

0 0 (0%) 541 (100%)

1 1113 (75.8%) 0 (0%)

2 224 (15.3%) 0 (0%)

3 71 (4.8%) 0 (0%)

4+ 60 (4.1%) 0 (0%)

Deprivation Quintiles, n (%)

1 599 (41.3%) 229
(42.7%)

2 274 (18.9%) 97 (18.1%)

3 196 (13.5%) 73 (13.6%)

4 157 (10.8%) 55 (10.3%)

5 225 (15.5%) 82 (15.3%)

IQR=interquartile range, PRAM =pediatric respiratory assessment measure,
SCS=systemic corticosteroids, SD =standard deviation

Outcomes

The primary outcome was the development of any
SCS-associated adverse outcomes during the follow-up
period, as identified using ICD-10 codes (See Supple-
mentary Table 3, Additional File 1).

Statistical analysis
Baseline characteristics were compared between cohorts
using frequency counts, percentages and Fisher’s Exact
Test for categorical variables as well as means, medians,
standard deviations, and t-tests for continuous variables.
A 2-tailed P<0.05 was considered statistically significant.
To determine an association between cumulative SCS
bursts and the development of steroid-associated compli-
cations, we utilized the Cochrane Armitage test for trend
in unadjusted data, and the Prentice-Williams-Peterson
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(PWP) model with a total time scale measured from the
beginning of the study (TT), adjusted for patient age and
sex. To fit the PWP-TT, the dataset was truncated after a
patient experienced a fourth event (i.e., all adverse events
after the fourth per patient were discarded). This cut-off
was required to obtain stable estimates. Dependence of
recurrent events within the same subject was accounted
for using robust standard errors. Results were expressed
as adjusted relative rates (RR) and 95% Wald confidence
intervals (CI).

Sensitivity analyses

Analyses were replicated to exclude those patients living
outside Ottawa to increase the likelihood that patients
enrolled in the study received acute care services at
CHEO. An unpaired two-samples Wilcoxon test was
used to assess whether those patients with a postal code
within Ottawa had more CHEO hospital encounters
compared to those residing outside Ottawa.

To account for potential confounding effects from
inhaled corticosteroid (ICS) exposure, analyses were
repeated after excluding those patients followed in the
CHEO respirology clinic, which provides care for chil-
dren with moderate-to-severe asthma who are treated
with moderate-high dose ICS therapy.

To account for our exclusion of patients with croup
from our primary analysis, which may have inadvertently
eliminated asthmatic patients, we performed a sensitivity
analysis with re-inclusion of children with croup.

Finally, we repeated all analyses with exclusion of
pneumonia as an outcome, given its anticipated high
frequency in the cohort and it also being an indicator of
poor asthma control.

Results

Between October 1, 2017, and February 28, 2021, 4001
children aged 1-16 years old presented to the CHEO
ED with asthma, and 2765 received an SCS during the
same visit. Following application of inclusion/exclusion
criteria, the final study cohort included 1468 in the SCS-
exposed cohort and 541 in the SCS-non-exposed cohort
(Fig. 1). Notable differences in baseline characteristics
(Table 1) included a significantly younger age at index
(3.0 1.0-6.0 vs 7.0; 4.0-11.0, p<0.001), an over-repre-
sentation of pre-school asthma (71.9%), and significantly
fewer females (36.2%) in the SCS-exposed cohort. Most
SCS-exposed cases (75.8%) received a single SCS course
during the follow-up window. In unadjusted analysis,
there was no difference in the total frequency of adverse
outcomes between the SCS exposed and non-exposed
cohorts (19.6% vs 16.3%, p=0.094, See Supplementary
Table 4, Additional File 1), though bacterial pneumonia
was more frequent in the SCS-exposed cohort (12.1%
vs 4.3%, p<0.001). We did observe a significant trend
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Table 2 Risk of recurrent adverse outcomes in children exposed
versus unexposed to systemic corticosteroids for asthma
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Table 4 Recurrent adverse outcome risk in children by systemic
corticosteroid courses for asthma, without respirology clinic

Adjusted assessment
Characteristic aHR 95% Cl p-value Adjusted
Cohort Characteristic aHR 95% Cl p-value
Non-SCS-Exposed - - Number of SCS Courses 0.29
SCS-Exposed 0.95 0.74,1.23 0.71 0 - —
Age at Index 1.00 0.98,1.03 0.73 1 1.16 0.85,1.59
Sex 0.63 2 0.56 0.25,1.23
Female — - 3 0.89 0.28,2.76
Male 0.95 0.77,117 4 or more 138 0.35,5.39
Deprivation quintiles 0.070 Age at Index 1.01 0.98,1.04 049
1 - - Sex 093
2 1.06 0.79,1.42 Female - -
3 1.24 0.94,1.64 Male 1.01 0.78,1.30
4 0.72 044,1.15 Deprivation quintiles 036
5 0.81 0.61,1.07 1 - -
Cl=confidence interval, aHR = hazard ratio, SCS =systemic corticosteroids 2 11 0.80,1.53
3 1.00 0.72,1.40

Table 3 Risk of recurrent adverse outcomes in children by 4 0.71 040,1.24
systemic corticosteroid courses for asthma 5 0.78 0.54,1.12

Adjusted Abbreviation:  Cl=confidence interval, aHR=adjusted hazard ratio,
Characteristic aHR 95% Cl p-value SCS=systemic corticosteroids
Number of SCS Courses 0.029
0 - - children receiving a single course. For children receiv-
1 0.99 077,127 ing >4 SCS courses there was a non-significant, yet clini-
2 049 028,088 cally meaningful increase in the risk of adverse outcomes
3 0.71 0.27,1.90 (aHR =2.30, 95% CI 0.92-5.80, Table 3).
4 or more 230 092,580 After excluding respirology clinic-managed patients
Age at Index 1.00 098, 1.03 093 from this analysis, the dose-association was no longer
Sex 060 significant (overall p=0.29, Table 4) and the previously
Female - - seen apparent increase in recurrent adverse events at>4
Male 0.94 0.76,1.17 SCS courses diminished (aHR=1.38, 95% CI 0.35-5.39,
Deprivation quintiles 0.084 Table 4).
1 - - In a second sensitivity analysis with bacterial pneumo-
2 105 0.78,1.40 nia excluded as an adverse outcome, again, there was no
3 123 093,1.63 longer a significant dose association between SCS expo-
4 072 045,115 sure and an increased risk of recurrent adverse events
5 0.81 0.60, 1.07

Cl=confidence interval, aHR=hazard ratio,
SCS=systemic corticosteroids

towards an increase in adverse outcomes in the SCS-
exposed cohort as the number of SCS courses increased
(p=0.01, Supplementary Table 5, Additional File 1).

After adjustment for age, sex and degree of marginal-
ization, there was no significant association between SCS
exposure and recurrent adverse outcomes (aHR=0.95,
95% CI1 0.74-1.23, p=0.7, Table 2).

When the recurrent event analysis was adjusted for
the number of SCS courses received, a dose-associated
effect of SCS courses on recurrent adverse outcomes was
observed (overall p=0.029, Table 3). Children receiving
2 SCS courses had a reduced risk of adverse outcomes
(aHR=0.49, 95% CI 0.28-0.88, Table 3) compared to

(overall p=0.31, Table 5). Moreover, no significant asso-
ciation was observed with 2 SCS courses (aHR=0.46,
95% CI 0.17-1.25, Table 5), and there was clearly no asso-
ciation at>4 SCS courses (aHR=2.23, 95% CI 0.62, 7.20,
Table 5).

Re-including patients with comorbid croup diagno-
ses within our study sample (n=2074), did not change
the results of any analyses (See Supplementary Table 6,
Additional File 1). Additional analysis to exclude patients
living outside Ottawa was not pursued as no significant
difference in frequency distributions of CHEO hospital
encounters for those living within and outside Ottawa
was observed (See Supplementary Fig. 1, Additional File
1).
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Table 5 Recurrent adverse outcome risk by systemic
corticosteroid courses for childhood asthma, excluding
pneumonia

Adjusted
Characteristic aHR 95% Cl p-value
Number of SCS Courses 0.31
0 — —
1 1.00 0.73,1.37
2 046 0.17,1.25
3 0.60 0.14,2.52
4 or more 223 0.62,7.95
Age at Index 1.02 0.99, 1.05 0.29
Sex 043
Female - -
Male 0.89 0.68,1.18
Deprivation quintiles 0.16
1 — —
2 1.29 0.88,1.88
3 1.36 0.95,1.96
4 0.78 043,141
5 0.88 0.59,1.32

Cl=confidence interval,

corticosteroids

aHR=adjusted hazard ratio, SCS=systemic

Discussion

This study evaluated steroid-associated adverse outcomes
in a large cohort of children who received short courses
of SCS during ED visits or hospitalizations for asthma at
a tertiary pediatric centre. We found that SCS for pediat-
ric asthma exacerbations are generally safe with no glob-
ally increased risk of recurrent adverse events. However,
we did note a clinically meaningful, but not statistically
significant increase in the risk of recurrent adverse events
among children receiving >4 SCS courses. This suggests a
potential threshold effect after exposure to a higher num-
ber of SCS courses, which was not independently signifi-
cant in our study, likely due to the very small proportion
of our cohort exposed to frequent SCS courses. These
observations align with previous studies, including that
of Sullivan et al. who also found that children exposed
to=4 SCS annual courses had a 2.9 xincreased odds of
complications [10, 14, 18, 27].

Amongst all patients receiving SCS courses in this
study, pneumonia was the most prevalent adverse out-
come, which is also known to inversely correlate with
asthma control [28]. In our sensitivity analysis where
pneumonia was removed as an adverse outcome, the
dose-association in recurrent adverse events was no
longer present, particularly the unexpected finding of a
reduction in the recurrent risk of adverse events among
those receiving 2 SCS courses. A similar pattern emerged
in our sensitivity analysis where patients followed in our
centre’s respirology clinic were removed. This may sug-
gest that receiving 2 SCS courses (i.e., reflecting 2 severe
exacerbations) triggered more focus on preventative
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interventions to improve asthma control in the respirol-
ogy clinic (e.g., asthma education, improving adherence),
resulting in a reduction in the frequency of pneumo-
nias. Excluding pneumonia also negated the previously
noted dose-associated risk of adverse outcomes in those
receiving>4 SCS courses. Thus, in our study, whether
the risk of pneumonia reflects an SCS-associated adverse
event or is just a reflection of asthma control is in ques-
tion. Despite this, in a large population-based pediatric
study of single SCS exposures for various indications, an
increased risk of pneumonia was identified [14], suggest-
ing a correlation between short courses of SCS and the
development of pneumonia irrespective of the presence
of asthma.

Our study also identified fewer SCS complications
compared to others, potentially related to our stricter
definition of adverse outcomes. Sullivan et al. reported
on a composite adverse outcome that included milder
and transient complications such as vomiting, and behav-
ioural disturbances. It is known that these types of mild
SCS-associated adverse reactions, are treatment-limited
[19, 20], and were not the focus of the present study. We
also did not detect an increased risk for serious SCS com-
plications such as sepsis, GI bleeding, osteoporosis and
adrenal insufficiency. This differs from the results of Yao
et al. [14] who observed the development of sepsis and GI
bleeding after a single SCS course. This may be explained
by the large numbers needed to harm in the aforemen-
tioned study [14] and that SCS courses up to 14 days
were considered, compared to our study where a course
was defined as<5 days, consistent with pediatric asthma
exacerbation management standards. This longer dura-
tion of exposure may have contributed to the increased
risk of adverse events observed in this prior study, given
corticosteroid complications are dose and time-related
[29, 30].

Patients in our study were exposed to fewer SCS
courses than cohorts from comparable studies. Most
patients in our cohort received a single SCS course, with
only ~ 4% receiving>4 SCS courses. This may be because
our study exclusively investigated patients at a tertiary
pediatrics centre, compared to broader community-
based asthma cohorts in other studies [18]. Moreover,
guideline-directed asthma care is greater in pediatric
EDs [31], along with severity-based treatment algorithms
to ensure judicious SCS prescribing. Similarly, prescrip-
tion of ICS at ED discharge is routine at our institution,
and this reduces asthma ED relapses [32-34], but is not
standard practice in many EDs [35, 36]. The lower bur-
den of SCS exposure in our study likely contributed
to the fewer number of SCS-associated complications
observed. Moreover, pre-school wheezing is known to be
highly heterogenous, with a population of children remit-
ting without persistence of asthma symptoms [37]. Given
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children as young as 1-year-old were identified in this
study, it is possible that a proportion of these children
with an ED or inpatient visit diagnosis for asthma, may
have instead experienced a transient episode of virally
induced wheeze. These children would be expected to
have fewer subsequent asthma-like presentations, poten-
tially leading to fewer SCS courses and SCS-associated
adverse events. Similarly, these children are likely to have
less chronic disease burden and may be at lower risk for
developing this study’s adverse outcomes of interest.

There is growing concern about the synergistic effects
of high-dose ICS and intermittent SCS exposure [38].
While prior literature has argued that oral steroid expo-
sure in asthma contributes more significantly to adverse
outcomes [38, 39], recent data have identified the poten-
tial dose-dependent adverse effects of ICS, including
adrenal suppression [40, 41]. We attempted to control for
this by removing patients likely receiving higher doses of
ICS (i.e., those with more severe asthma followed at our
centre’s respirology clinic) from our analysis. This was
associated with negating the dose-associated increased
risk of adverse events, possibly suggesting that side
effects of intermittent SCS courses may be augmented
by higher ICS doses, though our study design does not
permit full exploration of this question. In fact, this
study may not have captured certain important adverse
events (i.e., adrenal suppression) among children on
higher ICS doses, if they had received outpatient OCS
or did not have an asthma ED visit during the study win-
dow, and thus we continue to advocate for screening of
this type of complication in this population. Moreover,
we were unable to assess ICS adherence and while we
attempted to control for those likely receiving higher ICS
doses, we cannot comment on the consistency of their
administration.

Study limitations

In this study we were unable to adjust for baseline
asthma severity due to lack of detailed ICS dosing and
adherence data or lung function in our datasets. Pro-
pensity score matching by asthma severity or likelihood
to receive SCS was considered, however, after excluding
participants potentially exposed to SCS for non-asthma
indications and/or those who developed SCS-related
adverse outcomes during the washout period, there were
few remaining factors to include in a propensity score.
Accordingly, we adjusted for remaining variables (i.e.,
age, sex, and marginalization) and used sensitivity analy-
ses to better characterize our results.

Data capture in this study was restricted to records
available for SCS prescribing at CHEO. Therefore, any
potential SCS prescriptions from surrounding facili-
ties were unaccounted for, potentially underestimating
the true annual exposure of SCS, while also potentially
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leading to the unintended inclusion of children that have
received SCS for non-asthma indications. Specific dura-
tions of SCS prescriptions were not controlled for in this
study, however, an SCS course was limited to<3 days of
dexamethasone or<5 days of prednisone, which are both
the typical maximal durations as per pediatric asthma
standard of care. Moreover, given this study’s retrospec-
tive design, information about adherence to SCS courses
could not be obtained. Adverse outcomes may also be
underreported if care was sought at another facility. We
suspect this would be true for routine conditions (i.e.,
pneumonia, viral illness, etc.) and less relevant for con-
ditions requiring subspeciality involvement (i.e., osteopo-
rosis, fractures, etc.) that is only provided at CHEO for
children in our region. Moreover, by analyzing the fre-
quency of CHEO encounters by region, we found it was
equivalent amongst those patients living both outside
and within the Ottawa region.

Conclusions

In this study, we demonstrated that intermittent SCS
courses for the management of asthma exacerbations
at a Canadian tertiary pediatrics centre are generally
safe. Regardless, we recommend caution beyond >4 SCS
courses, especially with concomitant use of moderate-
high dose ICS, as this may represent a threshold for
increased risk of adverse outcomes. Ongoing inquiry
to differentiate the influence of higher doses of ICS and
short-course SCS on complications in children with
asthma represents an important domain of research.
Similarly, we recommend exercising SCS stewardship
in childhood asthma and exploring the efficacy of lower
dose and shorter duration SCS courses for acute asthma
exacerbation management. This study emphasizes the
importance of achieving good asthma control as an
approach to minimize the need for repetitive SCS courses
in pediatric asthma.
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