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ABSTRACT

Objective Adverse events (AEs) associated with short-
term corticosteroid use for respiratory conditions in young
children.

Design Systematic review of primary studies.

Data sources Medline, Cochrane CENTRAL, Embase and
regulatory agencies were searched September 2014;
search was updated in 2017.

Eligibility criteria Children <6 years with acute
respiratory condition, given inhaled (high-dose) or
systemic corticosteroids up to 14 days.

Data extraction and synthesis One reviewer extracted
with another reviewer verifying data. Study selection

and methodological quality (McHarm scale) involved
duplicate independent reviews. We extracted AEs reported
by study authors and used a categorisation model by
organ systems. Meta-analyses used Peto ORs (pORs)

and DerSimonian Laird inverse variance method utilising
Mantel-Haenszel Q statistic, with 95% CI. Subgroup
analyses were conducted for respiratory condition and
dose.

Results Eighty-five studies (11505 children) were
included; 68 were randomised trials. Methodological
quality was poor overall due to lack of assessment and
inadequate reporting of AEs. Meta-analysis (six studies;
n=1373) found fewer cases of vomiting comparing oral
dexamethasone with prednisone (pOR 0.29, 95% Cl

0.17 to 0.48; 1°=0%). The mean difference in change-
from-baseline height after one year between inhaled
corticosteroid and placebo was 0.10 cm (two studies,
n=268; 95% Cl —0.47 to 0.67). Results from five studies
with heterogeneous interventions, comparators and
measurements were not pooled; one study found a smaller
mean change in height z-score with recurrent high-dose
inhaled fluticasone over one year. No significant differences
were found comparing systemic or inhaled corticosteroid
with placebo, or between corticosteroids, for other AEs; Cls
around estimates were often wide, due to small samples
and few events.

Conclusions Evidence suggests that short-term high-
dose inhaled or systemic corticosteroids use is not
associated with an increase in AEs across organ systems.
Uncertainties remain, particularly for recurrent use and
growth outcomes, due to low study quality, poor reporting
and imprecision.

Strengths and limitations of this study

» Examined safety outcomes associated with short-
term corticosteroid use across multiple common
acute respiratory conditions in young children.

» Broad range of adverse events (AEs) captured across
organ systems.

» Inconsistent definitions, assessments and reporting
of AEs.

» Extensive variation in corticosteroid formulations
and dosages within and between studies.

» Did not examine long-term corticosteroid use (>14
days).

INTRODUCTION

Corticosteroids are the cornerstone of treat-
ment for many common paediatric respi-
ratory conditions including croup and
asthma.'™ These conditions often result
in presentation to urgent and emergency
care settings, in otherwise healthy children.
Previous studies examining corticosteroid
use in chronic asthma have demonstrated
the potential for short-term and long-term
adverse events (AEs), particularly growth
inhibition, bone disease and adrenal suppres-
sion.”® While corticosteroids have demon-
strated effectiveness for the acute treatment
of many respiratory indications, clinicians
are faced with considerable uncertainty
regarding shortterm safety, particularly
among the youngest children.'

Previous systematic reviews have exam-
ined corticosteroids in preschool or school-
aged asthma or wheezing® " %, however, most
focused on efficacy and were restricted to
randomised controlled trials (RCTs). These
reviews also focused on a specific underlying
condition, disease severity, or particular corti-
costeroid, and mostly for longer-term admin-
istration (eg, for recurrent, persistent or
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chronic asthma). Current guidance on systematic assess-
ment of harms highlights the need to include data from
observational studies when considering safety outcomes.”
As well, it has been suggested that it may be useful to have
a wider view of the evidence across a number of similar
indications."” Recent knowledge synthesis approaches
have studied specific safety outcomes across conditions
to increase power, with the assumption that some safety
outcomes are not confounded by condition.'” Such a
comprehensive approach to knowledge synthesis in this
area is critical to inform treatment decisions, reduce prac-
tice variation and optimise management of young chil-
dren who seek care due to acute respiratory illness.

The goal of this study was to synthesise evidence
regarding the safety of short course corticosteroid use
in young children (<6years) with acute respiratory
conditions.

METHODS

This review followed internationally recommended
methods and standards for systematic reviews.'"™ An a
priori protocol was developed (available from authors).

Patient and public involvement
Patients and/or the public were not involved in the
design or conduct of this systematic review.

Literature search

Original database searches were conducted September
2014 in Ovid Medline, the Cochrane Central Register
of Controlled Trials (CENTRAL) via Wiley Cochrane
Library, and Ovid Embase. Additional sources included
regulatory agency databases: Drugs@FDA, Health Cana-
da’s Drug Products Database and the European Medi-
cines Agency’s European Public Assessment Reports.
Search strategies combined index terms and keywords
for respiratory illnesses, children and drug classes iden-
tified in the Global Initiative for Asthma (GINA)'* guide-
lines. Study design filters were applied to limit results to
RCTs and observational studies. Update searches were
executed in Medline and CENTRAL in February 2016,
and then again in July 2017. Detailed search strategies are
in online supplementary file 1.

Eligibility criteria
We included primary studies involving population (P):
children up to sixyears old; intervention (I): treated
with single or recurrent systemic (any dose) or high-dose
inhaled (as defined by the GINA guidelinesM) corticoste-
roids for up to 14 days; comparator (C): any comparator;
outcome (O): any AE; timing (T): any timing; and, setting
(S): any inpatient or outpatient setting providing care to
children with an acute respiratory condition. See online
supplementary file 2 for detailed eligibility criteria.
Given the lack of standardised terminology for safety,
we gathered information on all potentially drug-related
harm outcomes' from studies including, but not limited

to: adverse drug reactions, adverse drug events, medica-
tion errors, side effects and potential adverse drug events.
For consistency, these outcomes are referred to in the
manuscript as AEs. Studies that did not report or mention
AEs were excluded. Due to resource constraints and
mean age of the studies, no attempt was made to contact
study authors if no harms were reported in the text, or
when there was potentially missing data; such efforts are
unlikely to yield additional data.

Study selection

Two reviewers independently screened the titles and
abstracts of all records using a priori selection criteria. Full
texts of potentially eligible studies were reviewed by two
reviewers independently using a standard form. Disagree-
ments were resolved through consensus or consultation
with a third reviewer.

Data extraction

One reviewer extracted data using a structured form, with
verification by a second reviewer. Data were extracted on
study characteristics (design features), patient charac-
teristics (age, sex, baseline characteristics), respiratory
conditions, interventions (type, dose, duration, route of
administration, timing, cointerventions, rescue medica-
tions), outcomes (types and timing), care setting, funding
sources and results.

AEs were extracted as reported by study authors and
categorised using a published model based on organ
systems (see Results section).'® A panel of clinicians with
specialties in paediatrics, emergency medicine, respira-
tory medicine and clinical pharmacology rated each AE
in order of clinical severity independent of knowledge of
the study results.

Assessment of methodological quality

Two reviewers independently assessed the methodolog-
ical quality of studies using the McMaster Quality Assess-
ment Scale for Harms (McHarm) l7; disagreements were
resolved through discussion.

Data synthesis

A comparative summary of AEs for studies with more than
one treatment arm was presented to provide an overall
picture of which interventions had a high risk of specific
AEs. Risk differences were pooled using the DerSimonian
Laird inverse variance random-effects method utilising
the Mantel-Haenszel Q) statistic. Binary data were also
pooled using the Peto ORs (pORs) fixed-effects method.'®
Studies that reported at least one event in at least one
treatment arm were included in the analysis of pORs and
all comparative studies were used for analysis of RD. One
AE (growth) was reported as a continuous outcome and
data were pooled using a DerSimonian Laird inverse vari-
ance random effects method as a mean difference (MD;in
cm). The I*statistic was presented to quantify the magni-
tude of statistical heterogeneity between studies; while
the I” has the potential to be misinterpreted, it is the stan-
dard in the field and we chose to present the statistic for
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Figure 1

informational purposes.]9 Subgroup analyses from study-
level data were conducted for respiratory condition and
dose (single vs multidose) using Cochran’s Q (0=0.05)
to detect statistical heterogeneity. Studies contributing no
numerical data for analysis (eg, single arm studies, studies
that reported no AEs overall) are summarised in online
supplementary file 3. Assessment of small-study bias (for
meta-analyses with at least eight studies) was planned
using the funnel plot and Egger’s test™’; however, this was
not conducted due to inadequate number of studies for
each outcome. Analyses were conducted using Review
Manager V.5.3 (Cochrane Collaboration).”' Graphs were
constructed using TIBCO Spotfire S+Workbench V.3.4.%

RESULTS

Database and grey literature searches yielded 9134
records. Eightysix papers (85 studies)® ' involving
11505 participants were included (figure 1). Character-
istics of the included studies are in online supplemen-
tary file 3. There was large variation in corticosteroid
type, dose, duration and route of administration, both
for systemic and inhaled corticosteroids. Methodolog-
ical quality of studies was poor overall due to inadequate

n=9,134 n=8,010
\ 4
Full text articles assessed for eligibility v L 2

Non-English records English records excluded

n=1124 excluded (N=135): (N=903):
Not primary study Not primary study (n=112);
(n=25); No data for 0-6 year olds
No data for 0-6 year olds (n=131);
(n=17); Not acute respiratory

disease (n=18);

Not inhaled or systemic
corticosteroid (n=175);
Treatment duration >14
days (n=122);

Not outpatient setting or
hospitalized patients
(n=14);

No AE (n=163);

Full paper not available
(n=20);

Drug monographs, FDA &

Not acute respiratory
disease (n=17);

Not corticosteroid (n=5);
Not inhaled or systemic
corticosteroid (n=3);
Treatment duration >14
days (n=8);

No intervention (n=6);
No AE (n=20);

AE attributed to non-
corticosteroid (n=1);
Full paper not available

(n=1); EMEA documents, not
Translation not available eligible (n=135);
(n=22); Protocol, duplicate of full

Duplicate (n=10) publication (n=1)

Duplicate (12)

PRISMA study flow selection. PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

reporting of how AEs were defined and collected (table 1;
online supplementary file 4).

Adverse events

Results below are presented according to the categories
in table 2. Figures 2, 3 and 4 display forest plots of AEs
comparing systemic corticosteroid to placebo, inhaled
corticosteroid to placebo, and systemic dexamethasone
to another systemic corticosteroid, respectively. Results of
meta-analyses and subgroup analyses are in online supple-
mentary file 5, with effect estimates and 95% CIs. Forest
plots from meta-analyses are in online supplementary
file 6. There was large variation in the number of studies
and number of patients with available data for meta-anal-
ysis across comparisons and outcomes. Further, for four
safety outcomes there were no events in both study arms
(double-zero) across studies. In most cases, the subgroup
analyses by dose and condition did not differ substantially
from the overall results. Studies reporting no AEs overall
are summarised in online supplementary file 7.

Infections and respiratory system
The number of studies contributing to each meta-anal-
ysis ranged from one to seven (range 58-2178 children).
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Table 1_Summary of methodologioa quay assessments

No of studies
McHarm* criteria Rating (%1)

(2) Were SERIOUS events precisely defined? Yes 22
No 83 (98)
Unsure 0

(4) Were the number of DEATHS in each study group specified OR were the reason(s) for not specifying Yes 10 (12)
them given? No 75 (88)
Unsure 0

(6) Was the mode of harms collection specified as PASSIVE? Yes 11 (13)
No 73 (86)
Unsure 1(1)

(8) Did the study specify the TRAINING or BACKGROUND of who ascertained the harms? Yes 20 (24)
No 65 (76)
Unsure 0

(10) Did the author(s) use STANDARD scale(s) or checklist(s) for harms collection? Yes 6 (7)
No 76 (89)
Unsure 3(4)

(12) Was the NUMBER of participants that withdrew or were lost to follow-up specified for each study Yes 24 (28)
group? No 61 (72)
Unsure 0

(14) Did the author(s) specify the NUMBER for each TYPE of harmful event for each study group? Yes 43 (51)
No 39 (46)
Unsure 34

*Methodological quality of publications/studies as assessed by the McHarm scale.'”
TSum of percentages may not total 100 due to rounding.
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Organ system AE—category AE—specific No of studies No of participants

CNS and behaviour Tremor/jitteriness
W] Tremor
) Jittery
Behaviour change
0] Violent behaviour
) Mood change
()] Hyperactivity
4) Restlessness
) New sleep problems
) Emotional distress due to nebulizer mask
7) Psychosis
Headache

Continued
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Teble2 Cowrwed

Organ system AE—category

AE —specific

No of studies No of participants

Endocrine/metabolic and Fluid and electrolyte abnormalities 7 1849
musculoskeletal ) Hyperkalemia ’ 800
) Hyperglycemia 3 154
) Glycosuria 1 125
4) Sodium retention 1 50
(5) Dehydration 1 720
Growth 6 731
Adrenal suppression 5 249
Bone health 5 579

General General complaints 5 1146
1) Dizziness 1 87
@ Pallor 2 869
3 Excessive urination 1 134
4) Normal tooth eruption 1 56

Haematology, gum bleeding

*Each adverse event was clustered into its related organ system; a panel of clinicians ranked each AE category and its corresponding adverse events in order of clinical significance/severity.
The organ systems are presented in order of frequency of reporting, beginning with the most frequently reported (ie, infection and respiratory).
AE, adverse event; CNS, central nervous system; Gl, gastrointestinal; URT, upper respiratory tract.

There were no statistically significant differences between:
(1) systemic corticosteroid compared with placebo for severe
. - 30 7496 99 L L 30404383 .
infections, systemic infections, infections
of the lung/trachea™® **%* 7998105 5 the upper respira-
tory tract,?'0 4354656774 4 hd voice complaints43 (estimated
PORs between 0.15 and 1.26) and (2) inhaled corticosteroid
compared with placebo for severe infections," systemic infec-
tions,43 ® lung/ tmchea,45 infections of the u%per respira-
N 374445 65-67 . - 37431001 .

ory tract orvoice complaints (estimated
PORs between 0.54 and 1.51). No study comparing dexa-
methasone with another corticosteroid reported infections or
respiratory AEs.

Gastrointestinal tract

The number of studies contributing to each meta-anal-
ysis ranged from one to seven (range 97-3176 children).
There were no statistically significant differences between:

(1) systemic corticosteroid and placebo for gastrointes-
tinal (GI) bleeding, 3240638357105 (i g 30 384042 70 8183
abdominal pain30 or diarrhoea® 1% and (2) inhaled corti-
costeroid and placebo for GI bleeding,” Vomiting37 56985101
or diarrhoea.” ** Estimated pORs for both comparisons
ranged from 0.89 to 1.10.

Meta-analysis of six studies (1373 children
found fewer cases of vomiting in patients who received
dexamethasone compared with another corticosteroid, although
the number of events was small (12/663 vs 51/710 cases;
pOR 0.29, 95% CI 0.17 to 0.48; 1’-0%). These studies
focused on asthma (nzi’»),27 4180 croup (n=2)"%% or both
(n=1)*; all compared oral dexamethasone with oral pred-
nisone. No statistically significant difference was found
for abdominal pain between dexamethasone and another
corticosteroid.*> *7 **

)25 27 41 49 52 80

(=]
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MNo. of No.Total Peto Odds ratio Peto Odds ratio
Outcome: Studies  Systemic Placebo ¥Rl %l 12
Inf & Resp
Severe infections 4 0rss2 2554 = 0.15(001,243) 0
Systeruc unfections 4 SN0ms 083 1.26(034,463) NA
Lang/trackea 7 18935 2928 0.61(034,1.12) 0
URT [ 671 S5 1.21(044,333) 0
Voxe complaints 1 031 oz NA Na
Gl
Gl bheadirg 7 311287 311262 - 1.00 (050, 1 67) 0
Vomitirg 7 ®1603 41573 110 (0 45,1 7%) 17
Abdomiral pain 1 11359 1126) 101 (0.05,16.1) NA
Drsxrhea 3 107254 2423 —— 1.09(043,273) 0
CNS & Behav
Tremorfittermass 5 221559 147508 —— 144 (071,292) 0
Bahavicur charge 4 7588 3571 —t - 1.95(055,692) 0
Headacke 1 37 1133 0.11 (000, 5.63) NA
Cardio
Anythmia 1 031 oz Ha NA
Hypertension 3 1727 1714 1.00 (0 05, 1599) 50
Congestive heart faibure 1 0725 025 NA NA
EndoMetabMusc
Foud & electrolyte shrormalstnd 32 1818 —t 308(060,1599) 0
Growth none
Adveral suppression nom
Skin
Bam non
Integurmmnt 3 41536 543 ————— 2.59(1 07, 5401) 0
Pllebitis nors
General
General complaints 2 ML ®423 —4— 1.00 (062, 1 60) 0
Hemstology, gumbleeding  mome
Immune System
Inumenomapression 1 047 0Mg NA NA
05t 0 ! 10 1o
Favours systemic Favours placeto

Figure 2 Forest plot of adverse events—systemic versus placebo.

No. of No.Total Peto 0dds ratio Peto 0dds ratio
Outcome Studies  Inhaled Placebo %% Cl %% Cl ?
Inf & Reep
Severs infuctions 1 262 4167 — 054(011,277) Na
Systemic infections 2 18m1 2094 —— 0.96(045,205) Na
Langftrackea l 1362 1067 - 1.51(061,3.70) NA
UET 6 26495 241497 1— 1.03(057,185) 2
Voxe complaints 4 331343 431337 0.85(053,133%) 3
Gl
Gl Bleedmg 1 043 049 NA NA
Vomiting s 23421 2420 - 1.00 (058, 172) 0
Abdormunal pamn nom
Disrrhea 2 417326 465328 o 0E9(057,140) a4
Skin
Bam 1 oz? lr 0.14(000,682) NA
Integument 4 26432 271436 . 0E8(050,1 55) 3?7
Abdomunal pan nom
EndoMctabMusc
Fhuid & ehetrolyte shromms  nom
Adreral suppression 1 5% 410 B S S — 521(072,3757) NA
CNS & Behav
Tremorittenness nons
Bahavicur charge 3 6134 M3s — - 0.81(026,259) 0
Headacks norm
Cardio
Anythomia 1 023 oz NA Na
Hypertansion non
Corngestive haart fuitme nom
General
Genezal complaines nome
Hematology, qumbleeding  mome
Immune System
Inumenorpresnon nome
r T T T 1
oo 01 1 10 100
Favours irhsled Favours placeto

Figure 3 Forest plot of adverse events—inhaled versus placebo.
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No. of NoTotal
Outcome Studies Dexamethasone  Other
Gl
Gl bleedirg nom
Vormtung 3 120663 51210
Abdomural pai 3 29188 481259
Diarrhea nom
CNS & Behav
Tremorfitteriness 1 145 041
Behavicur charge 2 3580 38157
Headacke 2 02 495
General
General complamts 2 3102 3ms
Hemastology, gum bleeding  nome
Cardio
Anytlonia 1 0iss 054
Hypertawion 1 ons on?
Congestive heart fuibue non
EndoMetabMusc
Fhuid & ekictrolyte droms | 1733 215
Growth nom
Adrenal mppreson nom
Skin
Bam nome
Integument nom
Pllebitis 1 ons onz?
Inf & Resp
Severe infuctions noms
Systemic infuctions nore
LungMtrackes nom
URT nomm
Youe complaunts nom
Immune System
Inumenomppression none

Peto Odds ratio Peto Odds ratio

95% C1 %% Cl 12

g B 0.29(017,048) 0
[ -~ 0.56(057,161) 0
643(0.13,33621) ¥A

e 0.73(034, 1 56) 0
—-— 1.63 (046, 5.74) NA

B s e 050 (0.18,461) 1
NA Na

NA NA

018(001,217) NA

NA NA

[
0.01

Favours dexamethssons

{ 10 1t

Favours cther

Figure 4 Forest plot of adverse events —dexamethasone versus other.

CNS and behaviour effects

The number of studies for each meta-analysis ranged
from one to five (range 70-1159 children). The esti-
mated pORs for the systemic corticosteroid and placebo were
1.44 for tremor/jitteriness,38 5707783 1 95 for behaviour
change™ * % " and 0.11 for headache,™ with no statis-
tically significant differences. There were also no differ-
ences between inhaled corticosteroid and placebo for
behaviour change® * ' and dexamethasone and another
corticosteroid for behaviour change,” %7 headache® * or
tremor/ jitteriness,52 the latter with an estimated pOR of
6.63 from a small study (n=87) with only one reported
event.

Dermatologic conditions

The number of studies per meta-analysis ranged from
one to four (range 32-1079 children). There were no
statistically significant differences between: (1) systemic
corticosteroid and placebo for rash and hives,30 1267 Jlbeit
with an estimated pOR of 7.59 (4/536 vs 0/543; 95% CI
1.07 to 54.01) and (2) inhaled corticosteroid and placebo for
1rash,37 8 hives”” and burning sensation®® (estimated
pORs 0.88 and 0.14, respectively). No events of phle-
bitis were reported comparing dexamethasone to another
corticosteroid.””

Endocrine/metabolic and musculoskeletal systems
There were no statistically significant differences for elec-
trolyte abnormalities between systemic corticosteroid and

placebo (estimated pOR 3.08)% 1783192 and dexamethasone to
another corticosteroid (estimated pOR 0.18) o2

Pooled data for linear growth between inhaled corti-
costeroid and placebo included two studies (n=263)
using recurrent doses for acute wheeze with follow-up
at oneyear.® * The estimated change-from-baseline
height was small (MD 0.10cm; 95%CI -0.47 to 0.67;
°=9%). Five studies reported measurements of growth
(height and weight) ranging from one to threeyears of
follow-up, which could not be pooled due to heteroge-
neous interventions, comparators or outcome measure-
ments.? # %7 Three studies included data on inhaled
corticosteroid versus placebo. One RCT on asthma™
(n=20) comparing budesonide and placebo found no
signs of growth retardation by height measurements
at 12 months or after up to six treatments. An RCT of
episodic wheeze® (n=294) found height at threeyears
of age was unaffected in children receiving budesonide
or placebo. One RCT of inhaled fluticasone propionate
at very high doses (1500 pg per day during upper respi-
ratory infections) versus placebo in recurrent wheeze®
reported additional outcome data on height that was not
pooled in the meta-analysis mentioned above. There was
a smaller mean change in height z score in the cortico-
steroid group over oneyear (MD —0.24; 95% CI -0.40 to
-0.08; adjusted results) B Furthermore, mean weight was
significantly lower at one-year follow-up in the fluticasone
group (n=62) versus placebo (n=67); two children given

8
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fluticasone and one given placebo met criteria for ‘failure
to thrive’.*” Finally, two small trials did not report group
differences for other comparisons: total and mean height
growth (at 8-19 months) for intravenous dexameth-
asone versus inhaled budesonide in asthma (n=18)71;
weight and height gains at 2years for theophylline and
metaproterenol with or without systemic prednisone on
prevention of wheeze during upper respiratory infections
in asthma (n=32).%!

Five studies reported on adrenal function/suppres-
sion, with few children contributing data for this
outcome.??7 878 The RCT of high-dose inhaled flutica-
sone propionate versus placebo (99 children with data)*
found no significant differences between groups in basal
cortisol (baseline and 12 months). Another RCT in asthma
reported no differences in serum cortisol and urinary
cortisol/creatinine after 10 days of inhaled budesonide
or placebo (16 children with data). A subgroup who
received oral betamethasone (n=9) showed significant
changes from baseline after threedays, but no differ-
ences at 12-14 days.”™ Two studies included comparisons
between different corticosteroids. One RCT* in acute
asthma compared intravenous prednisolone (n=20)
with nebulised budesonide (n=30) and found significant
levels of suppressed serum cortisol in the prednisolone
group, although not considered pathologic by the study
authors. Although another RCT®” comparing intramus-
cular dexamethasone with oral prednisone for asthma
(n=32) found lower median urinary cortisol/creatinine
in the former group at day 14, there was no statistically
significant difference. An RCT”' comparing intrave-
nous dexamethasone (n=9) with inhaled budesonide
(n=9) found no significant differences between groups
from baseline for blood pressure and blood glucose
measurements.

Five studies reported on bone health biomarkers, three
of which compared inhaled corticosteroids and placebo;
no pooled analyses were performed.* ***®! %> One RCT
compared inhaled budesonide (n=294) with placebo in
episodic wheeze and found no effect on bone mineral
density over threeyears. The RCT comparing high-dose
inhaled fluticasone propionate with placebo (n=59 chil-
dren with data) in viral wheeze® reported no statistically
significant differences between groups in lumbar bone
mineral density, bone mineral content or bone age at 12
months. A small RCT”® comparing inhaled budesonide
with placebo (n=20) in asthma found transient decreased
levels of bone and collagen markers post-treatment and
in a subset of children who received oral betamethasone,
with no difference between groups. A study of patients
with acute respiratory illness’ compared hydrocortisone
(n=28), methylprednisone (n=21) and controls (n=51)
and found decreased levels of osteocalcin and alkaline
phosphatase in younger children 2days post-treatment;
these effects were reversed 12 days after treatment. A
non-randomised controlled trial of 36 asthma patients®'
compared intravenous methylprednisolone of three
different durations and found that all had decreasing

levels of serum osteocalcin that correlated with increasing
duration of treatment.

Cardiovascular system

No significant differences were found between systemic
corticosteroid and placebo in three bronchiolitis studies
reporting hypertension (estimated pOR 1).%*® Single
studies with up to 110 children did not report events for
arrhythmia® and congestive heart failure*’ (systemic or
inhaled corticosteroid vs placebo); and arrhythmia®” or hyper-
tension®’ (dexamethasone with another corticosteroid) .

General AEs/other symptoms

Meta-analyses included a total of two studies (range
197-869 children). There were no statistically signifi-
cant differences between: (1) systemic corticosteroid and
placebo for pallor™ ® and (2) dexamethasone and another
corticosteroid for dizziness™ or excessive urination.”” No
study comparing inhaled corticosteroid with placebo reported
general AEs.

Immune system and oncology

One study (95 participants)® compared systemic corticoste-
roid and placebo and found no occurrences of immunosup-
pression. No other study reported immune system-related
AEs.

DISCUSSION

This systematic review of studies in which short-course
corticosteroids were administered to children under
sixyears of age for acute respiratory conditions, included
85 studies involving more thanll000 patients. These
studies used a variety of delivery routes, doses, formu-
lations and duration of corticosteroids. Overall, the
evidence suggests that short-term corticosteroid use is
not associated with a significant increase in AEs across
organ systems. However, given the low quality of included
studies, the heterogeneous and poor reporting of AEs,
and the lack of precision of results, considerable uncer-
tainties remain regarding the safety of high-dose inhaled
or systemic corticosteroids for these indications in this
age range.

A common concern when using corticosteroids in
young children is effect on growth. Results from a single,
small trial (n=129) of recurrent high-dose inhaled flutica-
sone propionate in wheezing preschoolers were hetero-
geneous across outcome measures, but suggested a small
significant risk of growth suppression.45 Observational
data have also suggested that multiple corticosteroid
bursts can increase the risk of growth suppression, frac-
tures, bone mineral accretion and osteopenia in children
with underlying respiratory disease.’ 5 1% Conversely, a
pooled analysis using change-from-baseline linear growth
did not find significant differences, although the other
included study used a substantially lower equivalent dose
of inhaled corticosteroid.!'’ Further, results from indi-
vidual studies reporting transient differences in bone
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and adrenal biomarkers are of unclear clinical relevance,
particularly for previously healthy children and single use.
This calls for caution and monitoring of linear growth,
particularly when use of high-dose inhaled or systemic
corticosteroid is recurrent.

We found no other statistically significant differences
between systemic or inhaled corticosteroid and placebo,
or between dexamethasone and other systemic corti-
costeroid, including subgroup analyses by respiratory
condition or dose, for AEs across organ systems. Due to
small sample sizes and low number of events, these results
should be interpreted with caution. While we found
increased pORs when comparing systemic corticosteroids
for behavioural outcomes such as tremor/jitteriness and
behaviour change, there were wide Cls around estimates.
No study examined neurodevelopmental outcomes after
corticosteroid administration; ideally, studies should
assess children for potentially related long-term AEs using
validated instruments in this domain. Results from case
series and case reports added anecdotal evidence of rare
cases of hypersensitivity, infection or behavioural AEs,
which have been described."" ''* While the estimated
increased pOR for rash and hives was close to statistical
significance, no other differences were found in systemic
or severe infections as well as immunosuppression.

This review did not ascertain a clear safety advantage
between systemic or inhaled corticosteroids compared
with placebo. When comparing between different
systemic corticosteroids, evidence favoured oral dexa-
methasone over oral prednisone for vomiting (pOR 0.029;
95% CI 0.17 to 0.48; 1°=0%). Differences in palatability
and tolerability between corticosteroids are well known
to parents, healthcare providers and researchers, and
can influence adherence to medication in children.'”
Further, different specific formulations of corticosteroid
(eg, prednisolone tablets vs prednisolone syrup) have
been shown to influence taste and vomiting.” However,
cost and access to better tolerated formulations may be
problematic. Subgroup analyses also found no signifi-
cant differences between groups by respiratory condition
or dose (single vs multiple) for these outcomes. Due to
extensive variation in dosing within and across studies,
we were unable to analyse data or draw further conclu-
sions with respect to dosage or differences between
specific molecules. It should be noted that among the
eight RCTs™ #4651 65677189 ivectly comparing systemic
and inhaled routes of corticosteroid administration, none
contributed meaningful data for meta-analysis. The deci-
sion to initiate corticosteroid and the selection of drug,
dose and mode of administration must consider these
uncertainties on harms, as well as existing evidence on
comparative potency and clinical effectiveness. The risk—
benefit rationale is less established for repeated acute use
in younger children, such as in recurrent wheezing.'*

Strengths and limitations
We conducted a comprehensive systematic review of
the literature following rigorous methods, including

grey literature, to minimise potential for publication
and selection bias. We examined safety outcomes across
multiple acute respiratory conditions using ‘baskets’ of
outcomes in each organ system to increase our ability to
detect rare events and the precision of our estimates.'®
This approach is reflective of clinical practice where
corticosteroids are used across many respiratory diseases,
even if the evidence base is not entirely robust for chil-
dren. A recent systematic review also assessed the toxicity
of short-course oral corticosteroids in children across
clinical conditions.'”” However, there was scarce overlap
in respiratory conditions across included studies, and
authors mostly provided estimates of the incidence of
AEs within treatment groups rather than comparative
treatment effects. Studies in adults have also adopted
similar approaches to estimate incidence rates of AEs.
For example, findings from a recent retrospective cohort
in adults showed a significant increase in rates of sepsis,
venous thromboembolism and fracture.'®

This review was limited by the quality of the primary
literature, particularly regarding the definition, assess-
ment and reporting of AEs. This underscores the chal-
lenges researchers encounter when attempting to
synthesise safety data due to sparse and poor reporting,'"’
and highlights the urgent need to enhance detection and
reporting of AEs. For example, it is worthwhile noting that
26 studies reported ‘no AEs’ or ‘no significant AE” which
could not be included in pooled estimates; this may be a
reflection of these studies being under-powered to detect
statistically significant findings (especially for rare AEs)
and/or AEs that may or may not be considered of special
interest and/or clinically important. Such blanket state-
ments are problematic for interpretation, highlighting
the need for study authors to clearly report AEs of interest
pre-study and poststudy conduct. Common nomencla-
ture (eg, www.meddra.org) and standardised approaches
to collection of AE data should be implemented to help
draw comparisons across studies. Further, safety reporting
was not a primary focus of the studies, AEs were rarely
defined a priori, and methods for ascertaining AEs were
usually absent. While the McHarm scale is recommended
to be used in conjunction with other quality assessment
tools to evaluate the broader elements of study quality,
we used it exclusively to assess methodological quality
since the primary focus of this review was on AEs. The
AEs reported typically reflect what is detected by a health-
care provider; it is difficult to discern what is reported by
patients as well as what patients consider important. The
duration of surveillance of most studies was insufficient
to detect many of the long-term AEs potentially associ-
ated with corticosteroid use. Although the present study
suggests that single doses of systemic or inhaled corti-
costeroids may result in few AEs, recurrent courses may
lead to long-term risks, as cumulative dosing has been
shown to be a determinant of safety.'” Finally, there was
variation within and across studies with respect to main-
tenance corticosteroids, and concomitant and rescue
medications. Due to the variation in corticosteroids and
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extensive range of AEs reported (including when a single
study contributes to an outcome or in cases of zero events,
where meta-analysis was not feasible or meaningful)
among varied study designs of overall poor quality, we did
not attempt to rate the quality of the body of the evidence
using the Grading of Recommendations Assessment,
Development and Evaluation''® approach.

CONCLUSION

This is the most comprehensive systematic review to date
examining the safety of corticosteroids for managing
acute respiratory conditions among young children, an
age group of great clinical concern. While the existing
evidence suggests that short-term high-dose inhaled or
systemic corticosteroids is not associated with an increase
in AEs across organ systems, uncertainties remain due to
low quality of studies, poor reporting and lack of precision
of results. Importantly, these results can help guide future
research in the collection and reporting of AEs, partic-
ularly concerning measures of growth and behavioural
outcomes; this in turn is needed to help inform shared
decision-making between clinicians and parents/care-
givers of young children.
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