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Clinical implications: The results of these post hoc analyses suggest that OCS treatment might not reduce symptom severity during
acute LRTIs in preschool children with recurrent wheeze.
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Abstract
Background—Oral corticosteroids (OCSs) are recommended for severe wheezing episodes in
children. However, limited evidence supports this intervention in preschool children with
outpatient wheezing illnesses.

Objective—We sought to investigate whether OCSs reduce symptom scores during acute lower
respiratory tract illnesses (LRTIs) in preschool children with recurrent wheeze

Methods—We performed post hoc and replication analyses in 2 outpatient cohorts of children
aged 1 to 5 years with episodic wheezing participating in clinical trials. We compared symptom
scores during LRTIs that were or were not treated with OCSs, adjusting for differences in disease
and episode severity covariates.We stratified episodes by severity by using a propensity model.
The primary outcome was the area under the curve (AUC) of total symptom scores among the
more severe episodes.

Results—Two hundred fifteen participants from the Acute Intervention Management Strategies
trial experienced 798 acute LRTIs, 112 of which were defined as severe based on propensity
scores. The AUCs of total symptom scores did not differ between the episodes that were (n = 70)
and were not (n = 42) treated with OCSs (P = .46) nor was there an OCS treatment effect on
individual symptom scores. Similar analyses of the Maintenance Versus Intermittent Inhaled
Corticosteroids in Wheezing Toddlers trial, involving 278 participants with 133 severe LRTIs,
confirmed the above findings (P =.46 for AUC of total symptoms score comparison).

Conclusion—In 2 separate cohorts of preschool children with episodic wheezing, OCS
treatment during clinically significant LRTIs did not reduce symptom severity during acute
LRTIs, despite asthma controller medication use during most episodes. These findings need to be
confirmed in a prospective randomized controlled trial.

Keywords
Oral corticosteroids; episodic wheezing; preschool children

Preschool-aged children with recurrent episodes of wheezing experience significant
morbidity during acute episodes of lower respiratory tract illnesses (LRTIs) but have
minimal symptoms consistent with persistent asthma between these episodes.1 Although
most preschool children exhibit episodic disease, this age group experiences
disproportionately greater morbidity and health care use compared with school-aged
children.2 Daily therapy with inhaled corticosteroids (ICSs) to prevent LRTIs from
progressing to severe asthma exacerbations is recommended by asthma guidelines for
preschool children with persistent disease or for those preschool children who required 2 or
more courses of oral corticosteroids (OCSs) over 6 months.3 This approach reduces the
likelihood of exacerbations requiring OCSs by approximately 35% but does not prevent
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them entirely.4 Therefore defining the appropriate treatment for these significant LRTIs is
essential.

Asthma guidelines recommend treatment with OCSs3,5 for significant exacerbations poorly
responsive to bronchodilators. However, despite substantial evidence for the efficacy of
OCSs in asthma exacerbations in school-aged children and adolescents,6–9 evidence
supporting this intervention in nonhospitalized preschool-aged children is limited.10

Moreover, recent studies11,12 and editorials13,14 question the benefit of OCSs for wheezing
illnesses in this age group. Therefore studies of the effects of OCSs in acute LRTIs in young
children are needed given the recent concerns about the lack of efficacy of this treatment in
this age group and the potential side effects of OCS therapy.

The Childhood Asthma Research and Education Network evaluated different treatment
approaches in preschool-aged children with severe intermittent wheezing in the Acute
Management Intervention Strategies (AIMS) and Maintenance and Intermittent Inhaled
Corticosteroids in Wheezing Toddlers (MIST) clinical trials.15,16 We used these well-
defined cohorts to perform post hoc analyses investigating whether OCS treatment, when
administered to preschool children with severe intermittent wheezing during acute episodes
of severe LRTIs, reduces illness burden, as reflected by daily symptom scores during the
LRTIs.

METHODS
AIMS and MIST study designs, treatment, and participants

Detailed descriptions of the screening, recruitment, design, outcomes, and statistical analysis
for the AIMS and MIST trials have been reported in detail elsewhere.15,16 Briefly, the AIMS
trial15 was a multicenter, double-blind, randomized, placebo-controlled, double-dummy,
parallel-group comparison of 3 treatment regimens used episodically at the early signs of
respiratory tract illness (RTI) in children with recurrent episodes of moderate-to-severe
wheezing: budesonide inhalation suspension (1 mg twice daily), montelukast (4 mg daily),
or albuterol alone. Eligible children were 12 to 59 months of age and had experienced at
least 2 episodes of wheezing in the context of an RTI within the past year, one of which
must have been documented by a health care provider. In an effort to include children with
prior moderate-to-severe wheezing episodes, children were required to have experienced
either 2 urgent care visits for acute wheezing within the past year or 2 wheezing episodes for
which systemic corticosteroids were prescribed or 1 episode requiring urgent care and 1
episode requiring systemic corticosteroids.

The MIST trial16 was a multicenter, double-blind, randomized, placebocontrolled trial
comparing daily low-dose budesonide inhalation suspension (0.5 mgnightly) with
intermittent high-dose budesonide inhalation suspension (1 mg twice daily for 7 days)
starting at the early signs of an RTI. The MIST trial targeted children 12 to 53 months of age
with recurrent wheezing and mandated a history of at least 4 episodes of wheezing in the
past year (or ≥3 episodes if receiving a controller for ≥3 months) with at least 1 exacerbation
requiring the use of systemic corticosteroids, an urgent care visit, or hospital-ization.
Children with persistent asthma symptoms were not eligible to participate in either of these
studies. These trials differed in the prevalence of risk factors for future asthma measured by
using the modified Asthma Predictive Index (mAPI17): the AIMS trial included children
with both positive (60%) and negative (40%) mAPI results, whereas the MIST trial included
only children with positive mAPI results (100%).

In both studies prednisolone treatment was prescribed as a rescue treatment for significant
LRTIs after consultation with a physician (by telephone or in person) and was based on
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specific predefined protocol criteria (see Table E1 in this article’s Online Repository at
www.jacionline.org).15,16 The prednisolone regimen included a once-daily dose at 2 mg/kg/
d for 2 days, followed by 1 mg/ kg/d for an additional 2 days, as previously used in
randomized controlled trials (RCTs).4,15,16,18–21 Institutional review boards at all
participating centers approved these protocols, and parents provided written informed
consent; the trials were monitored by the Childhood Asthma Research and Education
Network’s Data and Safety Monitoring Board.

Measurement of symptom scores during acute RTIs
RTI, as used in the AIMS and MIST trials,15,16 is a clinical descriptor of the constellation of
parent-identified early upper and lower respiratory tract symptoms that precede and
accompany significant wheezing episodes. Both trials included parent-reported symptom
scores for cough, wheezing, trouble breathing, and interference with activity (each on a scale
of 0–5, with 0 indicating no symptoms and 5 indicating severe symptoms) determined by
using a validated questionnaire,15,16,22 and scores were recorded daily for 14 days from the
start of each illness. The total symptom score (on a scale of 0–20) was calculated as the sum
of all 4 individual scores.

General overview of the statistical analyses
Because of the post hoc nature of the analytic strategy, participants were not randomly
assigned to treatment with OCSs because the decisions to use OCSs made during the trials
were directed by the study protocols. This lack of randomization was associated with
differences in relevant baseline diseaserelated patients’ characteristics and episode baseline
severity between OCS-treated and untreated episodes, resulting in a potential indication bias,
which confounds the estimate of the effect of OCS treatment.23 To adjust for the differences
in baseline characteristics between OCS-treated and untreated episodes, we used propensity
score methodology. This approach creates a state of “semi-randomization” in observational
(ie, nonrandomized) studies or retrospective analyses and effectively adjusts the outcome for
the effects of baseline confounding.23–25 Our propensity model included multiple relevant
baseline covariates (patients’ characteristics and episode baseline severity) that might have
affected the decision to initiate OCS therapy, which might have biased the outcome toward
higher severity scores among the episodes treated with OCSs. The combination of these
covariates is reflected by the propensity score, which represents the probability that each
episode was treated with OCSs. Consequently, all outcome analyses were adjusted for this
propensity score.

In addition, the propensity model was used to identify the more severe episodes for outcome
comparisons. The propensity model (variables listed in Table I) was developed, and the
outcomes were initially measured in the AIMS cohort. Then we applied the same model,
without repeating the model development step, to the MIST cohort to confirm that the model
effectively accounted for differences in baseline covariates in a separate cohort. Therefore
all analyses in the MIST cohort were adjusted for the same covariates as in the AIMS
cohort.

Statistics: Propensity model
A repeated-measures logistic regression model was fitted to the daily indicator of
prednisolone use (0/1) to estimate the propensity score. For the episodes in which
prednisolone was administered, the model included days from the start of the LRTI until
prednisolone was used, whereas for the episodes in which prednisolone was not
administered, the model included days from the start of illness until day 2 (the median day
on which prednisolone was started for the episodes that were actually treated with
prednisolone). This “baseline” period used for model development was not included in area
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under the curve (AUC) calculations of outcome measurements. Numerous baseline and daily
symptom variables were evaluated in this model to determine the best-fitted final propensity
model (Table I). From the final propensity model, a propensity score was estimated for each
day, and a maximum propensity score was then calculated for each episode. This maximum
propensity score was log-transformed and used to adjust for the comparison of the episodes
that were or were not treated with prednisolone with respect to the baseline and episode-
specific baseline measurements. Comparison of baseline covariates between episodes that
were or were not treated with OCSs was performed to demonstrate the efficacy of the
propensity score adjustment for the comparison of nonrandomized groups in an
observational study.

The propensity model was also used to define strata to help further classify the episodes
based on the severity level. Therefore more and less severe episodes were defined based on
the propensity score assigned for each episode. The exact cut point for defining the more
severe episodes was identified by using sensitivity analyses, which evaluated the effect of
multiple cut-point values on the kappa statistic, median values of the propensity score in
each group, and sample size, and was determined to be a propensity score of 0.2.
Subsequently, comparison of the episodes that were or were not treated with prednisolone
was performed within each level of stratification (ie, the more and less severe episodes).

Statistics: Outcome measurements
We compared the AUCs of symptom scores during episodes of LRTIs that were treated with
OCSs with the AUCs of symptom scores during episodes that were not treated with OCSs.
The AUC was calculated until day 14 for each episode. The primary comparison was the
effect of OCS use on total symptom score AUCs among the episodes identified by the
propensity model as the more severe episodes.

The AUCs of the symptom scores were compared by using repeated-measures models,
which included severity group (more or less severe episodes), OCS use (yes/no), and the
severity by OCS interaction, with adjustment for the log-transformed maximum propensity
score, center, treatment group, and episode number. From these repeated-measures models,
least-squares means and SEs are reported for the comparison of those who received versus
those who did not receive OCSs stratified by episode severity. Post hoc power calculations
demonstrated 91% and 96% power to detect clinically relevant 35% and 40% reductions in
symptom score AUCs (as seen in the AIMS trial15), respectively, with our sample size of
112 severe episodes in the AIMS cohort.

RESULTS
Pre-enrollment disease activity and episode baseline severity in the AIMS cohort

The AIMS cohort consisted of 215 participants with 798 episodes of acute LRTIs. OCSs
were used in 152 (19%) episodes. Indicators of pre-enrollment disease activity and episode
baseline severity at the onset of the episode were significantly higher in episodes that were
treated with OCSs compared with those not treated with OCSs (Tables II and III, column 3),
indicating a potential for an indication bias.

Adjustment for indication bias and identification of severe LRTIs by using propensity
modeling

A propensity model to predict OCS treatment was used to adjust for potential indication
bias. The final predictors in this model are detailed in Table I. The propensity model created
a state of semi-randomization,23,25 as reflected by an effective adjustment of differences in
baseline covariates between the groups, with no residual significant differences in the
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baseline covariates between episodes treated or not treated with OCSs (Tables II and III,
column 4).

We then used the propensity score to identify the more severe episodes to compare the
primary outcome among episodes that are most severe and thus clinically relevant. One
hundred twelve episodes were determined by the model as more severe episodes based on
their propensity scores. The more severe episodes were significantly more likely to have
been treated with OCSs compared with the less severe episodes (P < .001, χ2 test; κ = 0.44;
95% CI, 0.36–0.52; see Table E2 in this article’s Online Repository at www.jacionline.org).
The median AUC of the total symptom score for the more severe episodes was 40 (Q1, 25.5;
Q3, 55.0), with a maximal average score of 12.0, whereas the median AUC of the total
symptom score for the less severe episodes was 13 (Q1, 5.5; Q2, 25.0), with a maximal
average score of 6.8.

Sensitivity analyses revealed that the propensity model effectively adjusted for baseline
differences between the episodes that were or were not treated with OCSs, even while
stratifying based on episode severity level (ie, separate analysis for the more and the less
severe episodes, see Tables E3 and E4 in this article’s Online Repository at
www.jacionline.org).

Effect of OCS treatment on episode severity in the AIMS cohort
We compared the AUCs of total symptom scores during episodes of LRTIs that were treated
with OCSs with those that were not treated with OCSs after adjustment for the maximum
propensity score for each episode and stratifying by episode severity level (Fig 1 and Table
IV). The AUCs of total symptom scores among the more severe episodes (defined as those
episodes with propensity scores >0.20) did not differ between episodes that were or were not
treated with OCSs (P =.46). OCS therapy was not associated with lower AUCs of any of the
individual symptom scores: cough, wheeze, shortness of breath, and interference with
activity. Among the less severe episodes (propensity score <0.20), total and individual
symptom score AUCs were significantly greater for episodes that were treated with OCSs
compared with those for episodes not treated with OCSs (Fig 1, Table IV, and see Fig E1 in
this article’s Online Repository at www.jacionline.org).

We then performed additional sensitivity analyses to investigate the OCS treatment effect
while using alternative propensity score cut points (0.18 and 0.22) to define more and less
severe episodes, and found that OCS treatment did not reduce symptom severity during
acute episodes (data not shown).

Confirmation of the propensity model and replication of the results in an independent
cohort (MIST cohort)

We validated the above findings using the MIST study cohort of 278 preschool children
with high risk for persistence of asthma symptoms as reflected by positive mAPI results.
This cohort experienced 746 acute illnesses, 161 (22%) of which were treated with OCSs.
Similar to the AIMS trial analyses, indicators of pre-enrollment disease activity and the
episode’s baseline severity score were significantly higher among episodes that were treated
with OCSs (see Table E5 and E6, column 3, in this article’s Online Repository at
www.jacionline.org). Adjustment of baseline covariates by using the propensity model
developed in the AIMS trial led to elimination of these differences (see Table E5 and E6,
column 4). One hundred thirty-three episodes were determined by the propensity model as
more severe episodes based on their propensity score (see Table E7 in this article’s Online
Repository at www.jacionline.org). Comparisons of AUC symptom scores during episodes
of LRTIs that were treated with OCSs with those that were not treated with OCSs, after
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adjustment for the maximum propensity score for each episode, and while stratifying by
episode severity level (Table V) provided qualitatively similar results to the results from the
AIMS cohort. Among the more severe episodes, the AUCs of total symptom scores did not
differ between episodes that were treated or were not treated with OCSs (P = .46), nor were
there differences in the individual symptom score AUCs (Fig 2, Table V, and see Fig E2 in
this article’s Online Repository at www.jacionline.org). Among the less severe episodes (ie,
those with propensity scores <0.20), total and individual symptom score AUCs were
significantly greater for episodes that were treated with OCSs compared with those of
episodes not treated with OCSs (Fig 2, Table V, and see Fig E3).

Effect of OCSs on the rate of resolution of respiratory symptoms
To assess the rate of resolution of respiratory symptoms in both cohorts, we calculated the
time from peak of symptoms until symptoms reached pre-episode baseline levels. The
baseline symptom level was defined as the mean of daily symptoms between days 14 and 7
before the beginning of the episode (ie, days−7 to −14). OCS treatment did not shorten the
time to return to baseline symptoms (see Fig E3 and Table E8 in this article’s Online
Repository at www.jacionline.org).

Response to OCS treatment based on atopic status of the child
Lack of response to OCSs was not modified by the presence or absence of atopic
characteristics of the children, including peripheral blood eosinophilia (>4%), IgE levels
(compared as median splits), positive skin test responses to aeroallergens, family history of
asthma, and personal history of eczema (see Table E9 in this article’s Online Repository at
www.jacionline.org).

DISCUSSION
The present post hoc analyses developed in the AIMS cohort15 and replicated in the MIST
cohort16 of preschool children with severe intermittent wheezing with more than 1500
LRTIs suggest that OCSs do not reduce symptom severity during acute outpatient episodes
of LRTI. These findings are strengthened by the quality of 2 well-characterized and
relatively homogenous cohorts in which data were recorded daily and prospectively by
parents and the use of well-defined protocol-driven criteria for the initiation of OCSs by a
study physician.15,16 Furthermore, subgroups of children who might have been more likely
to experience greater response to OCSs, such as those with asthma risk factors (positive
mAPI result, personal eczema, and/or family history of asthma) did not appear to have
greater benefit than those without such factors.

RCTs of the efficacy of OCSs in preschool children are few and report conflicting
findings.10–12,26,27 Limitations of these studies include inclusion of multiple wheezing
phenotypes,12,27 relatively small sample sizes and poor adherence to study medication and
protocol in the outpatient studies,11,27 and episodes of relatively mild severity in both
outpatient11,27 and inpatient12 studies. As such, we attempted to learn more about the role of
OCSs in the treatment of LRTIs poorly responsive to short-acting β-agonists. We stratified
our outcome measurements based on the severity of the episodes and chose the more severe
episodes for primary comparisons because these episodes are more clinically relevant. This
stratification also prevents a “dilution effect” by the less severe episodes since there is less
opportunity to discern a treatment effect in the less severe episodes given that the more
severe episodes accounted for only 13% of the total number of episodes. In contrast to the
lack of an effect of OCSs among the more severe episodes, symptom score AUCs among the
less severe episodes revealed statistically significant yet paradoxically greater values among
episodes that were treated with OCSs, even after adjustment for baseline severity. OCSs
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were prescribed by a study physician based on predefined criteria, most often over the
telephone, based on the parents’ descriptions of signs and symptoms during the episodes.
However, we cannot exclude that parents who perceived their child’s symptoms as more
severe provided clinical information in a way that prompted treatment with OCSs. We
speculate that the higher symptom scores among the less severe episodes during which
OCSs were used might be related to greater parental perception and reporting of symptom
severity to the study physician, which prompted OCS treatment for episodes that might have
been less severe than the parental description. In contrast, the more severe episodes consist
of a more homogeneous group of episodes with a comparable level of symptoms in which
parents’ perceptions might play less of a role in the decision to initiate OCS treatment.

Our findings are applicable only to the population that we investigated: preschool children
with severe intermittent asthma who wheeze during viral upper respiratory tract infections,
but are minimally symptomatic between these episodes. These findings are not applicable to
older children or to preschool children with characteristics of persistent asthma.3 In addition,
our findings apply to outpatient episodes and should not be extrapolated to episodes that
require urgent, emergency, or hospital-based care. Indeed, 2 previous studies performed in
the emergency department setting suggest some beneficial effects of OCSs in this age
group.10,26 It might be that OCSs are an effective treatment in episodes with higher severity
requiring emergency department visits; however, a recent, well-designed, randomized
control trial revealed that OCSs were not superior to placebo in decreasing the duration of
hospitalization in a heterogeneous group of preschool children hospitalized with
wheezing.12

Previous studies have also demonstrated lack of efficacy of OCSs for severe wheezing
exacerbations in preschool children.11,12 In contrast, studies in older children and adults
consistently demonstrate clear benefits for OCS treatment in the setting of acute asthma.6–9

It is possible to speculate that the lack of an OCS effect in our analyses might have resulted
from the study of a distinct preschool wheezing phenotype represented by intermittent
wheezing that is usually induced by viral upper respiratory tract infections separated by
symptom-free intervals1 rather than persistent asthma. Viral upper respiratory tract
infections might be associated with neutrophilic airway inflammation,28–30 a pattern of
inflammation that has been demonstrated to be less responsive to the therapeutic effects of
corticosteroids.31 It is possible that a subgroup of patients with the phenotype of severe
recurrent wheezing might have underlined eosinophilic airway inflammation either
chronically, as demonstrated by Saglani et al32 in a highly selected group of 16 preschool
children who experienced recurrent wheezing episodes unresponsive to ICSs, or acutely,
which might benefit from OCS treatment. However, our sensitivity analyses did not suggest
a differential response based on other features associated with allergic airway inflammation,
including peripheral blood eosinophilia, increased serum IgE levels, allergic sensitization, or
family history of atopy.

Although daily ICS treatment results in a significant reduction in the likelihood of
exacerbations requiring OCSs,4,33 this approach does not prevent all wheezing episodes.4

The apparent disconnect in the effects of ICS treatment, either chronically4 or acutely,34 on
episode prevention and our finding of an absence of the effect of OCSs on episode
resolution might be a result of diminished corticosteroid responsiveness of episodes, which
progress despite ICS administration, possibly because of corticosteroid-insensitive
neutrophil-dominant airway inflammation; thus such episodes might not improve with the
addition of systemic corticosteroids. The efficacy of OCSs might be dependent on the timing
of OCS administration, and although we cannot exclude the possibility that earlier treatment
with OCSs might have yielded a different (ie, a beneficial) effect, the lack of effect of
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parent-initiated OCS treatment at the first sign of an upper respiratory tract infection11 does
not support this possibility.

A limitation of our study is that the original clinical trials were not designed to investigate
the effect of OCS treatment. Overall, RCTs are the gold standard for interventional studies
because the random treatment allocation minimizes the likelihood that treatment status will
be confounded by baseline characteristics. In contrast, treatment “allocation” in
retrospective analysis could be influenced by a variety of factors, including patients’
characteristics. This was indeed the case in our post hoc analyses: episodes that were treated
with OCSs were associated with, on average, greater disease activity before enrollment,
along with more severe respiratory symptoms at the beginning of the episode, compared
with episodes that were not treated with OCSs. We used the well-established propensity
model methodology23–25 to achieve a state of semi-randomization for OCS treatment in an
effort to overcome this indication bias. This methodology is robust and widely implemented
in nonrandomized studies.35 As recommended by the biostatistics literature,23,25 we verified
that the model actually created a state of semi-randomization, as reflected by an effective
adjustment of differences in baseline covariates between episodes that were or were not
treated with OCSs. Moreover, the model was confirmed and the results were replicated in a
second independent cohort. To adjust for a potential effect of study treatments on these
analyses, all outcome measurements were adjusted for study treatment as part of the
propensity model. Although our analyses have included adjustment for numerous disease-
and episode-related factors, we cannot exclude the presence of unknown and unadjusted
residual biases based on the post hoc nature of this study, nor can we definitely exclude the
possibility that although OCSs did not lead to improvement in symptom scores, the initiation
of an OCS might have stabilized episodes and prevented them from getting worse. Finally,
the OCS regimen used in these 2 trials consisted of 4 days of OCSs.4,15,16,19–21 It is possible
that longer courses (≥5 days) or higher doses of OCSs or earlier timing of initiation of
treatment would have performed differently.

Overall, these findings suggest that the addition of OCSs during outpatient care of clinically
significant RTIs in preschool children with severe intermittent wheezing, despite use of an
asthma controller medication during most episodes, does not reduce episode severity, as
measured by symptom scores. Although the immediate effect of these findings on clinical
care and asthma guidelines for the treatment of acute LRTIs in preschool-aged children is
tempered by the limitations inherent in post hoc analyses, these findings should serve as a
strong impetus to conduct rigorous prospective RCTs to definitively establish the role of
OCSs in reducing illness burden in preschool children with frequent wheeze.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

AIMS Acute Management Intervention Strategies

AUC Area under the curve

ICS Inhaled corticosteroid

LRTI Lower respiratory tract illnesses

mAPI Modified Asthma Predictive Index

MIST Maintenance and Intermittent Inhaled Corticosteroids in Wheezing Toddlers

OCS Oral corticosteroid

RCT Randomized controlled trial

RTI Respiratory tract illness
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FIG 1.
Comparison of total symptom scores in the AIMS cohort between episodes that were or
were not treated with OCSs (corresponding to the comparison detailed in Table IV, without
adjustment for propensity score). Figures of the secondary outcomes are available in this
article’s Online Repository. Data are stratified based on episodes that met and did not meet
severity criteria.
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FIG 2.
Comparison of total symptoms scores in the MIST cohort between episodes that were or
were not treated with OCSs (corresponding to the comparison detailed in Table V, without
adjustment to maximal propensity). Figures of the secondary outcomes are available in this
article’s Online Repository. Data are stratified based on episodes that met and did not meet
severity criteria.
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TABLE I

Variables that comprise the propensity model to predict the probability of OCS treatment based on baseline
covariates (AIMS cohort)

Covariate P value

Episode no. .05

Race (nonwhite) <.01

Age .06

Treatment with OCSs in past year .27

ED visit for wheezing in past year <.01

Physician’s office visit for wheezing in past year <.01

Positive skin test to aeroallergen <.01

Wheezing score >2 .26

Albuterol use >5 times over the past day .43

Trouble breathing score >3 <.01

Interference with activity score >1 <.01

Daytime cough score >6 <.01

Total symptoms score >9 .11

Drug arm .62

Center no. .25

Interaction terms

  Wheezing score >2 × albuterol use >5 .02

  Wheezing score >2 × trouble breathing score >3 .33

  Wheezing score >2 × interference with activity score >1 .36

  Albuterol use >5 × trouble breathing score >3 .59

The following baseline covariates from the AIMS trial were evaluated and were not included in the model because they did not reach statistical
significance and did not increase the overall predictive power of the model: Asthma Predictive Index score, ethnicity, sex, baseline exacerbations,
blood eosinophilia, and maternal asthma. ED, Emergency department.
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TABLE II

Pre-enrollment disease activity (AIMS cohort) among episodes that were or were not treated with OCSs

Covariate

Episodes that
were

not treated with
OCSs

(n = 646)

Episodes that
were

treated with
OCSs

(n = 152)

Wald statistic
before

propensity
adjustment
(Pvalue)*

Wald statistic after
propensity

adjustmenty†

(Pvalue)*

Demographics and AIMS study covariates

  Age (mo) 30 (0.84) 29 (0.84) 4.3 (.04)* 0.2 (.65)

  Male sex (%) 63 57 0.4 (.55) 0.7 (.40)

  Race (O/AA/W [%]) 10/7/83 3/16/81 18.8 (<.001)* 0.5 (.79)

  Ethnicity (Hispanic [%]) 17 16 4.4 (.04)* 0.8 (.37)

  Drug arm (LTRA, ICS, albuterol [%]) 36/44/19 45/35/20 3.3 (.19) 0.5 (.79)

Asthma history (past 12 mo before
randomization)

  No. of physician’s office visits for wheezing 4.04 (0.23) 4.68 (0.57) 0.9 (.34) 0.01 (.92)

  No. of ED visits for wheezing 1.01 (0.16) 0.96 (0.34) 0.01 (.91) 0.2 (.63)

  ≥4 Wheezing exacerbations (%) 70 77 7.2 (.01)* 0.1 (.76)

  Receive ≥1 course of OCS (%) 60 74 7.6 (.01)* 0.3 (.61)

Atopic characteristics (on randomization)

  Positive skin test response to aeroallergen (%) 46 57 3.8 (.05) 1.9 (.17)

  Positive API response (%) 61 72 8.5 (.01)* 0.2 (.70)

Data are presented before and after adjustment by the propensity model and expressed as means (SEs), except as noted. Repeated-measures models
were used to adjust for multiple events within subjects. Propensity score adjustment was performed based on the natural log transformation (to
improve normality) of the maximal score in each episode.

AA, African American; API, Asthma Predictive Index; ED, emergency department; LTRA, leukotriene receptor antagonist; O, other; W, white.

*
P < .05.

†
Statistics after propensity model adjustment were included to demonstrate effective adjustment of baseline covariate differences between the

groups by using the propensity score.
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TABLE III

Initial severity scores (AIMS cohort) among episodes that were or were not treated with OCSs

Covariate

Episodes that were
not treated with OCSs

(n = 646)

Episodes that were
treated with OCSs

(n = 152)

Wald statistic before
propensity adjustment

(Pvalue)*

Wald statistic after
propensity

adjustment†

(Pvalue)*

Total symptom score 5.1 (0.19) 8.1 (0.36) 77.0 (<.001)* 0.8 (.37)

Trouble breathing score 1.0 (0.06) 1.8 (0.11) 58.9 (<.001)* 0.9 (.35)

Interfere with activity score 1.1 (0.06) 2.0 (0.11) 66.0 (<.001)* 0.1 (.74)

Daytime cough score 2.1 (0.06) 2.8 (0.09) 58.6 (<.001)* 0.8 (.37)

Wheezing score 1.0 (0.05) 1.6 (0.10) 39.0 (<.001)* 0.1 (.70)

No. of albuterol treatments (past 24 h) 3.2 (0.09) 4.1 (0.20) 20.6 (<.001)* 0.0 (.99)

Data are presented before and after adjustment by the propensity model and represented as means (SEs) of symptom scores from day 1 of the
episode (start of acute illness kit) until OCSs were started (for those who received prednisone) and from day 1 through day 2 of the episode for
those who did not receive OCSs (day 2 was the median for the day OCSs were started in the group who actually received OCSs). Symptom scores
are on a scale of 0 to 5, except for the total symptom score, which is on a scale of 0 to 20. Repeated-measures models were used to adjust for
multiple events within subjects. Propensity score adjustment was performed based on the natural log transformation (to improve normality) of the
maximal score in each episode.

*
P < .05.

†
Statistics after propensity model adjustment were included to demonstrate effective adjustment of baseline covariate differences between the

groups by using the propensity score.
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