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Abstract

Background—Although clinical features of Type 2 inflammation have been associated with
poorer longitudinal outcomes in preschool children with recurrent wheezing, it remains difficult to
predict which children are at highest risk for poor outcomes during a routine clinical encounter.

Objective—We tested the hypothesis that pre-specified cut points of blood eosinophil counts
would predict exacerbation and treatment response outcomes in preschool children with recurrent
wheezing and that prediction could be improved with the addition of a second biomarker.

Methods—Data from three clinical trials of 1,074 preschool children aged 12—-71 months with
recurrent wheezing were merged. The primary outcome was the occurrence of any exacerbation
during follow-up. Secondary outcomes included the annualized rate of wheezing exacerbations
and the occurrence of any exacerbation requiring hospitalization. Exploratory analyses focused on
exacerbation outcomes, offline exhaled nitric oxide concentrations and caregiver reported asthma
control scores after inhaled corticosteroid treatment initiation.

Results—Each blood eosinophil cut-point was associated with increased odds of exacerbation,
higher exacerbation rate and greater hospitalization occurrence in preschool children with
recurrent wheezing. However, outcome detection was improved with in children with more
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elevated blood eosinophil counts. Addition of a second biomarker of Type 2 inflammation
improved outcome detection and was further associated with an improved response to initiation of
daily inhaled corticosteroids in exploratory analyses. However, the specificity of blood eosinophils

was poor.

Conclusion—Although validation studies are warranted, blood eosinophil cut points may be
useful for clinical assessment and future studies of exacerbation and treatment response in
preschool children with recurrent wheezing.
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Asthma in children; Asthma exacerbation; Blood eosinophils; Wheeze; Preschool child;
Phenotype; Sensitization; Treatment response; Type 2 inflammation

Introduction

Preschool children with recurrent wheezing have frequent and troublesome respiratory
symptoms, but unlike older children with asthma, can be very difficult to treat.! Although

it is clearly recognized that preschool children with recurrent wheezing are a heterogeneous
group with differing underlying pathologies and disease trajectories,?=6 it remains difficult
to predict which of these children are at highest risk for poor future clinical outcomes
during a routine clinical encounter.”- & This is a critical practice gap since preschool
children frequently have significant healthcare utilization needs for acute wheezing
exacerbations.?: 10

Type 2 inflammation is driven by secretion of the T helper 2 cytokines interleukin (I1L)-4,
IL-5, and IL-13 and is associated with airway mucus production, bronchoconstriction, IgE
synthesis and eosinophilia.11 In preschool children, several studies have shown that clinical
features of Type 2 inflammation are associated with poorer longitudinal outcomes such

as greater exacerbation likelihood and wheezing persistence.12 However, the concept of
Type 2 inflammation has been poorly defined in young children for clinical application.
Indeed, of the three externally validated tools for prediction of subsequent outcomes (i.e.,
persistent asthma) in preschool children, the direct indicators of Type 2 inflammation vary
significantly, from eczemal3-15 to =4% blood eosinophils.1®> Other analyses have also
focused on allergen sensitization and absolute blood eosinophil counts as predictors of
outcomes, with little agreement among studies.16: 17

Although there is no current gold standard for measurement of Type 2 inflammation

in clinical settings, blood eosinophils have emerged as a biomarker of choice, given

that they are relatively simple and inexpensive to collect. In school-age children,

elevated blood eosinophils (whether intermittent or persistent), signify an increased risk

of future exacerbation8: 19 and are routinely used to guide biologic therapy for Type

2 inflammation.2% 21 We therefore sought to define the optimal cut point of blood
eosinophils for prediction of clinical outcomes in preschool children with recurrent
wheezing. Recognizing that wheezing exacerbations have a significant functional impact on
affected families22 and are a primary driver of wheezing costs,23 24 wheezing exacerbation
was selected as the primary outcome of interest for our analyses. Leveraging a multicenter
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longitudinal cohort of preschool children, we tested the hypothesis that pre-specified cut
points of blood eosinophil counts would predict exacerbation occurrence, and that prediction
of exacerbation could be improved with the addition of a second biomarker. We also
explored whether blood eosinophil cut points could be useful for discriminating inhaled
corticosteroid treatment response.

Baseline and intervention period data were merged from three Phase 3 multi-center clinical
trials involving preschool participants ages 12—71 months with recurrent wheezing housed
in the National Heart, Lung and Blood Institute’s Biologic Specimen and Data Repository
Information Coordinating Center. Details of the included studies (i.e., Acute Intermittent
Management Strategies (AIMS, NCT00319488),25 Maintenance and Intermittent Inhaled
Corticosteroids in Wheezing Toddlers (MIST, NCT00675584),26 and Azithromycin for
Preventing the Development of Upper Respiratory Tract Ilinesses into Lower Respiratory
Tract Symptoms (APRIL, NCT01272635)27 were published previously and are listed

in Table E1. Exclusion criteria for each of the studies included premature birth, other
significant respiratory conditions, gastroesophageal reflux, recent antibiotic or systemic
corticosteroid use within the previous 2-4 weeks, or a life-threatening wheezing episode.
Written informed consent was obtained from all caregivers.

Participant characterization.

Each clinical center utilized the same manual of procedures for participant characterization.
At the baseline visit of each trial, caregivers completed questionnaires to elicit data on
demographics, family history, child allergy and respiratory symptoms, and treatment of
symptoms including medications and healthcare utilization. Days with asthma symptoms
were obtained during the run-in period from caregiver-completed diaries and were defined
as full calendar days with any daytime or nighttime respiratory symptoms (cough, wheeze,
difficulty breathing), any albuterol use, or any unscheduled healthcare visits for respiratory
symptoms. Compliance with the diaries was used to estimate adherence and willingness to
participate in the study; participants with unacceptable adherence (<75-80%) were ineligible
for randomization.

Venipuncture was performed immediately after the run-in period prior to treatment
randomization. Blood eosinophils were quantified from whole blood by means of an
automated assay at each clinical site. Total serum IgE was quantified centrally (St.

Louis Children’s Hospital, St. Louis, Mo; Advanced Diagnostic Laboratories, National
Jewish Health, Denver, CO). In two studies (AIMS and MIST trials), skin testing to 8
common aeroallergens (house dust mite mixture [ Dermatophagoides pteronyssinus and
Dermatophagoides farina€], cockroach [American and German], dog [mixed breeds], cat
[standardized], mold [mix no.1], grass [standardized Southern mix]. Tree [eastern 8 tree
mix], and weed [national mix] and 3 foods [cow’s milk, chicken and whole egg, and peanut;
Greer Laboratories, Lenoir, NC) was also performed prior to randomization using the Multi-
test 11 (Lincoln Diagnostics, Decatur, IL) prick technique. Tests were considered positive if
the prick resulted in a wheal with a mean diameter (mean of maximum and 90° midpoint
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diameters) that was at least 3 mm greater than that produced by the saline control.28 29 |n
the APRIL study, specific IgE levels (ImmunoCAP; APRIL study) were performed for a
nationally representative panel of 10 aeroallergens (cat dander [ImmunoCAP test code E1],
dog dander [E5], mold mix [Mx1], German cockroach [i6], grass mix [gx2], tree mix [Tx4,
Tx6], (9) weed mix [Wx1], giant ragweed [W3], Dermatophagoides pteronyssinus [D2],
Dermatophagoides farinae [D2]) and 3 foods (milk [f2], egg, [f1], peanut [f13]) at a central
laboratory (Advanced Diagnostic Laboratories, National Jewish Health, Denver, CO). Tests
with levels >0.34 1U/mL were considered positive.

In the MIST study, caregivers also completed a modified version of the Asthma Control
Questionnaire3C after randomization, which included equally-weighted questions about
symptoms and short-acting bronchodilator use. Questions were summed and then averaged
to obtain a total asthma control score. Exhaled nitric oxide concentrations were also
quantified utilizing offline methods at baseline and after randomization as described
previously.26

Standardization and supervision of asthma care.

Outcomes.

At enrollment, all caregivers received a written action plan that detailed instructions for
administration of albuterol sulfate (90 mcg/actuation) when a pre-specified threshold of
symptoms was met. Albuterol sulfate and a valved holding chamber were provided by

each study and were dispensed at the first visit, then as needed at each subsequent study
visit. Additionally, caregivers received a home supply of oral prednisolone in the event of
an asthma exacerbation that was also dispensed at the first study visit. Children whose
symptoms did not resolve or who required albuterol treatments for more than 24 hours were
first instructed by action plan to call the study medical staff, who were available by phone
24 hours a day, and then to initiate a 4-day burst of prednisolone (2 mg/kg/day for 2 days
followed by 1 mg/kg/day for 2 days). The action plan was reviewed and reinforced with
caregivers at each study visit. Physician discretion for prednisolone administration outside
of the action plan parameters was also permitted provided that a specific reason for the
initiation was documented. Two courses of systemic corticosteroids had to be separated by at
least one week to count as two exacerbations.

The primary outcome was the occurrence of an exacerbation during the follow-up period.
The definition of exacerbation was consistent with that proposed by a National Institutes of
Health Working Group3! and was defined as respiratory symptoms resulting in treatment
with systemic corticosteroids (prednisolone). Secondary outcomes included the annualized
rate of wheezing exacerbations during the study intervention period and the occurrence

of any exacerbation requiring hospitalization. Exploratory analyses focused on inhaled
corticosteroid treatment responses and were conducted in MIST study participants treated
with daily inhaled corticosteroid versus daily placebo. Exploratory outcomes were any
exacerbation occurrence, annualized exacerbation rate, change in offline exhaled nitric oxide
concentrations after daily inhaled corticosteroid treatment initiation, and caregiver reported
asthma control scores after treatment initiation.
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Outcome analyses.

Results

Analyses were performed with IBM SPSS software, version 28. Group differences were
analyzed with Chi-Square tests and analysis of variance. Variable associations were assessed
with Pearson and Spearman correlation. Multivariate logistic regression was performed to
obtain odds ratios for outcomes of interest. Predictors included blood eosinophils (=150,
=200, =250, =300, =350 cells/microliter) and sensitization patterns. Generalized linear
models were used for the outcome of annualized exacerbation rate. Models were adjusted for
daily inhaled corticosteroid treatment, intermittent inhaled corticosteroid treatment sex, age
group (<3 years versus =3 years), and tobacco smoke exposure. Receiver operating curves
were generated to assess sensitivity and specificity of selected cut points. For exploratory
analyses, offline exhaled nitric oxide concentrations after randomization (averaged for

each participant) were subtracted from the averaged concentrations before randomization.
Caregiver reported asthma control scores were obtained by averaging the score for each
response. Asthma control scores at each available time point were then averaged for each
participant. Analyses utilized a 0.05 significance level without adjustment for multiple
comparisons.

The sample for analysis consisted of 1,074 preschool children with recurrent wheezing who
had complete blood eosinophil, sensitization, and outcome data for analysis. Features of the
sample are shown Table 1. Blood eosinophil counts (mean + standard deviation) were 341.1
+ 286.9, with a median of 240.1 and range of 50.4 to 1836 cells/microliter (Figure E1A).
Blood eosinophil counts were strongly correlated with blood eosinophil percentages (Figure
E1B). For each of the prespecified blood eosinophil count cut points, blood eosinophil
percentages were as follows (median [251-75t percentile]): 2150 eosinophils, 4% [3-7%];
=200 eosinophils, 5% [3.1-7.3%]; =250 eosinophils, 5.7% [4-8%]; =300 eosinophils, 6%
[4.5-8.3%]; =350 eosinophils/microliter, 7% [5-9%]. Blood eosinophil counts were also
slightly higher in males versus females (360.6 + 305.6 [median=258.0] vs. 307.1 + 248.3
[median=225.0], p=0.003) and children =3 years versus children <3 years (368.0 + 306.2
[median=266.7] vs. 309.3 £ 259.3 [median=224.0], p<0.001). Blood eosinophil counts did
not differ by Hispanic ethnicity, race, or receipt of inhaled corticosteroids or leukotriene
receptor antagonists at any time during the previous year (Figure E2). Blood eosinophil
counts were weakly associated with the average days per week with asthma symptoms

in the study run-in periods immediately prior to blood collection (Figure 1A) and the
number of oral corticosteroid bursts in the previous year (no burst vs. any burst: 325.6

+ 296.6 [median=223.0] vs. 349.9 £ 281.2 [median=267.5], p=0.335) (Figure 1B). Blood
eosinophil counts were also higher in children with wheezing-related hospitalizations in
the previous year (no hospitalization [n=929], 332.4 + 281.0 [median=234.0] vs. one
hospitalization [n=126], 388.4 + 281.2 [median=293.0] vs. two hospitalizations [n=19],
450.9 £ 321.9 [median=365.7], p=0.012). As expected, blood eosinophil counts were also
higher in children with a history of eczema (378.6 + 309.7 [median=274.2] vs. 306.8 +
260.1 [median=224.4], p<0.001), children with aeroallergen sensitization (456.0 + 328.8
[median=370.0] vs. 246.7 + 204.0 [median=190.6], p<0.001), and children with food
sensitization (459.3 + 339.7 [median=369.6] vs. 275.0 £ 227.7 [median=205.0], p<0.001).
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Associations between blood eosinophil counts and total serum IgE, the percentage of
positive aeroallergens (of 8), and the percentage of total positive allergens (of 11 total
aeroallergens and foods) were also significant and are shown in Figure E3A-C.

Outcome occurrence.

The primary outcome of interest, occurrence of an asthma exacerbation with receipt of
systemic corticosteroids before study completion, occurred in 370 (34.5%) children, with
an overall annualized exacerbation rate of 0.51 + 0.87 exacerbations per child (range=0-
6 exacerbations). In children with an exacerbation, the average annualized exacerbation
rate was 1.45 + 0.87 exacerbations per child (median=1). Hospitalizations occurred in 43
(11.6%) children with an exacerbation.

Prediction of exacerbation outcomes.

Crude and adjusted associations between exacerbation occurrence and blood eosinophil
count cut points and sensitization variables, as single predictor variables, are shown in Table
2. Higher blood eosinophil cut points were associated with higher odds of exacerbation,
with some loss of sensitivity. Further analyses therefore focused on whether detection of
exacerbation outcomes could be improved with a second variable. For these analyses, blood
eosinophil and sensitization predictor variables were modeled as interaction terms. The
results are provided in Table 3. The addition of a second sensitization-related prediction
variable resulted in fewer children with the exacerbation outcome of interest, but improved
exacerbation detection by up to ~29% for aeroallergen sensitization variables and up to
~32% for food sensitization variables (Table 3). Results were similar after further adjustment
for an exacerbation treated with oral corticosteroids in the previous year (Table E2).
Receiver operator characteristic curves of blood eosinophil cut points plus sensitization
variables for the detection of exacerbation occurrence demonstrated improved sensitivity
with the additional predictor variables, but specificity was quite low (Table E3). This low
specificity resulted in low area under the receiver operator curves, as shown in Figure E4,
suggesting that several exacerbations were not adequately detected.

Annualized exacerbation rates and hospitalization occurrence are shown in Figure 2. Each
of the blood eosinophil cut points was associated with a significantly higher annualized
exacerbation rate when used as a single predictor variable. However, exacerbation detection
was improved with the addition of a second aeroallergen sensitization variable (Figure

3A). Similarly, hospitalization occurrence for the exacerbation was also greater in children
with the each of the pre-specified blood eosinophil cut points plus additional aeroallergen
sensitization variables (Figure 3B). Annualized exacerbation rates and hospitalization
occurrence, with addition of food sensitization variables, are shown in Figure E5 and
followed similar trends.

Exploratory outcomes.

We also explored whether the blood eosinophil cut points of could discriminate inhaled
corticosteroid treatment response in the MIST study. Two hundred fifty-one children were
included in this analysis (intermittent inhaled corticosteroid, n=127; daily maintenance
inhaled corticosteroid, n=124). Given the small sample size, any aeroallergen sensitization,
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which had higher sensitivity than any food or aeroallergen sensitization in the previous
analyses, was selected as the second predictor variable.

Exacerbations occurred in 112 children (n=44.6%). There were no differences in
exacerbation occurrence by treatment group using the blood eosinophil cut point alone
(Figure 3A), but in children with any aeroallergen sensitization, exacerbation occurrence
was decreased with maintenance inhaled corticosteroid in children with blood eosinophil
counts =250 cells/microliter or greater (Figure 3B). In the subset of children who had offline
exhaled nitric oxide concentrations measured, nitric oxide concentrations were reduced in
children with each of the blood eosinophil cut points after initiation of daily maintenance
inhaled corticosteroid therapy (Figure 4A) and were further reduced in children with
aeroallergen sensitization (Figure 4B). Reductions in offline exhaled nitric oxide correlated
with caregiver reported asthma control scores in children treated with daily maintenance but
not intermittent inhaled corticosteroid (Table E4).

Discussion

In this multicenter cohort of preschool children with recurrent wheezing, elevated blood
eosinophils were associated with higher odds of exacerbation over 12—-18 months of follow-
up. Addition of second biomarkers of Type 2 inflammation (i.e., sensitization), improved
exacerbation outcome detection and discriminated responses to the initiation of daily
maintenance inhaled corticosteroid treatment in exploratory analyses. These results suggest
that pre-specified blood eosinophil cut points may be useful for clinical assessment and
future studies of exacerbation and treatment response in preschool children with recurrent
wheezing. However, the specificity of blood eosinophils as a biomarker is quite poor given
that exacerbations also occur in preschool children with non-Type 2 inflammation.2

Nonetheless, our findings do have plausibility. Other phenotypic analyses of independent
populations of preschool children have similarly shown more frequent wheezing,

greater airflow obstruction and greater respiratory morbidity including more frequent
hospitalizations in children with allergic sensitization and elevated blood eosinophil
counts.3 % 32 Although airway samples would have been ideal for a more comprehensive
assessment of Type 2 inflammation in the present study, other studies have shown
discordance between systemic and airway Type 2 inflammation in this population. Indeed,
bronchoalveolar lavage eosinophils do not necessarily correlate well with peripheral
eosinophils in preschool children33 and tend to be low (i.e., <1% of the total cell count)

in this age group.34-37 Similar studies of airway tissue have likewise shown a sparsity

of airway eosinophils in preschool children,38 with no significant differences between
nonatopic and atopic children when analyzed as groups.3% 49 However, those individual
preschool children with airway eosinophilia tend to have more refractory asthma features
including a greater likelihood of treatment with high-dose inhaled corticosteroids.! These
children may also have an altered predisposition to airway rhinovirus infection,33: 41
which may further exaggerate Type 2 immune pathways.*2 Thus, there is likely a
developmental progression of airway eosinophilia in children, since preschool children with
recurrent wheezing do have increased airway smooth muscle area which is associated with
development of atopic asthma by school age.*3
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Admittedly, there is no gold standard cut point for blood eosinophils in children. Moreover,
the optimal cut point may differ as a function of age.1® Whereas the Individualized Therapy
for Asthma in Toddlers study utilized a cut point of =300 blood eosinophils for prediction

of exacerbation and differential treatment response, that study was limited to children with
persistent asthma necessitating daily treatment,” as opposed to children with recurrent
wheezing who were evaluated in the present study. Moreover, the sample sizes for prediction
of differential treatment response in that study were quite small.1” A separate large study

of preschool children with recurrent wheezing found that a blood eosinophil cut point of
322 cells/microliter corresponded to the third quartile threshold of the population studied.32
Another report of blood eosinophil counts stratified by age group likewise found that a blood
eosinophil cut point of >300 cells corresponded to just below the 75™ percentile in children
with asthma age 13-48 months.#4 Other cut points of blood eosinophils evaluated in the
present study may provide greater sensitivity and may be more useful in population-based
studies or in studies of biologics therapies. For example, in one study of older children,

a blood eosinophil cut point of 2150 cells/microliter was associated with increased odds

of subsequent exacerbation and a shorter time to first acute visit for asthma in children

5 to 11 years.1® A separate study also showed that children age 6 to 11 years with

>150 blood eosinophils had a significant reduction in severe asthma exacerbations, greater
improvement in lung function, and greater improvement in asthma control after treatment
with dupilumab.20

Strengths of the present study include the large sample of well characterized children,

the multicenter design, and standardization of data collection procedures and wheezing
management. Nonetheless, this study does have limitations. First, it is recognized that blood
eosinophilia and Type 2 high phenotypes are unlikely static phenomena.18 Unfortunately,
blood samples were not collected at subsequent visits which prohibits assessment of
biomarker and phenotype stability. However, a recent analysis of Type 2 inflammation in
preschool children based on blood eosinophils and atopy found that 73% of preschool
children assigned to the Type 2 “high” phenotype retained that phenotype designation after
one year of follow-up.%®> These children were also more likely to develop asthma at the age
of 6 years.*> A separate study in adults also showed that multiple measurement of blood
eosinophils only marginally increased sensitivity, with a single measurement of =150 blood
eosinophils predicting subsequent measurements of =150 blood eosinophils in 85% of the
population.46

Second, it is also possible that the observed associations between blood eosinophils and
exacerbation and treatment response outcomes in the present study are due to unmeasured
sources of confounding, despite adjustment of our models. Indeed, each of the included
studies utilized different treatment approaches. These timescale over which these studies
were undertaken is also potentially significant since the standard of care has changed
over the past 20 years. Home visits were not performed in the included studies, so the
conditions of the home that contributed to sensitization and blood eosinophilia are not
adequately addressed. Likewise, environmental factors such as air pollution, which have
been associated with airway eosinophil infiltration in young children with wheezing,*’
were also not addressed. Airway physiology measures and genetic analyses were also not
performed.
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Third, although the present study involved a multicenter design, the results may not
necessarily be generalizable to the broader population of preschool children with recurrent
wheezing. Most participants were recruited at specialty clinics within academic medical
centers and may therefore not be entirely representative of the preschool wheezing
population encountered in primary care. Indeed, the patients included in the analysis had
adequate access to medical care (evidenced by continued participation in the parent studies)
and were also adherent to the prescribed therapies. In contrast, a recent study found that
inhaled corticosteroid treatment determined by blood eosinophils did not impact urgent
healthcare visits at 4 months,*8 but adherence to inhaled corticosteroids in that study was
also quite poor and consistent with other real-world populations of children with asthma.*?

In summary, pre-specified blood eosinophil cut points were associated with higher odds of
exacerbation, higher exacerbation rate, and greater hospitalization occurrence over 12-18
months of follow-up in preschool children with recurrent wheezing. Outcome detection was
greater in children with higher cut points. Addition of sensitization variables to the model
improved sensitivity of outcome detection and also discriminated responses to initiation

of daily maintenance inhaled corticosteroids in exploratory analyses. While validation is
warranted, these results suggest that pre-specified blood eosinophil cut points may be
useful in clinical settings and future studies for prediction of subsequent exacerbations and
treatment responses in preschool children with recurrent wheezing.
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Toddlers
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Highlights Box
What is already known about this topic?

In prepubertal children with asthma, elevated blood eosinophils predict future
exacerbations and are used to guide biologic therapy. The optimal blood eosinophil cut
points for prediction of exacerbation and treatment response in preschool children are
unknown.

What does this article add to our knowledge?

Cut points of 2150 blood eosinophils/microliter predicted exacerbation outcomes in
preschool children, but exacerbation detection was greater with higher cut points.
Addition of sensitization variables improved detection of exacerbations and responses
to daily inhaled corticosteroids in exploratory analyses.

How does this study impact current management guidelines?

Blood eosinophil cut points combined with sensitization variables may be useful
for clinical assessment and future studies of exacerbation and treatment response in
preschool children with recurrent wheezing.
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Figure 1.
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Associations between blood eosinophil counts and (A) the average number of days per
week with asthma symptoms during the study run-in periods, and (B) the number of oral
corticosteroid bursts in the previous year. Cl=confidence interval (shown as dashed line).
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Figure 2.

(A) Annualized exacerbation rate (mean + standard error of the mean) and (B) percentage of
children hospitalized for an exacerbation, by blood eosinophil (eos) grouping. *p < 0.05 vs.
cut point not met.
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Figure 3.

(A) Occurrence of any exacerbation in children treated with intermittent versus maintenance
inhaled corticosteroid (ICS) in the MIST study, by blood eosinophil cut point and by (B)
blood eosinophil cut point in children with any aeroallergen sensitization. *p<0.05 vs.
intermittent ICS, +p=0.06 vs. intermittent ICS
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Figure 4.

(A) Reduction in offline exhaled nitric oxide concentration in children treated with
intermittent versus maintenance inhaled corticosteroid (ICS) in the MIST study, by blood
eosinophil cut point and by (B) blood eosinophil cut point in children with any aeroallergen
sensitization. *p<0.05 vs. intermittent ICS
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Features of the participants. Data represent the mean + standard deviation or the number of participants (%).

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2024 May 01.

Feature Participants (N=1,074)
Age (months) 32.7+147
Age of symptom onset (months) 12.9+10.6
Male 681 (63.4)
Self-reported race
White 733 (68.2)
Black 235 (21.9)
Asian 22 (2.0)
More than one race 60 (5.6)
Reported as “other” 24 (2.2)
Hispanic ethnicity 283 (26.4)
Family medical history
Mother with asthma 352 (32.8)
Mother with allergies 280 (26.1)
Father with asthma 397 (37.0)
Father with allergies 308 (28.7)
Household exposures
Tobacco smoke 293 (27.3)
Cat 169 (15.7)
Dog 325 (30.3)
Self-reported triggers
Inhaled allergens 566 (52.7)
Exercise 524 (48.8)
Respiratory infections 1,027 (95.6)
Chemicals/irritants 219 (20.4)
Weather changes 765 (71.2)
Cold air 549 (51.1)
Emotions 328 (30.5)
Tobacco 265 (24.7)
Food 51 (4.7)
Ever had eczema 513 (47.8)
Medication use in past year (at any time)
Inhaled corticosteroid 459 (42.7)
Leukotriene receptor antagonist 113 (10.5)
Exacerbation history (past year)
Any oral corticosteroid burst 684 (63.7)
Number of oral corticosteroid bursts 1313
Any unscheduled visit 1,037 (96.6)
Number of unscheduled visits 35+£33
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Feature

Participants (N=1,074)

Any Emergency Department visit

Number of Emergency Department visits

Any hospitalization

801 (74.6)
21%20
126 (11.7)
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