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Background: Childhood Asthma Control Test (C-ACT) is a well-validated questionnaire for asthma
controls among 4-11 years old children. This study aims to examine if longitudinal C-ACT score changes
could also reflect lung pathophysiologic changes.

Methods: Thirty-seven children (43% female) aged 5 to 10 years old with mild or moderate asthma
were followed up for 6 weeks with bi-weekly assessments of C-ACT, airway mechanics, lung function and
respiratory inflammation. Associations of longitudinal changes in C-ACT score with lung pathophysiologic
indicators were evaluated using linear mixed-effects models.

Results: A two-point worsening of total C-ACT score (sum of child and caregiver-reported) was associated
with significant decreases in forced expiratory volume during the 1* second (FEV,) by 1.7% (P=0.04) and
forced vital capacity (FVC) by 1.6% (P=0.01) and increased total airway resistance [airway resistance at
5 Hz (Ry)] by 3.8% (P=0.05). A two-point worsening in child-reported score was significantly associated
with 3.1% and 2.5% reductions in FEV, and FVC, respectively, and with increases in R; by 6.5% and large
airway resistance [airway resistance at 20 Hz (R,y)] by 5.5%. In contrast, a two-point worsening of caregiver-
reported score was associated with none of the concurrent lung pathophysiologic measurements. Worsening
of total C-ACT score was significantly associated with increased respiratory inflammation [fractional exhaled
nitric oxide (FeNO)] in a subset (n=23) of children without eosinophilic airway inflammation. C-ACT scores
were associated with none of the small airway measures.

Conclusions: In children with mild or moderate asthma, longitudinal C-ACT score changes could reflect
acute changes in large airway resistance and lung function. Measures of small airway physiology would
provide valuable complementary information for asthma control. Asthma phenotype may affect whether

C-ACT score could reflect respiratory inflammation.
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Introduction

With the hallmark of chronic lung inflammation and
impaired lung function, pediatric asthma is a life-long
risk factor for mortality and morbidity. Past decades have
witnessed a rapid increase in the prevalence of pediatric
asthma, particularly in low- and middle-income countries.
The global prevalence of pediatric asthma was 4.2%
in 2019 (1). Pediatric asthma has complex etiology and
its phenotypes can be characterized by chronic airway
inflammation, history of respiratory symptoms (wheeze,
shortness of breath, chest tightness, and cough), and airflow
limitation (2,3). The intensity of these symptoms may vary
over time, due to changes in numerous exogenous factors
such as exposure to allergens, viral infection, medication use,
and endogenous factors such as airway remodeling (2,4-6).
Therefore, asthma control should be highly personalized
and the optimal asthma management plan should be based
on a continuous cycle of “assess-adjust-review-response”
(6,7), in which the precise assessment of asthma control
is crucial. Several tools have been developed for asthma
control assessment, including validated questionnaires and
measurements of lung pathophysiology using spirometry,
impulse oscillometry, and biomarkers of respiratory
inflammation (7,8). The questionnaire-based assessment
provides an easily accessible evaluation tool for patients and
physicians, while the measurement of lung pathophysiology
typically requires sophisticated instrumentation and trained
personnel.

Highlight box

Key findings

* Among 37 children with mild or moderate asthma, longitudinal
changes in C-ACT score were significantly associated with large
airway resistance and lung function.

What is known and what is new?

¢ The C-ACT is among most used questionnaires to monitor
pediatric asthma status.

* We found the potential usefulness of C-ACT to monitor lung
pathophysiologic changes in children with mild or moderate
asthma.

What is the implication, and what should change now?

® In children with mild or moderate asthma, longitudinal C-ACT
score changes could reflect changes in large airway resistance and
lung function.

® Measures of small airway physiology would provide valuable

complementary information for asthma control.
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The Childhood Asthma Control Test (C-ACT) is among
most commonly used questionnaires for the evaluation
of asthma status in children of 4 to 11 years old (6,8),
with inputs from both the child with asthma (for present
symptoms) and caregivers (for recall of symptoms during
the previous 4 weeks) (9). Clinically, C-ACT score <19 has
been identified as the cut point for inadequately controlled
asthma (9) and C-ACT score <12 as the cut point for poorly
controlled asthma (10). A two-point change is considered as
the minimal change of clinical importance (11).

Although C-ACT has been validated for numeric cut
points to discern asthma control among children to guide
initial diagnosis and treatment, research efforts have also
been made to understand the relationship between C-ACT
score and lung pathophysiology. Previous studies used a
cross-sectional design to compare C-ACT scores among
children with different degrees of asthma control (9,11-13).
However, longitudinal studies have yet to be conducted
to examine whether changes in C-ACT score can reflect
changes in lung pathophysiologic indicators over time
in the same individuals. Such studies can further validate
the usefulness of the C-ACT tool in reflecting temporal
changes in objectively measured asthma indicators.

In the present study, we conducted a secondary analysis
of data collected from a clinical trial in which 43 children
with mild or moderate asthma were followed bi-weekly for
6 weeks for the assessment of C-ACT as well as hospital-
based measurements of lung function, airway mechanics,
and respiratory inflammation. However, only 37 children
had complete data on C-ACT score for the current
analysis. We examined the associations of C-ACT score
with concurrently (the same-day) measured and 4-week
averages of lung pathophysiologic indicators, respectively.
To our knowledge, this is the first study to investigate
whether within-child variations in C-ACT score would
reflect pathophysiologic changes in airway mechanics,
lung function, and respiratory inflammation. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1383/rc).

Methods
Study design and participants

For the present study analysis, we used the data collected
in a residential air purification intervention in 43 children
with asthma (14). All participants were recruited from the
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outpatient clinic of the Shanghai General Hospital, had
mild or moderate asthma according to the Global Initiative
for Asthma (GINA) (15), and had at least one episode of
asthma exacerbation during the past 12 months. Subjects
were measured for lung pathophysiologic indicators at the
clinic every 2 weeks over the period of 6 weeks. Among
the 43 children, 37 participants were aged 4 to 11 years
old (the age range applicable for C-ACT) and were asked
to complete C-ACT questionnaires during clinic visits.
These patients served as study subjects for the present
analysis. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
protocol was approved by the ethics committee of Shanghai
General Hospital (Protocol #38) and Duke University
Campus institutional review board (Protocol #D0742). All
participants provided oral assent, and their parents gave
written consent.

Outcome measurements

Upon enrollment, the children provided blood samples
via venipuncture for immunoglobulin E (IgE)-mediated
allergy testing and eosinophil counts. At each clinical visit,
assessments of C-ACT, as well as measurements of lung
function, airway mechanics, and respiratory inflammation
were performed. During the study, stepping-up or down of
asthma medication was allowed if deemed necessary based
on physician’s evaluation at each clinical visit.

A validated Chinese version of the C-ACT was used
in this study (16) and filled out by both the child and a
caregiver. The C-ACT consists of four questions for the
child to report the overall perception of asthma control,
limitation of physical activities, coughing, and waking up at
night, as well as three questions for the caregiver to recall
symptoms over the previous 4 weeks including daytime
symptoms, daytime wheezing, and waking up at night. A
total score is calculated by summing the scores of all seven
questions where the full score is 27 and indicates better
asthma control (9). Airway mechanics were measured using
a Jaeger MasterScreen' " impulse osillometer (I0S) (Becton,
Dickinson and Company, Germany) (17). Main parameters
of airway mechanics included airway resistance at 5 Hz (Ry;
total airway resistance), airway resistance at 20 Hz (R,
large airway resistance), difference between R5 and R20
(Rs—R,; small airway resistance), airway reactance at 5 Hz
(Xs), and resonant frequency (Fres). Standard spirometry
was performed following the American Thoracic Society
(ATS) guideline and using Jaeger MasterScreen'™ PFT
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System (Becton, Dickinson and Company) (18). Spirometry
parameters included forced vital capacity (FVC), forced
expiratory volume during the 1" second (FEV),), FEV/
FVC ratio, and forced expiratory flow during 25% to 75%
of FVC (FEF,;_;;). Fractional exhaled nitric oxide (FeNO),
a well-established biomarker of respiratory inflammation,
was measured using a NIOX VERO machine (Circassia
Pharmaceuticals Inc., USA) (19).

Statistical analysis

The association between changes in C-ACT scores and lung
pathophysiology indicators in longitudinal measurements
were analyzed using linear mixed-effects models in which
a random intercept was specified to account for multiple
measurements from the same participant and no other
fixed-effect covariates were included. The raw values of
lung function measurements by spirometry and impulse
oscillometry, instead of percent predicted values, were used
in this analysis. Due to the highly right-skewed distribution
of FeNO data, transformed FeNO data {In[FeNO]} was
used in the analyses. As C-ACT evaluated children’s
perception of near-term (present) asthma symptoms and
caregivers’ recall of symptoms over the past 4 weeks, both
same-day measurements and 4-week averages of respiratory
physiologic indicators were assessed for their relationship
with C-ACT score. Given that a two-point change in the
C-ACT score is typically considered as the smallest change
of clinical significance (10), we reported the change in
lung pathophysiology indicators associated with a two-
point decrease (deterioration) in C-ACT score. Percentage
change in lung function and airway mechanics were
calculated by dividing the absolute change with the average
of the same indicator in all participants and multiplied by
100%. Statistical analyses were performed using the lme4
and ImeTest packages of the R software (version 3.6.3, R
Development Core Team, R Foundation for Statistical
Computing, Vienna, Austria) (20-22).

Results
Participant characteristics

As shown in Table 1, 16 girls (43%) and 21 boys (57%) were
included in the present analysis. Most of the participants
(84%) had a mother with college or above education. All
participants had physician-ascertained mild or moderate
asthma. At baseline, most children had their asthma
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Table 1 Baseline characteristics of the study participants

Baseline characteristics Participants
Sample size a7t
Female 16 [43]
Age (years) 7[5, 10]
Height (cm) 129+11
Weight (kg) 2919
C-ACT score

Median [range] 24 [17, 27]

<19 318]

<12 01[0]
FEV, (% predicted)*

Mean + SD 10416

<80% 1[3]
FEV./FVC ratio (% predicted)*

Mean + SD 99+8

<70% 01[0]
FeNO

Median [range] (ppb) 13 [5, 56]

>35 ppb 5[14]
Blood eosinophil count

Median [range] (/pL) 330 [80, 850]

>450/pL 9 [24]
Table 1 (continued)

condition well controlled. Only three children (8%) had
C-ACT <19, indicating inadequately controlled asthma (9)
and none had C-ACT score <12 (the cut point for poorly
controlled asthma) (11). Only one child (3%) had baseline
FEV,% predicted <80% and no child had FEV/FVC ratio
% predicted <70%. A small portion of children (n=14, 38%)
had eosinophilic airway inflammation at baseline, defined as
having FeNO >35 ppb (n=5) (23) or blood eosinophil count
>450/pL. (n=9) (24). At baseline, 30% of children did not take
any long-term asthma control medication. Dust mite was the
most prevalent (59%) allergen among the allergens tested.

Variability in C-ACT score

The summary statistics of the C-ACT scores are presented
in Table 2. The median score was 24, with a range of 16 to
27. The intra-person variability of C-ACT score was 4.50
and inter-person variability was 1.48. The relatively large
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Table 1 (continued)

Baseline characteristics Participants
Long-term asthma control medication
None 11[30]
ICS alone 5[14]
LABA alone 0 [0]
ICS + LABA 17 [46]
H, receptor antagonist 7[19]
Leukotriene receptor antagonists 2 [5]
Positive for blood IgE test® 29 [78]
Dust mite allergy 22 [59]
Mold allergy 6 [16]
Mother with a college degree or above 31 [84]

Data are presented as n, n [%)], median [range], or mean + SD. T,
the 37 participants reported in Table 1 is a subset (only those aged
4 to 11 years old) of the 44 participants reported previously by
Cui et al. 2020 (14); ¥, percent predicted values for the spirometry
values were calculated using the built-in proprietary formula of
the spirometry machine (MasterScreen™ PFT System, Jaeger,
Germany) developed by Zapletal for children aged 2 to 18 years
old; ¥, upon enrollment, blood samples from each participant
were analyzed using an allergen-specific IgE test (AllergyScreen®,
Mediwiss Analytic GmbH, Germany). Positive indicated testing
positive for any of the 19 allergens evaluated by this test. These
19 allergens included dust mite, mold, cat dander, dog dander,
roach, tree pollens and foods (egg, milk, beef, shrimp), etc. Blood
IgE levels >0.35 kU/L were considered positive. C-ACT, Childhood
Asthma Control Test; FEV,, forced expiratory volume during the 1%
second; SD, standard deviation; FVC, forced vital capacity; FeNO,
fractional exhaled nitric oxide; ICS, inhaled corticosteroids; LABA,
long-acting beta 2-agonists; IgE, immunoglobulin E.

intra-person variability in C-ACT score afforded us to
examine the associations between longitudinal changes in
C-ACT score and changes in respiratory pathophysiologic
indicators. Of the total C-ACT score (i.e., 27 points),
12 points were from the four questions answered by the
children while 15 points were from the three questions
answered by the caregivers. The intra-person variability for
the children-derived C-ACT score was 2.20 and the intra-
person variability for the caregiver-derived C-ACT score
was 1.46.

Association between C-ACT score and respiratory bealth
indicators

As shown in Figure 1A, for respiratory physiologic
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Table 2 Intra-person and inter-person variability of C-ACT scores’ measured bi-weekly at 4 clinical visits in 37 children
Variability
Category Questions Score options Median [range]
Intra-child  Inter-child

Answered by Q1: How is your asthma today? 0to3 3[1,3] 0.22 0.08
children

Q2: How much of a problem is your asthma when you run, 0to3 310, 3] 0.38 0.15

exercise or play sports?

Q8: Do you cough because of your asthma? 0to3 210, 3] 0.45 0.15

Q4: Do you wake up during the night because of your asthma? 0to3 32, 3] 0.11 0.03

Subtotal: Q1-4 Oto12 10[4, 12] 2.20 0.92
Answered by Q5: During the last 4 weeks, how many days did your child have Oto5 510, 5] 0.46 0.02
caregivers any daytime asthma symptoms?

Q6: During the last 4 weeks, how many days did your child Oto5 52, 5] 0.21 0.05

sneeze during the day because of asthma?

Q7: During the last 4 weeks, how many days did your child wake Oto5 53, 5] 0.14 0.00

up during the night because of asthma?

Subtotal: Q5-7 Oto 15 158, 15] 1.46 0.14
Total score  Q1-7: The sum of scores for all seven questions 0to 27 24 16, 27] 4.50 1.48

¥, a Mandarin Chinese version of the C-ACT (16) was used in the study. C-ACT, Childhood Asthma Control Test.

indicators measured on the same-day of the C-ACT
assessment, a two-point decrease (deterioration) in C-ACT
score was associated with a 1.7% decrease in FEV, (P=0.04),
2 1.6% decrease in FVC (P=0.01), and a 3.8% increase in R;
(P=0.052). No associations were found for other indicators
of airway mechanics including R;-R,,, X5, and Fres.
Counter-intuitively, a two-point deterioration is associated
with a 7.4% improvement in FeNO (P=0.02). However, by
excluding the 14 children with eosinophilic inflammation at
baseline, we found that a two-point worsening in C-ACT
score was significantly associated with a 4.0% increase
(worsening) in same-day measurements of FeNO (P<0.05).
Although C-ACT incorporates three questions answered
by caregivers for recall of symptoms over the previous
4 weeks, none of the respiratory pathophysiologic indicators
averaged over the previous 4 weeks were associated with
C-ACT score (Figure 1B).

C-ACT questions answered by children

As C-ACT includes four questions for the children about
the present asthma conditions, the sum of all questions
answered by children were evaluated with same-day
measurements of respiratory health indicators (Figure SI).
We found that worsening of C-ACT score by two points
was significantly associated with (I) deteriorations of lung
function including a 3.1% decrease in FEV, (P=0.007) and
a 2.5% decrease in FVC (P=0.003); (II) deterioration of

© Journal of Thoracic Disease. All rights reserved.

airway mechanics including a 6.5% increase in R; (P=0.02)
and a 5.5% increase in R,, (P=0.03); and (IIT) a counter-
intuitively improvement of respiratory inflammation, as
reflected in a 10.4% decrease in FeNO (P=0.03). Among
the four questions answered by the children, at least one
question demonstrated significant associations with Rs, Ry,
FEV,, FVC and FEF,; ;s (Figure S2). Specifically, for the
answer to the first question “How is your asthma today?”, a
two-point decrease was significantly associated with significant
deteriorations in FEF,; ;s by 15.8% (P=0.03), FEV, by 11.3%
(P=0.003), FVC by 10.2% (P<0.001). In contrast, for the
average of lung pathophysiologic measurements during the
4 weeks before C-ACT, none of these indicators were
associated with the questions answered by the child (Figure S3).

C-ACT questions answered by caregivers

As shown in Figure S1, the sum of scores on the three
questions answered by the caregivers was not associated with
any respiratory pathophysiologic indicators measured on the
same-day. In contrast, a two-point decrease in the sum score
was marginally associated with a 2.0% decrease in FEV,
(P=0.055) averaged over the previous 4 weeks (Figure S3).
Specifically, for caregivers’ answers to the fifth question
(Q5) on daytime asthma symptoms during the previous
4 weeks, a two-point decrease was associated with significant
deteriorations in lung function averaged over the previous
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Figure 1 Changes in concurrent (A) and 4-week average (B) respiratory pathophysiologic indicators (measured at the same clinical visit)

associated with a two-point decrease in C-ACT score. Points and bars show mean and 95% confidence intervals for outcome changes

associated with a two-point decrease in C-ACT score within the same participants. For FeNO data, the analysis was performed on log-

transformed FeNO data; and the result was converted back to un-transformed data for presentation in this figure. R;, airway resistance at

5 Hz; Ry, airway resistance at 20 Hz; R;—R,,, difference between Ry and R,; Xj, airway reactance at 5 Hz; Fres, resonant frequency; FEF,; 5,

forced expiratory flow during 25% to 75% of FVC; FEV,, forced expiratory volume during the 17 second; FVC, forced vital capacity;
FeNO, fractional exhaled nitric oxide; C-ACT, Childhood Asthma Control Test.

4 weeks, including FEV, by 4.7% (P=0.02) and FVC by
3.0% (P=0.04), as well as a marginal deterioration in FEF,;
by 7.9% (P=0.06) (Figure S2).

Discussion

C-ACT is among the most commonly used questionnaires
for the asthma evaluation of children of 4 to 11 years old (9).
Among 37 children with mild or moderate asthma, we
found that longitudinal changes in C-ACT score were
significantly associated with large airway resistance and lung
function. Deterioration of C-ACT scores was significantly
associated with deteriorations in same-day FeNO in
participants without eosinophilic airway inflammation.
However, the association reversed when evaluated in all
participants, suggested a likely role of asthma phenotype
in defining the relationship between C-ACT score and
respiratory inflammation.

Asthma control assessment could guide the medication use
and is essential for the personalized asthma management (6).
In our study, the intra-person variability of C-ACT
score (4.50) was substantially larger than inter-person
variability of C-ACT score (1.48) (Tible 2), highlighting the
importance of understanding the within-child fluctuations
in C-ACT score. In previous cross-sectional studies,
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weak correlations were observed between C-ACT score
and lung function (9,12,13). In contrast, we found that
within-person deteriorations in the C-ACT score were
associated with small but significant deteriorations in same-
day measurements of both FEV, and FVC but not FEV/
FVC, a sign of air trapping in alveoli during exhalation
due to airway obstruction (25,26). Consistently, increased
total airway resistance (R;) was also associated with worsen
C-ACT score. Nevertheless, C-ACT score changes can
not reflect small airway condition changes (i.e., FEFj,,
FEF,5 55, Ri—Ry, X, and Fres), suggesting that small airway
measurement can provide complementary information to
the C-ACT.

FeNO is a validated indicator of airway inflammation (27).
The relationship between FeNO and asthma control
measures has been widely examined but the results are
mixed. A systemic review of 58 studies revealed a weak
association between FeNO levels and asthma control
in adults and children (28). Nevertheless, Nguyen ez al.
reported associations between FeNO and Asthma Control
Test (ACT) score in 410 adults (29). Stern et al. observed
associations of FeNO with symptom scores in 151 atopic
asthmatic children during 192 days when the use of inhaled
corticosteroids (ICS) was adjusted every 3 weeks according
to FeNO value (30). In our study, deteriorations in C-ACT
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score were significantly associated with deteriorations
in FeNO only among a subgroup of children without
eosinophilic airway inflammation, suggesting that asthma
phenotype may modify the relationship between FeNO and
C-ACT, which merit further evaluation with sample size
large enough to represent distinct asthma phenotypes and
medication adjustments.

C-ACT asks for children’s experience of asthma
symptoms at present and caregivers’ recall of symptoms
during the previous 4 weeks. Correspondingly, we assessed
both same-day and 4-week averaged measurements of lung
pathophysiological indicators. Worsening scores on the
questions answered by children were significantly associated
with deteriorations in FEV,, FVC, R;, and R,, on the same-
day. Children’s input showed similar association as the total
C-ACT score although the magnitude was much larger. In
contrast, the questions filled out by the caregivers were only
marginally associated with average FEV, during the previous
4 weeks. These results suggests that children’s perception
provides more accurate input for asthma control assessment
than their caregivers, which is logically reasonable. For
example, it is challenging for the caregiver to obtain accurate
information of daytime and nighttime symptoms (16), if the
child spends most of the daytime in school and sleeps in a
bedroom separately from the caregiver.

Our findings provide initial evidence supporting the
potential usefulness of C-ACT score in monitoring
fluctuations of asthma control among children with mild
or moderate asthma. As the web-based version of C-ACT
has been validated to correlate well with paper-based
version (10), physicians can track asthma control with the
collaboration of children and their caregivers who can take
the C-ACT at home. The qualitative association with these
objective measurements reported can provide assurance
on the utility of C-ACT. The quantitative relationship can
provide a reference to physicians and caregivers where they
can extrapolate from the changes seen in C-ACT to changes
in lung function and airway mechanics if the hospital-based
measurements are not readily available.

Our study has several limitations. First, we conducted
repeated measurements within a relatively short period of
6 weeks during which no asthma exacerbation events were
reported. A longer follow up period may be more desirable
to examine the relationship between C-ACT score and
lung pathophysiology, considering that clinical events such
as asthma exacerbation and an asthma phenotype change
may affect the relationship (31-33). Second, this study only
included children with mild or moderate asthma due to
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the inclusion criteria of the parent study that provided data
for the current analysis. Therefore, we cannot evaluate the
relationship between C-ACT and lung pathophysiology
in children with severe asthma. Third, this study followed
up each subject for up to 6 weeks and only capture short-
term variations in C-ACT score and lung pathophysiologic
indictors. More importantly, although we assessed C-ACT
score and measured lung pathophysiology every 2 weeks, the
caregiver questions were designed for 4 weeks, which may
partially explain the poor correlation between caregiver’s
score and pathophysiologic indicators. Finally, results of
FeNO suggested that the relationship between C-ACT
and respiratory inflammation may vary across different
phenotypes of asthma, which may limit the generalizability
of using C-ACT score to reflect lung pathophysiology. A
larger study is warranted to explicitly examine the potential
difference by asthma phenotype in the relationship between
changes in C-ACT score and changes in respiratory
pathophysiology over time.

Conclusions

In this longitudinal study of 37 children with mild or
moderate asthma, within-person changes in C-ACT
scores were significantly associated with changes in same-
day measurements of airway resistance and lung function.
Children’s answers showed stronger associations with
multiple indicators of airway resistance and lung function
compared to caregiver’s answers, indicating the importance
of children’s input despite their young age. In contrast, the
caregiver-derived C-ACT score was associated with none
of the same-day lung pathophysiologic measurements and
was only marginally associated with average FEV, during
the previous 4 weeks. The deterioration in C-ACT score
was significantly associated with increased pulmonary
inflammation (FeNO) in children without eosinophilic
airway inflammation, suggesting that asthma phenotype
may modify the relationship between C-ACT score and
lung inflammation. The lack of an association between
C-ACT score and small airway physiology suggests the
need for assessing small airways to complement the C-ACT
in asthma control.
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Supplementary
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Figure S1 Changes in respiratory pathophysiologic indicators (measured at the same clinical visit) associated with a two-point decrease in
C-ACT score: stratefied by questions answered by the child and the caregiver. Points and bars show mean and 95% confidence intervals
for outcome changes associated with a two-point decrease in C-ACT score within the same participants. For FeNO data, the analysis was
performed on log-transformed FeNO data; and the result was converted back to un-transformed data for presentation in this figure. Rs,
airway resistance at 5 Hz; R,, airway resistance at 20 Hz; Ri—R,,, difference between R; and R,; Xj, airway reactance at 5 Hz; Fres, resonant
frequency; FEF,; 5, forced expiratory flow during 25% to 75% of FVC; FEV,, forced expiratory volume during the 1™ second; FVC, forced
vital capacity; FeNO, fractional exhaled nitric oxide; C-ACT, Childhood Asthma Control Test.
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-» Changes in lung pathophysiologic indicators measured at the same clinical visit as C-ACT

-# Changes in average lung pathophysiologic indicators during the 4 weeks before C-ACT

Figure S2 Changes in respiratory pathophysiologic indicators associated with a two-point decrease in C-ACT score on indiviual questions.
For questions answered by the child (Q1 to Q4), association with lung pathophysiologic indicators measured at the same clinical visit as
C-ACT was reported. For questions answered by the caregiver (Q5 to Q7), association with lung pathophysiologic indicators averaged
during the previous 4 weeks before C-ACT was reported. Points and bars show mean and 95% confidence intervals for outcome changes
associated with a two-point decrease in C-ACT score within the same participants. Q1 to Q7 indicate the first question to the seventh
question of the C-ACT. Ry, airway resistance at 5 Hz; R, airway resistance at 20 Hz; Ri—R,,, difference between R; and R,y; FEF,; 5, forced
expiratory flow during 25% to 75% of FVC; FEV,, forced expiratory volume during the 1" second; FVC, forced vital capacity; FeNO,
fractional exhaled nitric oxide; C-ACT, Childhood Asthma Control Test.
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Figure S3 Changes in respiratory pathophysiologic indicators (averaged during the previous 4 weeks) associated with a two-point decrease
in C-ACT score: stratified by questions answered by the child and the caregiver. Points and bars show mean and 95% confidence intervals
for outcome changes associated with a two-point decrease in C-ACT score within the same participants. For FeNO data, the analysis was
performed on log-transformed FeNO data; and the result was converted back to un-transformed data for presentation in this figure. R;,
airway resistance at 5 Hz; R, airway resistance at 20 Hz; Ri-R,,, difference between R; and R,; Xj, airway reactance at 5 Hz; Fres, resonant
frequency; FEF,; ., forced expiratory flow during 25% to 75% of FVC; FEV|, forced expiratory volume during the 1* second; FVC, forced
vital capacity; FeNO, fractional exhaled nitric oxide; C-ACT, Childhood Asthma Control Test.
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