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Background: Maintaining good asthma control minimizes the risk of exacerbations and lung function
decline and is a primary goal of asthma management. The Japanese Pediatric Asthma Guidelines (JPGL)
employs different classification criteria for control status from other guidelines, stressing a higher level of
control. Based on JPGL, we previously developed a caregiver-completed questionnaire for assessing and
achieving best asthma control in preschoolers. In this study, we aimed to develop a questionnaire for
school-age children and adolescents.
Methods: A working questionnaire comprising 14 items for patients and 34 items for caregivers was
administered to 362 asthma patients aged 6—15 years and their caregivers. Separately, physicians filled
out a questionnaire to determine JPGL-defined control. Logistic regression analysis was performed to
construct a model to predict control levels using data from a randomly selected set of completed
questionnaires from two-thirds of the subjects. Validation was performed using the remaining
questionnaires.
Results: A set of 7 questions, encompassing self-assessed control status at the time of the visit and in the
past month, and nocturnal/early morning asthma symptoms for patients and frequency of asthma
symptoms, dyspnea, rescue beta-agonist use, and asthma hospitalization for caregivers, were selected
and the 7-item model showed a good statistical fit with AIC of 110.5. The model has been named the Best
Asthma Control Test for School Children and Adolescents (Best ACT-S). Best ACT-S scores differed
significantly in the hypothetical direction among the groups of different JPGL-defined control levels,
step-up/down treatment decisions, and presence/non-presence of exacerbations in the previous year.
Conclusions: The Best ACT-S is a valid questionnaire for children/adolescents aiming for best asthma
control.
© 2023 Japanese Society of Allergology. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Asthma control refers to the extent to which the manifestations
of asthma have been controlled by treatment.! Maintaining good
asthma control minimizes the risk of exacerbations and lung
function decline,>® and is a primary goal of asthma
rr1anagement.7’9

In addition to physician assessment and lung function testing,
patient self-assessment is an important method of monitoring
asthma.!? Several questionnaire-based measures of asthma control
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are available, which involve a short set of questions for patients to
answer about the status of their asthma.'%!! For pediatric patients,
these tools also require input from the child's caregiver (parent/
guardian)."

The Japanese Society of Pediatric Allergy and Clinical Immu-
nology'?> recommends that questionnaires suitable for assessing
asthma control in children in Japan include the physician-
completed Japanese Pediatric Asthma Control Program (JPAC)"
and the patient/caregiver-completed Childhood Asthma Control
Test (C-ACT)' for school-age children and adolescents, and the
caregiver-completed Best Asthma Control Test for Preschoolers
(Best ACT-P) for children of preschool-age."”

Amongst the patient-reported measures, the C-ACT, aimed at
children aged 4—11 years, was developed in the USA and a verified
Japanese translation is available; however, the evaluation of control
is based on US guidelines.'"* The Japanese Pediatric Asthma
Guidelines (JPGL) employs different classification criteria for con-
trol status compared with other guidelines, stressing a higher level
of control.” Based on the JPGL, we developed the Best ACT-P, a
questionnaire for assessing and helping to achieve complete
asthma control in preschool children (aged <6 years) in Japan.'?

Given the young age of the target preschool patient group, the
Best ACT-P questionnaire is completed by their caregivers. In
contrast, older children are capable of providing some information
about their symptoms and asthma control level themselves. This
can be helpful because parents may underestimate asthma symp-
toms and overestimate the level of asthma control in their child.'>!”
Therefore, it was decided to develop a similar questionnaire that
was suitable for older children.

The aim of this study was to develop a simple pediatric asthma
control questionnaire to assess the control status of school-age and
adolescent pediatric asthma patients (aged 6—15 years) based on
the high level of control specified by the Japanese guidelines.

Methods

This was a multicenter, cross-sectional observational study, with
participants recruited from 11 pediatric clinics/hospitals across
Japan. The study complied with the principles of the Declaration of
Helsinki (2008) and the Ethical Guidelines for Clinical Research
(July 31, 2008). Ethical approval was obtained from the Central
Ethical Review Committee for Clinical Research at the National
Hospital Organization Mie National Hospital (Approval number:
25-59).

Study population

The study population comprised Japanese children aged 6—15
years old who were diagnosed and being treated for bronchial
asthma, and their caregivers (parents/guardians). Patients with
concurrent illnesses that required treatment (other than non-
severe allergic rhinitis and atopic dermatitis) were excluded, as
were patients and caregivers who were unable, or found it difficult,
to answer questions about asthma control status due to physical or
mental problems. It was planned to enroll 500 children. When
possible, spirometry was also performed.

Development of working questionnaire

A preliminary questionnaire involving open-ended questions
was administered to patients and their caregivers, asking them to
provide free-text responses to the questions “What is a bad asthma
condition?”, and “What are the problems of having asthma?”, to
elicit information about what they thought was relevant to asthma
control.

Based on the answers to the preliminary questionnaire, a group
of pediatric allergy specialists developed a working questionnaire
for patients comprising 14 questions that were expected to be able
to assess asthma control (Supplementary Table 1). Patients'
description of their “asthma condition” in the preliminary ques-
tionnaire were classified into several concepts of asthma control,
and working questions were developed using several slightly
different expressions for each concept, while retaining the ex-
pressions used by the patients as much as possible.

The working questionnaire for caregivers used 34 questions
from the working questionnaire that was developed for the Best
ACT-P asthma control study (Supplementary Table 2)."° Treating
physicians completed a 10-item questionnaire (Supplementary
Table 3) to determine JPGL-defined control status (Supplementary
Table 4). The physician questionnaire, which was also developed
for the Best ACT-P study,'” consists of 6 questions about the fre-
quency of moderate/severe symptoms, mild symptoms and rescue
use of short-acting beta2 agonists (for evaluation of asthma control
level), and 4 questions about exacerbation episodes in the past year,
the need for change in controller medications, JPGL-defined
severity, and physician-judged control level (for validation of the
control test being developed). In the assessment of asthma control
level, scores for moderate/severe symptoms ranged from O (none)
to 100 (daily); scores for mild symptoms and rescue use of short-
acting beta2 agonists ranged from 0 (none) to 50 (daily). Based
on sum scores, patients were categorized as well-controlled (score
0), partially controlled (1-9), poorly controlled (10—99) or very
poorly controlled (100). The classification ‘very poorly controlled’ is
not defined in JPGL but was included to match the Global Initiative
for Asthma Strategy (GINA) category of ‘uncontrolled’ asthma.®

Patient/caregiver pairs completed the working questionnaires.
At the same time, treating physicians completed the physician
questionnaire to determine JPGL-defined control status. Where
possible, spirometry was performed on the same day.

Development of asthma control model

The completed questionnaires were randomly divided 2:1 into
development and validation datasets by using simple random
sampling without replacement (SRSWOR). Using the development
dataset, a prediction model was constructed using logistic regres-
sion analysis, with the objective variable being the control level
defined by the physician questionnaire (‘well controlled/partially
controlled’ versus ‘poorly/very poorly controlled’) and the explan-
atory variable being each response to the working questionnaire.
Independent analyses were conducted using either the patient
response data or the caregiver response data as the explanatory
variables. The best combination of questions from the two analyses
was selected. Each selected question was scored using a 5-point
scale (4, 3, 2, 1, 0), with higher scores indicating better control.
The total score (the sum of the individual scores for each question)
was then converted to a 0—28 point scale as the final Best ACT-S.
The final model was then applied to the validation dataset to
evaluate accuracy.

Statistical methods

Baseline variables were described using summary statistics,
including mean and standard deviation (SD), median (mini-
mum—maximum) or percentage as appropriate.

Spearman correlation coefficients between explanatory vari-
ables were calculated; for any two variables for which the coeffi-
cient was >0.9, only one of the variables was selected and the other
discarded. Next, logistic regression analysis with backward step-
wise elimination was performed to identify factors associated with
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the outcome (control status). Among several candidate regression
models, the one with the lowest Akaike's information criterion
(AIC) was selected, and a Hosmer—Lemeshow goodness-of-fit test
was conducted to determine the area under the curve (AUC) of the
receiver operating characteristic (ROC) curve, and the cutoff point
at which the sensitivity and specificity were most appropriate. In-
ternal consistency was evaluated using Cronbach's coefficient a. For
external validation, the final model was applied to the validation
dataset to confirm accuracy, based on sensitivity, specificity and
AUC.

Clinical validation was performed using the physicians' ratings
of control and severity, change in therapy and presence of exacer-
bations in the past year, as well as respiratory function results. One-
way ANOVA was used for the known-group validation. Testing for a
linear trend was performed to examine whether the mean scores in
the groups increased (or decreased) systematically in the hypo-
thetical direction. Statistical differences between 3 or more groups
were determined by a Tukey—Kramer post hoc test. The effect size,
R?, was calculated as the fraction of the total variance accounted for
by the linear trend.

All statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA) and GraphPad Prism 9.1.

Results

Between October 2014 and March 2015, 362 asthma patients
aged 6—15 years and their caregivers were enrolled and completed
the relevant working questionnaires. Fewer cases than planned
were enrolled due to slower than expected recruitment; however, a
total of 362 cases was considered acceptable from a statistical
perspective. The questionnaires were divided into a development
dataset (n = 243 cases [both patient plus caregiver]) and validation
dataset (n = 119).

Patient and caregiver characteristics

The demographics of patients and their caregivers, and patients'
treatment characteristics, are summarized in Table 1. The mean age
of the patients was 9.7 years, the majority were boys, and the most
common treatments being used were inhaled corticosteroids and
long-acting beta2 agonists. Most caregivers who completed ques-
tionnaires were mothers.

Table 1
Demographics of patients and their caregivers.

Development dataset Validation dataset

(n =243) (n=119)
Patients who completed the 14-item questionnaire
Age (year) mean (SD) 9.7 (2.5) 9.7 (2.7)
Gender boy/girl/not stated, 155/87/1 77/40/2
n
Caregivers who completed the 34-item questionnaire
Relationship to mother/father/ 228/8/7 104/9/6
patient grand parent, n
Primary yes, n (%) 239 (98%) 114 (97%)
caregiver?
Treatment
ICS n (%) 228 (94%) 107 (90%)
ICS dose median (min—max), 200 (50—400) 200 (50—400)
Hg
LABA n (%) 55 (23%) 21 (18%)
LTRA n (%) 177 (73%) 83 (70%)
Omalizumab  n (%) 6 (2%) 1(0.8%)

ICS, inhaled corticosteroids; LABA, long-acting beta2 agonists; LTRA, leukotriene
receptor antagonists; SD, standard deviation.

Table 2

Asthma control defined by physicians' questionnaire and lung function testing.
Development Validation
dataset dataset

Control levels based on JPGL criteria (n=243) (n=119)
Well controlled n (%) 101 (42%) 48 (40%)
Partially controlled n (%) 69 (28%) 33 (28%)
Poorly controlled n (%) 63 (26%) 31 (26%)
Very poorly controlled n (%) 10 (4%) 7 (6%)

FEV1 % predicted by control level (n = 64) (n = 25)
Well controlled mean (SD), n 94.8 (9.5), 26 89.4 (6.2), 10
Partially controlled mean (SD), n 93.8 (14.7), 20 989 (114),9
Poorly controlled mean (SD), n 82.7 (10.0), 14 97.8 (16.3),6
Very poorly controlled mean (SD), n 87.2(20.9), 4 No data

FEV1, forced expiratory volume in 1 s; JPGL, Japanese Pediatric Asthma Guideline;
SD, standard deviation.

Asthma control

Table 2 summarizes asthma control as assessed by the physi-
cians (10-item questionnaire) and based on spirometry-assessed
lung function.

Model development

Logistic regression analysis of the development dataset identi-
fied 7 questions as meeting the criteria for assessment of good
asthma control (Table 3). The selected items included 3 from the
patient questionnaire (self-assessed control status at the time of
the visit and in the past month, nocturnal/early morning asthma

Table 3
Questions selected in a logistic regression model for Best ACT-S.
Questions and response options Adjusted 95% Cl P value
OR
Patient Q1: 1.772 1.052  0.0315
How is your asthma condition today? —2.985
A1: very good, good, a little bad, bad, very bad
Patient Q8: 2.657 1.692  <0.0001
How was your asthma condition in the past —4.174
month?
Al: very good, good, a little bad, bad, very bad
Patient Q13: 1.510 1.055  0.0242
Do you have cough, wheeze, or hiss when you go —2.160
to bed at night or wake up in the morning
because of your asthma?
A13: never, no, sometimes, yes, all the time
Caregiver Q5: 2.720 1.643  0.0001
How often did your child have coughing, wheezing —4.503
and/or whistling in the last 4 weeks?
A5: none, once in 4 weeks, 2—3 times in 4 weeks,
every week, daily
Caregiver Q7: 13.16 2.220 0.0045
How often did your child have difficulty breathing —78.001
due to coughing, wheezing and/or whistling in
the last 4 weeks?
A7: none, once in 4 weeks, 2—3 times in 4 weeks,
every week, daily
Caregiver Q20: 2.130 1303  0.0026
How often did your child require medication -oral —3.483
medication, inhalation, patch, etc. — for asthma
attacks due to coughing, wheezing, and/or
whistling in the last 4 weeks?
A20: none, once in 4 weeks, 2—3 times in 4 weeks,
every week, daily
Caregiver Q29: 7.123 1.373 0.0194

How often was your child hospitalized for —36.948
wheezing and/or whistling in the last 1 year?

A29: none, once, 2 times, 3 times, 4 times, or more

A, answer; CI, confidence interval; OR, odds ratio; Q, question.

Please cite this article as: Matsunaga M et al., Development and validation of a new asthma questionnaire to help achieve a high level of control
in school-age children and adolescents, Allergology International, https://doi.org/10.1016/j.alit.2023.11.001




4 M. Matsunaga et al. / Allergology International xxx (xXxx) Xxx

symptoms) and 4 from the caregiver questionnaire (frequency of
asthma symptoms, dyspnea, rescue beta-agonist use, and asthma
hospitalization). The 7-item model, which showed good statistical
fit with an AIC of 110.5 and AUC of 0.934, was named the Best
Asthma Control Test for School Children and Adolescents (Best ACT-
S). With respect to internal consistency, Cronbach's coefficient o
was 0.952 and 0.837 in the development and validation datasets,
respectively.

Accuracy and validity

ROC curves of Best ACT-S scores for the discrimination of ‘well
controlled/partially controlled’ versus ‘poorly controlled/very
poorly controlled’ asthma based on JPGL classification are shown
for the development and validation datasets in Figure 1. The AUC
was 0.9126 (95% CI 0.8689—0.9563) in the development dataset
and 0.8615 (95% CI 0.7795—0.9435) in the validation dataset.

The performance of Best ACT-S for screening control levels
specified in the JPGL guideline was evaluated, and a cut-off score of
25 provided the best balance between sensitivity and specificity
and best discrimination between patients with ‘well controlled/
partially controlled’ versus ‘poorly controlled/very poorly
controlled’” symptoms, in both the development and validation
datasets (Table 4).

The ability of Best ACT-S to discriminate ‘well controlled’ asthma
from other levels of control (‘partially/poorly/very poorly
controlled’), and to discriminate ‘very poorly controlled’ asthma
from other levels of control (well/partially/poorly controlled) were
also evaluated, and a cut-off score of 27 and 18 appeared the best
balance between sensitivity and specificity to discriminate ‘well
controlled’ and ‘very poorly controlled’ from other levels of control,
respectively (Supplementary Table 5, 6). Due to the small number of
patients with control levels in the categories at both ends, the cutoff
values for the maximum Youden index in the development and
validation datasets did not match; however, we chose these cutoff
values for future clinical applications and higher specificity.

Best ACT-S scores differed in the hypothetical direction among
the individual control levels (well controlled, partially controlled,
poorly controlled, very poorly controlled) in both the development
and validation datasets (Fig. 2), with the highest scores seen for
‘well-controlled’ asthma and the lowest scores seen for ‘very poorly
controlled’ asthma. Based on ANOVA and a Tukey—Kramer post hoc
test, significant differences were found between individual control
levels, except between ‘well controlled’ and ‘partially controlled’ in
the development dataset. Stratified analysis by age group (6—9,

(a)
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Table 4

Cutoff scores of Best ACT-S for differentiation of patients with ‘well controlled/
partially controlled’ versus ‘poorly controlled/very poorly controlled’ asthma
symptoms.

Cutoff point Sensitivity Specificity PPV NPV  Correctly assessed Youden

Development dataset (n = 243)

<22 0.971 0.550 0.830 0.892 0.842 0.521
<23 0.927 0.667 0.863 0.800 0.847 0.593
<24 0.890 0.767 0.896 0.754 0.852 0.656
<25 0.816 0.850 0.925 0.671 0.827 0.666'
<26 0.699 0.933 0.960 0.577 0.770 0.632
<27 0.552 0.967 0.974 0.487 0.679 0.518
<28 0.353 0.983 0.980 0.401 0.546 0.336
Validation dataset (n = 119)
<22 0.971 0.550 0.830 0.892 0.842 0.521
<23 0.927 0.667 0.863 0.800 0.847 0.593
<24 0.890 0.767 0.896 0.754 0.852 0.656
<25 0.816 0.850 0925 0.671 0.827 0.666'
<26 0.699 0.933 0.960 0.577 0.770 0.632
<27 0.552 0.967 0.974 0.487 0.679 0.518
<28 0.353 0.983 0.980 0.401 0.546 0.336

NPV, negative predictive value; PPV, positive predictive value.
T Largest Youden index value and corresponding figures are shown in bold.

10—12, and 13—15 years) yielded similar results (Supplementary
Table 7).

Best ACT-S scores also differed in the hypothetical direction
based on physicians' step-up/step-down treatment decisions and
physicians' rating of asthma control (Fig. 3), with significant dif-
ferences observed between categories based on ANOVA, except
between treatment ‘step down’ and ‘no change’ in the development
dataset and between ‘step up’ and ‘no change’ in the validation
dataset. Best ACT-S scores also differed in the hypothetical direction
based on JPGL-defined severity (Supplementary Table 8), and were
significantly higher in the patients who had asthma exacerbations
in the previous year than those who did not (Supplementary
Table 9). Lung function differed significantly between high and
low Best ACT-S scores (cut-off score 25) in the development dataset
but not the validation dataset (Fig. 4).

Discussion

The Best ACT-S questionnaire was developed to assess asthma
control level, in order to help achieve best asthma control, in
children aged 5—16 years.

Evaluation of asthma control is an important part of the man-
agement of patients with the disease. Current poor control is

(b)
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Fig. 1. Receiver operating characteristic (ROC) curves of Best ACT-S scores to discriminate ‘well controlled/partially controlled’ versus ‘poorly controlled/very poorly controlled’

based on JPGL classification in (a) the development dataset, and (b) the validation dataset.
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predictive of poor control in the future,” and poor control is asso-
ciated with an increased risk of exacerbations and other severe
asthma-related healthcare events, and with worse Ilung
function.>>>618 [t has been shown that it is possible to achieve
guideline-derived asthma control in most patients.'”

Various patient-reported measures are available to evaluate
asthma control in children.'®!"" They allow standardized assessment
and provide a quick overview of a patient's asthma control level
during treatment.!’ The 7-item C-ACT is a widely used validated
instrument for children aged 4—11 years, which includes a visual
scale to assist the child in responding to questions about perception
of asthma control, limitations of activities, coughing and nocturnal
awakening, as well as questions for their caregiver about daytime
symptoms, daytime wheezing and nocturnal awakenings.* How-
ever, it was developed in a predominantly White US population and
there is evidence that it may need some level of cultural tailoring to
improve validity in diverse populations.?’ In addition, the evalua-
tion of control in C-ACT is based on US guidelines and does not
necessarily meet the medical needs in Japan, where a higher level
of asthma control may be aimed for.° For example, patients can
have symptoms for up to 2 days per week and be classified as well
controlled according to the US guidelines,! whereas they would be
classified as poorly controlled according to the JPGL.°

We developed a simple questionnaire to be completed by the
patient and their caregiver, based on the JPGL classification of
control. In the latest JPGL update, the categories are termed ‘good’,
‘relatively good’ and ‘poor’.” However, at the time the model was
developed, JPGL used the terms ‘well controlled’, ‘partially
controlled” and ‘poorly controlled’,'> and we have retained this
terminology for our model. The final model comprised 7 questions,
3 of which were answered by the child and 4 by their caregivers. It
showed good discrimination between ‘well controlled/partially
controlled’ and ‘poorly controlled/very poorly controlled’ (based on
JPGL classification), with an AUC of 0.913 in the development
dataset and 0.862 in the validation dataset. It also showed good
discrimination between ‘well controlled’ asthma and lower levels
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Fig. 4. Comparison of lung function between high and low Best ACT-scores for the development dataset (a,b,c) and the validation dataset (d,e,f). Student t test, *p < 0.05, **p < 0.01,
ns = not significant. ¥FEV1 = forced expiratory volume in 1 s % predicted, MEF50 = maximal expiratory flow at 50% of the forced vital capacity % predicted, sMMF = mean

maximal flow % predicted.

of asthma control. Best ACT-S scores differed in the expected di-
rection across the individual control levels, and based on step-up/
step-down treatment decisions, physician's rating of asthma con-
trol, and lung function.

Lung function reflects the physiological properties of the lungs
and is an important biomarker for asthma severity, control, and
future outcomes.”>?> However, lung function measurements in
children are more variable than in adults due to both the physiology
of the chest wall muscles as well as cognitive development, which
may influence test quality and biological variability.>* As a result, a
lack of correlation between lung function and clinical phenotypes
of asthma has been reported®>?% and evaluation of asthma should
be comprehensive, including control levels. Nonetheless, in this
study, lung function parameters in subjects with low Best ACT-S
scores were significantly lower than those with high scores in the
development cohort. Due to the highly variable nature of lung
function measurement in children, the lack of the trend in the
validation cohort with fewer subjects may have been inevitable. In
addition, there was no subject who experienced hospitalization due
to asthma exacerbation (which could affect lung function) within
the past 4 weeks and only 1 subject within the past 12 months in
the validation dataset, whereas there were 3 subjects with hospi-
talization within the past 4 weeks and 12 months in the develop-
ment dataset (data not shown). Further studies are needed to
confirm that Best ACT-S may represent lung function in children
and adolescents.

We previously developed the Best ACT-P questionnaire for
preschool children, a validated instrument that is completed by
parents/guardians.’® As a starting point for the development of the
Best ACT-S questionnaire in the current study, we were able to use
the working questionnaire for caregivers and the physician ques-
tionnaire that had both been developed as preparation for con-
structing the Best ACT-P instrument. The two questionnaires can
serve as companion instruments for use in relevant pediatric age
groups when aiming for best possible asthma control.

The main limitation of the current study is that fewer patients
were enrolled than were planned, which could potentially have
affected some results. For example, although clear trends were
evident, statistical significance was not achieved in all ANOVA an-
alyses, possibly because of the smaller sample size. In addition, the
instrument was developed in a Japanese population, and further
studies will be needed to confirm it is appropriate for use in other
populations. Another limitation may be the wide age range covered
by the Best ACT-S, from 6 to 15 years old. There may be differences
in understanding between younger children and adolescents for
the same questions. Parents may not be fully aware of the health
status of their adolescents. To address this issue, we conducted a
post-hoc analysis by age group and found an identical trend in each
age group. Therefore, the questionnaire we developed can be
applied for all ages from 6 to 15 years.

In conclusion, the patient/caregiver-completed Best ACT-S
questionnaire has been developed to assess asthma control level,
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and to help achieve best asthma control, in children aged 6—15
years. It was developed and validated in a Japanese population and
additional studies are needed to validate its use in ethnically and
culturally diverse populations around the world.
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Supplementary Table 1 ~ 14-Item working questionnaire for patients aged 6—15 years

Please circle the answer which applies to you.

1) How is your asthma condition today?

S0 6

Very Good Good A Little Bad Bad Very Bad

2) Do you cough because of your asthma?

508600

Never Sometimes Yes All The Time

3) Have you felt out of breath because of your asthma?

S0 6

Never No Sometimes Yes All The Time

4) Have you ever experienced any chest pain or tightness because of your asthma?

S0 6

Never Sometimes Yes All The Time
5) Have you ever exI erienced ani puffing and panting because of your asthma?
Never Sometimes Yes All The Time

6) Have you ever woken up in the middle of the night coughing or being out of breath?

S0 88

Never Sometimes Yes All The Time

Do you feel troubled in your daily life because of asthma?

S0 6 &

Not at all No A Little Yes All The Time



8)

9)

10)

11)

12)

13)

14)

How is your asthma condition in the past month?

S0 6

Very Good Good A Little Bad Bad Very Bad

Have you ever experienced any puffing and panting during PE class or club activities?

Never Sometimes Yes All The Time
Do you have any i roblems durlnI PE class or club activities because of your asthma?
‘ @

Not at all A Little All The Time

Have you ever experienced any puffing and panting when inhaling smoke or cold air?

S060660 06

Never Sometimes All The Time

Do you wake up in the middle of the night because of your asthma?

506800

Never Sometimes Yes All The Time

Have you ever experienced any puffing and panting when sleeping at night because of your asthma?

00886

Never Sometimes All The Time
Do you have any problems at school because of your asthma?

N ever Sometlmes Yes All The Time

Thank you for your participation!



Supplementary Table 2

The 34-item working questionnaire for caregivers.

The following questions are about how often your child has had asthma-related symptoms in the last 4
weeks. Even though questions may appear to be similar or repeated, answer all questions.

Once

2-3
times Every

None in4 in4  week Daily
weeks
weeks
Q.01  How often did your child have wheezing and/or
whistling when exhaling (breathing out) in the last 4 o o o o o
weeks?
Q.02  How often did your child have coughing in the last 4
m m m m m
weeks?
Q.03  How often did your child have wheezing and/or a o a a a
whistling during a common cold in the last 4 weeks?
Q.04  How often did your child have coughing during a a o a a a
common cold in the last 4 weeks?
Q.05  How often did your child have coughing, wheezing q o a a q

and/or whistling in the last 4 weeks?

though some appear to be similar or repeated.

The following questions are about the frequency of intense (strong) asthma symptoms occurring with
dyspnea (shortness of breath) that your child has had in the last 4 weeks. Answer all questions even

Once

2-3
times Every

None in4 4 week Daily
weeks
weeks
Q.06  How often did your child breathe hard with shoulders o a a a
rising and falling even at rest in the last 4 weeks?
Q.07  How often did your child appear to have difficulty
breathing due to coughing, wheezing and/or o mi o o o
whistling in the last 4 weeks?
Q.08  How often did wheezing and/or whistling keep your
child from playing and eating meals in the last 4 o i o o o

weeks?




The following questions are about the frequency of asthma symptoms that your child has had at night and

morning in the last 4 weeks. Even though questions may appear to be similar or repeated, answer all

questions.
2-
Once timzs Every
None in4 . Daily
weeks in4  week
weeks
Q.09  How often did your child not sleep well due to
nighttime coughing, wheezing and/or whistling in the o m o o o
last 4 weeks?
Q.10  How often was your child unable to sleep at night or
did your child wake in the early morning due to . . . a
coughing, wheezing and/or whistling in the last 4
weeks?
Q.11  How often did your child wake due to nighttime
coughing, wheezing and/or whistling in the last 4 o o o o o

weeks?

The following questions are about the frequency of disruption of daily life due to asthma symptoms that

your child has had in the last 4 weeks. Even though questions may appear to be similar or repeated,

answer all questions.

2-3
Once .
. times Every .
None in4 . Daily
in4  week
weeks
weeks
Q.12 How often did your child have to be absent from a
childcare center or kindergarten or you have to . . . a
change your family schedule due to your child’s
wheezing and/or whistling in the last 4 weeks?
Q.13 How often were you prevented from doing household
tasks and work due to your child’s wheezing and/or | o O i o
whistling in the last 4 weeks?
Q.14  How often were you unable to sleep at night due to
your child’s wheezing and/or whistling in the last 4 o mi mi mi o

weeks?




The following questions are about the frequency of asthma symptoms triggered by slight stimulation that
your child has had in the last 4 weeks. Even though questions may appear to be similar or repeated,
answer all questions

2-3

Once .
times Every

N . .
one in4 4 week Daily
weeks
weeks
Q.15  How often did your child have coughing, wheezing
and/or whistling when romping, running around, or m m o o o
crying intensely in the last 4 weeks?
Q.16  How often did your child have coughing, wheezing
and/or whistling after breathing smoke from . . . .

cigarettes/fireworks, etc., dust, or cold air in the last 4
weeks?

The following questions are about the severity of asthma symptoms that your child has had in the last 4
weeks. Even though questions may appear to be similar or repeated, answer all questions.

None  Mild Slightly Severe very
severe severe
Q.17  How severe has your child’s coughing, wheezing q 5 q q 5
and/or whistling been in the last 4 weeks?
Q. 18  How severe has nighttime coughing, wheezing . 5 . . 5
and/or whistling been in the last 4 weeks?
Q.19  How severe has coughing, wheezing and/or
whistling been when your child was romping, o a a o

running around, or crying intensely in the last 4
weeks?

The following questions are about how often your child had to be treated for asthma in the last 4 weeks.
Even though questions may appear to be similar or repeated, answer all questions.

2-3

Once .
times Every

N in 4 Dail
one 1 in4  week ay
weeks
weeks
Q.20  How often did your child require medication — oral
medication, inhalation, tape, etc. — for asthma attacks 5 5 5 5 5
due to coughing, wheezing and/or whistling in the
last 4 weeks?
Q.21  How often did your child require inhaled medication
for asthma attacks due to coughing, wheezing and/or
whistling in the last 4 weeks?
m m m m m

Note: For cases of medication for asthma attacks
taken or inhaled continuously for several days, count
the frequency as “once.”




The following questions are about how often treatment for intense asthma attacks was required for your
child in the last 4 weeks. Even though questions may appear to be similar or repeated, answer all

questions.
4
None Once Twice . tmes
times or
more
Q.22  How often was your child hospitalized for wheezing . . . . .
and/or whistling in the last 4 weeks?
Q.23  How often was your child administered oral steroids
— Predonin, Rinderon, Decadron, etc. — in the last 4 ] o o | m|
weeks?
Q.24  How often did your child have unscheduled visits to
medical institutions — unscheduled visits in the . . . . .
daytime, after-hours such as at night or on holidays —
due to wheezing and/or whistling in the last 4 week?
Q.25  How often was your child administered drip
infusions or injections for wheezing and/or whistling
at outpatient clinics in the last 4 weeks?
m m m m O

Note: For cases of steroids taken or inhaled
continuously for several days, count the frequency as
“once.”

The following questions are about how often visiting an emergency room or hospitalization was required
for your child in the last 3 months or 1 year. Even though questions may appear to be similar or repeated,

answer all questions.

4
None Once Twice . 3 tmes
times or
more
Q.26  How often did your child have unscheduled visits to
medical institutions — unscheduled visits in the
daytime, after-hours such as at night or on holidays — | | | i mi
due to wheezing and/or whistling in the last 3
months?
Q.27  How often was your child hospitalized for wheezing q q q a o
and/or whistling in the last 3 months?
Q.28  How often did your child have unscheduled visits to
medical institutions — unscheduled visits in the . . 5 5 5
daytime, after-hours such as at night or on holidays —
due to wheezing and/or whistling in the last 1 year?
Q.29  How often was your child hospitalized for wheezing q q a o

and/or whistling in the last 1 year?




The following questions are about how often your child has had asthma-related symptoms in the last 4
weeks. Even though questions may appear to be similar or repeated, answer all questions.

None Occasionally Sometimes Often Always

Q.30 How often did your child have wheezing
and/or whistling when breathing out in the | o o o o
last 4 weeks?

Q.31 How often did your child have coughing

in the last 4 weeks? - . - - -
Q.32 How often did your child have wheezing
and/or whistling during a common cold in | o o o o
the last 4 weeks?
Q.33 How often did your child have coughing a o a a 4
during a common cold in the last 4 weeks?
Q.34 How often did your child have coughing,
wheezing and/or whistling in the last 4 | O | i i

weeks?




Supplementary Table 3  Physician’s questionnaire assessing asthma control

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q10

How often have obvious asthma symptoms associated with dyspnea or continuing for one or more days

occurred?

(1) none for 3 months or longer; (2) none within 1 month but any within 3 months; (3) once or more but less

than 4 times in the past month; (4) 4 times or more in the past month

How often did mild asthma symptoms such as coughing or wheezing of short duration occur in the last 4

weeks?
(1) none; (2) once or more but less than 4 times in the past month; (3) more than once per week, not daily;
(4) daily
How often did symptoms suggesting airway hyperresponsiveness triggered by intense crying, hard
laughing, romping, etc., occur in the past 4 weeks?
(1) none; (2) once or more but less than 4 times in the past month; (3) more than once per week, not daily;
(4) daily
How often was the child patient’s daily living disturbed by asthma in the past 4 weeks?
(1) none; (2) once or more but less than 4 times in the past month; (3) more than once per week, not daily;
(4) daily
How often did the child patient wake up during the night due to coughing or wheezing in the past 4 weeks?
(1) none; (2) once or more but less than 4 times in the past month; (3) more than once per week, not daily;
(4) daily
How often did you use f2-stimulator to treat asthma in the past 4 weeks?

(1) none; (2) once or more but less than 4 times in the past month; (3) more than once per week, not daily;
(4) daily
How often was the child patient hospitalized or treated with systemic steroids — oral and/or intravenous —
for asthma exacerbation in the past year?
(1) none; (2) 1 time; (3) 2 times; (4) 3 times or more
Overall, what is the severity (based on symptoms regardless of treatment) of the patient? Note: Use
JPGL2008 criteria.
(1) intermittent; (2) mild persistent; (3) moderate persistent; (4) severe persistent
Did you change the controller medication on this visit?
(1) stepped down; (2) no change; (3) stepped up
Overall, how has the child patient’s asthma control been in the past 4 weeks? Note: Base this answer on
criteria you consider appropriate.

(1) well-controlled; (2) partially controlled; (3) poorly controlled; (4) not controlled



Supplementary Table 4  JPGL classification of asthma control in children aged 0—15 years

Totally controlled®*  Well controlled? Uncontrolled®
Minor asthma None >1x/mo, <1x/wk >1x/wk
symptoms”
Major asthma None None >1x/mo
symptoms®©
Limitation of None None (or minimal)  >Ix/mo
activities
Rescue use of None >1x/mo, <1x/wk >1x/wk
SABA

Current control status is assessed based on asthma-related symptoms during the previous 4 weeks.
b. Minor asthma symptoms: transient/short-lasting wheeze or cough after exercise, laughing/crying, or at wake-up,
and night-time cough of short duration without awakening.

c. Major asthma symptoms: severe cough or wheeze with dyspnea lasting/recurring day and night.

JPGL = Japanese Pediatric Guidelines for the treatment and management of bronchial Asthma;

SABA = short acting beta2 adrenergic agonists.
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Supplementary Table 5  Cutoff scores of Best ACT-S: well controlled versus partially controlled/
poorly controlled/very poorly controlled

Cutoff Correctly
point Sensitivity Specificity PPV NPV assessed  Youden
Development dataset (n=243)
22 1.000 0.316 0.497 1.000 0.592 0.316
23 0.937 0.385 0.507 0.900 0.607 0.321
24 0.911 0.462 0.533 0.885 0.643 0.373
25 0.861 0.556 0.567 0.855 0.679 0.416
26 0.785 0.684 0.626 0.825 0.724 0.469
27 0.671 0.795 0.688 0.782 0.745 0.466
28 0.456 0.889 0.735 0.707 0.714 0.345
Validation dataset (n=119)
22 0.977 0.382 0.500 1.000 0.561 0.359
23 0.954 0.491 0.494 1.000 0.551 0.444
24 0.861 0.582 0.478 1.000 0.520 0.442
25 0.837 0.727 0.457 1.000 0.480 0.565
26 0.744 0.818 0.443 1.000 0.449 0.562
27 0.605 0.855 0.439 0.439 0.459
28 0.465 0.891 0.439 0.439 0.356

NPV = negative predictive value, PPV = positive predictive value.
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Supplementary Table 6  Cutoff scores of Best ACT-S: well controlled/partially controlled/poorly

controlled versus very poorly controlled

Cutoff Correctly
point Sensitivity Specificity PPV NPV assessed  Youden
Development dataset (n=243)
17 0.625 0.957 0.385 0.984 0.944 0.5824
18 0.875 0.931 0.350 0.994 0.929 0.8059
19 0.875 0.915 0.304 0.994 0.913 0.7899
20 0.875 0.872 0.226 0.994 0.872 0.7473
21 0.875 0.840 0.189 0.994 0.842 0.7154
22 1 0.777 0.160 1.000 0.786 0.7766
Validation dataset (n=119)
17 1.000 0.925 0.417 1.000 0.929 0.925
18 1.000 0.893 0.333 1.000 0.898 0.893
19 1.000 0.871 0.294 1.000 0.878 0.871
20 1.000 0.850 0.263 1.000 0.857 0.850
21 1.000 0.817 0.227 1.000 0.827 0.817
22 1.000 0.742 0.172 1.000 0.755 0.742

NPV = negative predictive value, PPV = positive predictive value.
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Supplementary Table 7
ACT-S: control levels

Age group-stratified evaluation of the criterion-based validity of Best

Control levels ANOVA Test for linear
Best ACT-S score, mean (SD), n trend
Well- Partially Poorly Very F  Pvalue R? Pvalue
controlled  controlled controlled poorly
controlled
Development dataset
Age 6-9 26.5(1.8), 254(2.2), 209(3.4), 158(4.8), 42.7 <0.001 0.58 <0.001
group 38 21 32 5
(years)
10-12  27.0(1.6), 25.3(2.5), 21.5(3.6), 14.0(-), 22.8 <0.001 0.51 <0.001
30 23 15 1
13-15  26.0(2.3), 26.2(2.0), 22.2(2.9), 14.0(5.7), 164 <0.001 0.65 <0.001
11 13 5 2
Validation dataset
Age 6-9 25.8(2.4), 23.8(3.3), 21.0(4.3), 14.0(2.8), 11.3 <0.001 0.43 <0.001
group 19 12 16 2
(years) 10-12  27.0(2.0), 25.3(2.1), 21.1(4.1), 13.3(29), 23.5 <0.001 0.69 <0.001
14 8 10 3
13-15  26.7(0.9), 26.0(1.7), 12.0(-), - 77.0 <0.001 0.93 <0.001
10 3 1
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Supplementary Table 8

severity levels

Evaluation of the criterion-based validity of Best ACT-S: JPGL-defined

Severity ANOVA Test for linear
trend
Intermittent Mild Moderate Severe F  Pvalue R? Pvalue
persistent  persistent  persistent
Development dataset
n 126 45 21 6
Best ACT-S score, 26.2(2.2) 223(3.5) 21.7(5.1) 16.5(1.8) 40.6 <0.001 0.39 <0.001
mean (SD)
Validation dataset
n 59 24 9 3
Best ACT-S score, 25.8(2.5) 21.8(3.7) 16.8(4.3) 15.7(8.1) 30.4 <0.001 0.50 <0.001

mean (SD)
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Supplementary Table 9  Evaluation of the criterion-based validity of Best ACT-S: exacerbations
in the previous year

N Mean (SD) P
Development dataset
No exacerbations 177 249 (3.4)
<0.0001
Exacerbations 22 21.0 (5.6)
Validation dataset
No exacerbations 87 25.3(0.6)
. <0.0001
Exacerbations 8 16.1 (5.3)
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Supplementary Table 10

List of investigators

Name

Institution

National Hospital Organization Mie National Hospital, Japan

Takao Fujisawa MD

(Principal Investigator)

Allergy Center, National Hospital Organization Mie National Hospital

Mizuho Nagao, MD

Allergy Center and Department of Pediatrics, National Hospital

Organization Mie National Hospital

Mayumi Matsunaga, MD
(First author)

Allergy Center, National Hospital Organization Mie National Hospital,

and Hamamatsu University Graduate School of Medicine

Okayama University

Masanori Ikeda, MD

Department of Pediatrics, Okayama University Graduate School of

Medicine, Dentistry and Pharmaceutical Sciences

National Hospital Organization Fukuoka National Hospital, Japan

Chikako Motomura MD

Department of Pediatrics, National Hospital Organization Fukuoka

National Hospital

Osaka Habikino Medical Center

Makoto Kameda, MD

Department of Pediatrics, Osaka Habikino Medical Center

Yukinori Yoshida, MD

Department of Pediatrics, Osaka Habikino Medical Center

Fukui University

Yusei Ohshima, MD

Department of Pediatrics, Fukui University Graduate School of Medicine

Osaka Saiseikai Nakatsu Hospital

Yukiko Hiraguchi MD

Center of Allergy and Clinical Immunology, Osaka Saiseikai Nakatsu
Hospital

Hamamatsu University Graduate School of Medicine

Isao Miyairi, MD, PhD.

Department of Pediatrics, Hamamatsu University School of Medicine

Pediatric Clinics in Japan

Masataka Shimatani, MD

Shimatani Pediatric Clinic

Gyokei Murakami MD

Murakami Pediatric & Allergy Clinic

Yuichi Tabata, MD

Hassam Pediatric and Allergy Clinic

Reiko Tokuda, MD

Tokuda Family Clinic

Kiwako Ikeda MD

Ikeda Pediatric Clinic

LePAT Steering Committee

Yuhei Hamazaki, MD

Department of Pediatrics, Saga University School of Medicine

Ken-ichi Tokuyama, MD

Department of Pediatrics, Saitama Medical University

Takao Fujisawa, MD

Allergy Center, National Hospital Organization Mie National Hospital
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Akihiko Terada, MD

Terada Allergy and Pediatrics Clinic

Kazuki Sato, MD

Department of Pediatrics, National Hospital Organization Shimoshizu

National Hospital

Katsushi Miura, MD

Department of Allergy, Miyagi Children’s Hospital

Hirokazu Arakawa, MD

Department of Pediatrics, Gunma University Graduate

School of Medicine

Masafumi Zaitsu, MD

Department of Pediatrics, National Hospital Organization Ureshino

Medical Center

Tatsuo Sakamoto, MD

Chukyo University School of Health and Sport Sciences

Tetsuya Takamasu, MD

Department of Allergy, Kanagawa Children’s Medical Center

Naoki Shimojo, MD

Department of Pediatrics, Chiba University School of Medicine

Makoto Kameda, MD

Department of Pediatrics, Osaka Habikino Medical Center

Hiroyuki Mochizuki, MD

Department of Pediatrics, Tokai University Hachioji Hospital

Toshio Katsunuma, MD

Department of Pediatrics, Daisan Hospital, The Jikei University School of

Medicine

Hiroshi Tachimoto, MD

Department of Pediatrics, The Jikei University School of Medicine

Koichi Yamaguchi, MD

Department of Pediatrics, Tokai University Hachioji Hospital

Kei Masuda, MD

Department of Nursing, Wayo Women’s University

Yuichi Adachi, MD

Department of Pediatrics, Toyama University School of Medicine

Yusei Oshima, MD

Department of Pediatrics, Fukui University Graduate School of Medicine

Shigemi Yoshihara, MD

Department of Pediatrics, Dokkyo University School of Medicine
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