Received: 14 August 2022

W) Check for updates

Accepted: 26 January 2023

DOI: 10.1002/ppul.26342

REVIEW

[ ;|
rs\'kldvuwoumom W ILEY

Validity of the Childhood Asthma Control Test in diverse
populations: A systematic review

Francesca Chu BS! |

Valerie G. Press MD, MPH2

1Department of Medicine, Section of General
Internal Medicine, University of Chicago,
Chicago, lllinois, USA

2Department of Pediatrics, Section of
Academic Pediatrics, University of Chicago,
Chicago, lllinois, USA

Correspondence

Anna Volerman, MD, Department of Medicine,

Section of General Internal Medicine,
University of Chicago, 5841 South Maryland
Ave, MC 2007, Chicago, IL 60637, USA.
Email: avolerman@uchicago.edu

Funding information
National Heart, Lung, and Blood Institute

Nicole Kappel MS? |

Mary Akel MPH? |
| Jason T. Alexander MD*® | Anna Volerman MD??

Abstract

Purpose: We examined the validity of the Childhood Asthma Control Test (C-ACT)
and identified recommended thresholds for uncontrolled asthma in children from
varying backgrounds.

Methods: A systematic literature review was performed utilizing PubMed, Ovid
Medline, SCOPUS, CINAHL, and conference proceedings. Studies were included if
they enrolled children, had a primary outcome of asthma control, examined test
validity or psychometrics, and utilized the C-ACT. Along with study design and
demographic data, we extracted all outcomes and comparisons used to validate the
C-ACT. We evaluated risk of bias using the COSMIN Risk of Bias tool. Our protocol
was registered with PROSPERO (CRD42020211119).

Results: Of 4924 records screened, 28 studies were included. Studies were
conducted internationally and published between 2007 and 2018. Average number
of enrolled participants was 193 (SD = 155, range = 22-671). Ten studies calculated
Cronbach's a (mean [SD] = 0.78(0.05), range = 0.677-0.83). Thirteen studies recom-
mended cut-offs for uncontrolled asthma (<18-<24). Nine studies found significant
agreement or correlation between C-ACT and Global Initiative for Asthma
guidelines/physician assessment of asthma control (correlation coefficients
range = 0.219-0.65). Correlation coefficients between C-ACT and spirometry were
<0.6 in five of six studies that included spirometry. Kappa values for C-ACT and
various spirometry measurements ranged 0.00-0.34.

Conclusions: The C-ACT showed good internal consistency and mixed levels of
agreement and correlation with various clinical asthma measures. Recommended
cut-offs for asthma control varied and had no consistent relationship with
nationality, race, ethnicity, or language. Few studies examined cross-cultural validity
and multiple populations remain under-studied.
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1 | INTRODUCTION

Asthma symptom prevalence varies up to 13-fold between countries?
with a mean of 9.9%.% In the United States, Black (15.7%) and Puerto
Rican (12.9%) youth disproportionately affected as compared to non-
Hispanic white children (7.1%),* with such disparities extending to
morbidity (e.g., emergency department visits, hospitalizations).*>

To effectively treat asthma and address such disparities, tailored
strategies are necessary to minimize symptoms and exacerbations as
well as the associated morbidity and costs.® Providing appropriate
treatment relies on accurate characterization of asthma control.”® In
clinical and research settings, asthma control is assessed using
various methods, including objective measures of lung function,
physician assessment, and self-administered questionnaires.”°

The Childhood Asthma Control Test (C-ACT)”*! is among the
most used assessments of asthma control for children under 12 years,
was specifically designed for children,'? and is further distinguished
from other assessments by its use of pictures.!* The C-ACT was
created in the United States in the 2000s to assess asthma control in
children 4-11 years old. The tool consists of seven questions that
collect information from both the child and the caregiver. For the child,
there are four questions with answers on a Likert scale defined with
words and pictures of a child's face. For the caregiver, there are three
questions with answers on a Likert scale defined with words alone.
When the C-ACT was developed, a score of 19 or less (out of 27) was
defined as the cut-off to indicate uncontrolled asthma.!?

To develop the C-ACT, Liu et altt developed a conceptual
framework and designed a 21-item questionnaire based on literature
review and child/caregiver interviews. The resulting response option
was a four-point Likert scale with pictures of a child's face “to facilitate
comprehension by younger children.”** Faces of different genders were
tested; however, there was no mention of testing faces of different
nationalities, races, or ethnicities.** The face pictured on the C-ACT has
characteristics consistent with a prototype of White faces, such as
lighter skin and hair.2®> Then, the questionnaire was refined in a cross-
sectional study with 343 4-11 year old children from nine clinics to
compare questionnaire responses to specialists' ratings of asthma
control. Subsequently, seven questions were selected for the C-ACT
based on their predictive abilities. A cut-off score for uncontrolled
asthma (<19) was selected to achieve a high sensitivity for identifying
patients with uncontrolled asthma while balancing accuracy and clinical
validity.!? The study population had a disproportionately higher
percentage of White children than the US (68.13% White, 11.11%
Afro-Caribbean/African American, 4.39% Asian/Indian, 5.85% Hispanic/
Latino/Spanish American, 0.58% Native American, 9.94% other).!*

Since it was first developed and validated, the C-ACT has been
tested across different populations in numerous studies, with varying
conclusions regarding its validity. While these studies have focused on
several specific items, including images, language, and cut-off scores to
define asthma control, the validity of the C-ACT has not been
systematically examined across diverse populations. As such, this review
aimed to examine whether C-ACT thresholds to define asthma control
differed based on the child's nationality, race, ethnicity, and language. By

answering this question, we will determine whether re-interpretation of
cut-offs or use of cultural tailoring, including for images, may be needed

to improve the validity of the C-ACT in certain populations.

2 | METHODS

This systematic review focused on studies examining the validity of
the C-ACT in varying populations. We conducted this work in
alignment with PRISMA guidelines.'* The protocol was registered a
priori on PROSPERO (registration number CRD42020211119).

2.1 | Information sources and search strategy

We performed a computerized search of the literature using medical
subject headings (MeSH) and keywords with the following search
terms: (child OR pediatric OR childhood OR adolescent) AND Asthma
AND (“Control Disease” OR “Asthma Control” OR “disease control”).
The following electronic databases were searched on October 15,
2020: PubMed, Ovid Medline, SCOPUS, and CINAHL. We also
conducted a search in October 2020 of the gray literature with
conference proceedings from the following organizations: American
Academy of Allergy, Asthma & Immunology, American Thoracic Society,
CHEST, and Pediatric Academic Societies. No study design, date, or
language requirements were imposed on the search. These search

strategies were developed in consultation with a medical librarian.

2.2 | Screening

Titles and abstracts of the identified articles were reviewed
independently by one of three authors (A. V., F. C., N. K.). Articles
were excluded if they included only adult participants, did not pertain
to asthma, were not related to disease control, did not focus on test
validity or psychometrics, and/or focused on basic science only. Of
the excluded articles, 10% were reviewed by an additional reviewer
(kappa =0.99). When a reviewer was unsure about eligibility, the
three reviewers discussed until agreement was reached.

Next, articles were reviewed in full to determine whether the
C-ACT was utilized in the study. Along with the above reasons for
exclusion, articles were excluded if the full-text was not available
(only abstract available), if the article was not available in English,
and/or if the study did not utilize the C-ACT.

2.3 | Data extraction

Two authors (F. C., N. K.) used a standardized tool to extract data for
all articles. Specific data elements included title, authors, publication
year, funding sources, and regulatory approval (e.g., IRB). Regarding
study design, data was extracted about site information (location,
type, number of sites), language of C-ACT, enrollment dates, inclusion
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criteria, sample size, validity types assessed, and comparison groups.
Characteristics of study participants, such as age, race, ethnicity, and
sex, were recorded. C-ACT comparisons were extracted in the
following areas when available: spirometry (FEV), nitric oxide, Global
Initiative for Asthma (GINA), and change in therapy. All relevant
statistics (e.g., kappa, correlation coefficients, area under curve) were
extracted for these comparisons when available. Finally, we extracted
Cronbach's a and any recommended cut-offs for the C-ACT. For
studies that included additional age groups (i.e., group of older
children who completed ACT), we extracted and reported only data

pertaining to the group that received the C-ACT.

2.4 | Analysis

The extracted information was collected in a spreadsheet, which was
then cleaned and organized. We identified commonly used compari-
sons to the C-ACT. Descriptive analysis was performed to summarize
available variables and outcomes in the studies with proportions,

means, standard deviations, medians, and ranges as appropriate.

2.5 | Risk of bias assessment

Risk of bias was assessed for each article using the COSMIN Risk of Bias
tool.r> Two authors (F. C., N. K)) initially completed the entire tool (boxes
1-10) for three included studies and reviewed findings with the team.
Based on these findings and the goals of this review, we identified six
items from the tool as most relevant to our research objective: internal
consistency (box 4), cross-cultural validity/measurement invariance
(box 5), reliability (box 6), measurement error (box 7), criterion validity
(box 8), and hypotheses testing for construct validity (box 9). Box 1
(patient-reported outcome measure development) was assessed previ-
ously*® and therefore did not need to be re-assessed.’” Box 2 (content
validity) focuses on patient and physician perspectives of the relevance,
comprehensiveness, or comprehensibility of the patient-reported out-
come measure,'” which were not part of studies in this review and thus
this Box was not assessed. One reviewer (F. C.) assessed each article for
risk of bias using these six items, and another reviewer (N. K.) completed
these items in duplicate for three studies, with good agreement
(kappa =0.87). GINA guidelines and physician assessment were con-
sidered the “gold standard” for criterion validity (box 8). Scores for each
item were reported using the “worst score counts” principle, consistent
with the COSMIN Risk of Bias user manual.1®

3 | RESULTS
3.1 | Study selection
Our initial search of the databases and conference proceedings

identified a total of 11,709 records. After removing duplicates, 4924
records remained and were screened in the title and abstract review.

i)

Of these, 152 were selected for full-text review and 28 were
included in our study (Figure 1). Among the records excluded, three
studies (two in Japanese, one in Spanish) were removed because they

lacked English translation.

3.2 | Study characteristics

The included studies (Table 1) were published between 2007 and
2018. Of the 28 studies included, five were conducted in the United
States, 11821 gight in Asia (East, South, or Southeast Asia),2% %%
eight in Europe, %374 four in the Middle East,*®~*! two in South

1242 and one in Africa.*® Twenty-two studies reported the

America,
language used to administer the C-ACT, and the languages
varied.1112:18.19.22-2629.31,3234-43 |y pine studies reported the
race or ethnicity of participants.111218-21394243 Qyerall, 5400
subjects were included across all of these studies. The average
number of enrolled participants was 193 (SD = 155, range = 22-671).
Gender of the study participants ranged from 47% to 72% male, and
participants ranged from 4 to 14.2 years old. Three studies included
children outside of the C-ACT's intended age range of 4-11, instead
including ages 5-14,%” 4-12,%% and 4-14.2.%°

The most commonly reported types of validity studied were

11,18,19,29,36,37

clinical validity (six studies), construct validity (four

11,21,36,42

studies), and criterion validity (three studies)?%3842

(Table 2). Seventeen studies did not mention any type of validity.

3.3 | Risk of bias

All studies were rated in at least one category in the risk of bias tool.
Ten of 28 studies were rated for internal consistency; three for cross-
cultural validity; seven for reliability; 20 for criterion validity; and 21
for hypothesis testing for construct validity. Studies were not rated in
a given category if they did not assess the relevant type of validity.
Six studies were rated as “doubtful” or “inadequate” in at least one
category under the COSMIN Risk of Bias tool (Table 3) primarily
because of small sample sizes or failure to describe sub-
groups.1819:24.30.3843 |nternal consistency and criterion validity were
rated as “very good” for all included studies looking at relevant
outcome measures. All studies examining reliability received an
“adequate” rating for reliability, primarily because they calculated
intraclass correlation coefficient but did not report the model or
formula of the intraclass correlation coefficient. Ratings for cross-
cultural validity/measurement invariance and hypothesis testing for

construct validity were more variable.
3.4 | Internal consistency
Ten studies reported Cronbach's a as a measure of internal

consistency of the C-ACT.1112:19.21,22,36-38:41.42 Cronpbach's a values

ranged from 0.677 to 0.83 (mean =0.78, SD = 0.05).
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Records identified from databases and
- conference proceedings (n = 11,709): Records removed before
o PubMed (n = 3,250) screening:
§ Ovid MEDLINE (n = 2,496) v Duplicate records (n = 6,785)
= SCOPUS (n = 3,922)
= CINAHL (n = 786)
§ American Academy of Allergy, Asthma
and Immunology (n = 1,160) — N
i American Thoracic Society (n = 42) Records excluded (n = 4,523)™
CHEST (n = 19) Not focused on validity or
Pediatric Academic Societies (n = 34) psychometrics (n = 3,879)
Not related to disease control
(n=373)
) Includes only adults (n = 303)
v Not pertain to asthma (n = 207)
Records screened (n = 4,924) " Fo;:g;)on basic science (n =
\4
% Reports sought for retrieval (n = 152) »| Reports not retrieved (n = 0)
8
A ! Reports excluded (n=124)":
Not focused on validity or
Reports assessed for eligibility (n = 152) N psychometrics (n = 79)
"]  Does not use C-ACT (n = 20)
Full text or English translation
not available (n = 16)
Includes only adults (n = 9)
Not related to disease control
) (n=1)
Studies included in review (n = 28)
§ Reports of included studies (n = 28)

FIGURE 1 PRISMA flow diagram of study identification and inclusion. [Color figure can be viewed at wileyonlinelibrary.com]

3.5 | Cut-offs

In addition to the original study by Liu et al.*’ 13 other
studies identified a recommended cut-off for uncontrolled
asthma, ranging from <18 to <24.19:20.23.25-29.35.36.38.39.41 (¢
these 13 studies, three recommended the original cut-off of

<19,2627:38 qight recommended a cut-off higher than the

originaI,19’23’25’28’35'36'39'41 and two recommended a lower cut-
off of <18.292? When examining the studies by region, three of
eight studies done in Asia,?®?>2® two of four in the Middle

t,39:41 35:36 recommended a cut-off

Eas and two of eight in Europe
higher than <19. The remaining study that recommended a higher
cut-off enrolled a population composed of 76.1% participants of
Mexican descent in the United States.® Additionally, one of eight
studies from Asia?’ and one of five from the United States?®

recommended a lower cut-off of <18.

3.6 | Comparisons to C-ACT

GINA guidelines, physician assessment of asthma control, spirometry,
fractional exhaled nitric oxide (FeNO), and change in therapy were
identified as the commonly used comparisons to the C-ACT. GINA
guidelines/physician assessment of asthma control and spirometry
were the most commonly used measures compared to the C-ACT.
Because of the limited number of studies, the variation of
comparisons to the C-ACT across studies, and the heterogeneity of
the data, it was not possible to perform a meta-analysis.

3.6.1 | GINA guidelines and physician assessment

Thirteen studies compared C-ACT score to the level of asthma
control defined by GINA guidelines and/or physician assessment
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TABLE 2 Main conclusions of the 28 included studies.
Types of validity
Citation assessed? Comparisons Cronbach's a

North America

Liu et al.*t Construct, clinical,
concurrent

Liu et al.’® Clinical

Shi et al.*? Clinical

Todoric et al.?°

Bime et al.?! Construct

Asia (East, South, and Southeast)

Chen et al.?? Criterion, discriminant

Leung et al.2®

Leung et al.?*

Wong et al.2¢

Ito et al.2®

Chalise et al.’

Somashekar et al.?®

Sommanus et al.??  Clinical

Europe

Koolen et al.>®

Koolen et al.3?

Waibel et al.®2

Rapino et al.>®

Deschildre et al.>*

Voorend-Van

Bergen et al.*®

Perez-Yarza et al.3®  Construct, clinical,

concurrent,
longitudinal
Felix et al.®” Clinical
Middle East
Sekerel et al.®® Criterion, discriminant
Yavuz et al.3?

Shefer et al.*°

Spirometry, change in therapy, physician 0.79
assessment of control, PAQLQ/
PACQLQ

Spirometry, change in therapy, physician
assessment of control

Spirometry, physician assessment of 0.76
control

Spirometry, physician assessment of
control

Spirometry, episodes of poor asthma 0.76
control, ACQ-6, ASUI, PAQLQ

Change in therapy, physician assessment of 0.741 (baseline),
control, pre-bronchodilator peak
expiratory flow rate

GINA

Spirometry, FeNO, disease severity score,
exacerbations

GINA-derived symptom control index
Spirometry

Spirometry, GINA

Spirometry, GINA, ATAQ

Spirometry, GINA, change in therapy

GINA
Spirometry, FeNO, GINA

GINA, exercise airways
hyperresponsiveness, ATAQ, use of
short acting beta 2 agonist agents

GINA
Spirometry, FeNO, PAQLQ

Spirometry, change in therapy, perception  0.81
of asthma control, PAQLQ, asthma
classification, exacerbations

0.716
Spirometry, physician assessment of 0.82, 0.83, 0.82,
control 0.82, 0.80
(5 timepoints)
FeNO, GINA

Spirometry, GINA

i)

0.759 (follow-up)

Recommended cut-off for
uncontrolled asthma for
C-ACT?

<12 (very poorly controlled
asthma)

<22

<18

<24

<24 (asthma exacerbations)

<19
<22
<19
<20

(Continues)
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85U8017 SUOLLLOD 3ATER1D 3 (dedl|dde ay) Aq peusenob a1e sspie YO ‘8sn JO S9N 10} ARIqiT8uljuQ AB]IAN UO (SUONIPUOD-PUR-SLLIBILIOD A |IM A lRIq 1 BU1UO//SANY) SUORIPUOD PUe SWB | 841 88S [£202/20/ZT] Uo ArigiTauliuo A8|iMm ‘(-uleAnde ) aqnopesy Aq zye9z' INdd/Zo0T 0T/10p/Loo" A8 (1M Ae.q Ul Uo//Sdny woly pepeojumod ‘0 ‘9670660T



CHU ET AL

8
* 1w LEY—=5
TABLE 2 (Continued)

Types of validity

Citation assessed? Comparisons
AlTeneiji et al.**

South America

GINA, change in therapy

Recommended cut-off for
uncontrolled asthma for

Cronbach's C-ACT®

0.81 <20

Rodriguez- Construct, criterion GINA, change in therapy, PACQLQ, 0.8276
Martinez improvement in clinical status
et al.*?

Oliveira et al.}2 Concordant
Africa

Green et al.*®
control

Spirometry, FeNO, GINA

0.677

Spirometry, FeNO, physician assessment of

Abbreviations: ACQ-6, Asthma Control Questionnaire; ATAQ, Asthma Therapy Assessment Questionnaire; C-ACT, Childhood Asthma Control Test;
FeNO, fractional exhaled nitric oxide; GINA, Global Initiative for Asthma; PACQLQ, Pediatric Asthma Caregiver's Quality of Life Questionnaire; PAQLQ,

Pediatric Asthma Quality of Life Questionnaire.
2Stated in the text.

bif unspecified, assumed cut-off for uncontrolled/controlled asthma were the same.

(Table 4)11:12.18.20.22.23,2831.32,38.4041:43 Of these, 11 studies exam-
ined agreement or correlation between C-ACT and GINA/physician
assessment and nine reported a p-value < 0.05 (Green et al. did not
report p value*3; Todoric et al. reported p-value =0.10%°). Four
papers performed receiver-operating characteristic (ROC) analysis of
this comparison, and the resulting areas under the curve ranged from
0.647 to 0.898.18:283141

3.6.2 | Spirometry

Eleven studies compared C-ACT score to spirometry scores, usually
FEV1 or FEV1% (Table 5).1219:202527.29.32353843 Five studies
examined correlation between C-ACT and spirometry (some at
multiple time points), reporting correlation coefficients between
0.007 and 0.908.1227:29:3238 por two studies examining agreement
between C-ACT and spirometry, kappa values ranged from 0.00 to
0.34,2043

3.63 | FeNO

Four studies compared C-ACT to FeNO (Table 6)2243543; one found
a B value of 0.015 (p =0.051),* one found a kappa of 0.00,*® one
found a correlation coefficient of 0.035 (p=0.753),*?> and one

reported only a p value of 0.78.%°

3.6.4 | Change in therapy

Four studies compared C-ACT scores to change in therapy,
specifically whether the patient had step-up or step-down in therapy

during the study (Table 7).22364142 A|l four studies found good
correlation between C-ACT and change in therapy or good ability of
the C-ACT to discriminate between different categories of change in

therapy (e.g., step up, no change, step down).

4 | DISCUSSION

This is the first systematic review examining the validity of the C-ACT
in children with varied nationality, race, ethnicity, and language.
Among 28 articles pertaining to validity of the C-ACT, we found that
while the C-ACT showed good internal consistency, it also showed
poor correlation or agreement with spirometry and had mixed levels
of correlation with GINA guidelines, physician assessment of asthma
control, FeNO, and change in therapy. These findings, therefore,
suggest the C-ACT may require some level of re-interpretation or
cultural tailoring to improve validity in diverse populations.
Recommended C-ACT cut-offs for uncontrolled asthma ranged
from <18 to <24, making it unclear which cut-off to use in clinical
practice. Most studies recommended a cut-off higher than the <19 in
the original study of C-ACT, speculating that higher cut-offs were
needed to account for cultural differences between their target
population and the primarily White participants in the original
study.??2% Notably, parent and child perception is an important part
of assessing asthma control using the C-ACT. As such, it is possible
these differences in the recommended C-ACT cutoffs arise because
individuals from various demographic backgrounds and social
environments may perceive asthma symptoms differently. Shi et al.
notes this varied perception of symptoms is true for children of
Mexican descent and could be true for patients of other racial and
ethnic groups.’” However, the effect of race/ethnicity itself is
unclear as studies conducted in Turkey (all white participants), the
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(Continued)

TABLE 3

[y
o
Criterion Hypothesis testing for }»

Reliability validity

Cross-cultural validity/

Internal

Sample
Size?

Language used on

C-ACT

2
C
y
<

construct validity

measurement invariance

consistency

Country

Citation

Middle East

Doubtful

Very good

Adequate

Very good

368

Turkish

Turkey

Sekerel et al.%®

;

CHU ET AL

i)

Very good

76

Turkish

Turkey

Yavuz et al.%?

Very good

Very good

354

Hebrew

Israel

Shefer et al.*°

Adequate

Very good

Very good

105

Arabic

United Arab Emirates

AlTeneiji et al.**

South America

Very good

Adequate Very good

Very good

143

Spanish

Colombia

Rodriguez-Martinez

et al.*?

Very good

Adequate Very good

Very good

Brazilian Portuguese 105

Brazil

Oliveira et al.'?

Africa

Doubtful

Very good

71

English

South Africa

Green et al.*®

?Ratings reported using the “worst score counts” principle. Empty boxes indicate that an article did not examine a particular construct, and these areas were left blank in the risk of bias tool.

Netherlands (participants' race/ethnicity undefined), and Spain
(participants' race/ethnicity undefined) also recommended cut-offs
higher than 19.35%° It is possible other factors, such as educational
background, health literacy, language, and translation of C-ACT,
could also contribute to these differences. Additionally, further
research is needed with under-studied populations, as only two
studies took place in South America and one in Africa, to fill the gap
in knowledge about the current C-ACT's validity and optimal cut-off
threshold. Rigorous work examining cross-cultural validity is also
needed as only three included studies examined cross-cultural
validity,*”°%%° two of which were poorly rated (“inadequate” or
“doubtful”) using the Risk of Bias tool.

Applying the appropriate cut-off for uncontrolled asthma has
implications for clinical practice. First, using the original cut-off of
<19 across all populations could result in under-identification of
children with uncontrolled asthma. On the other hand, increasing the
threshold too much could result in over-treatment of asthma, with
resultant medication side effects and economic burden. Second, it is
critical that the C-ACT provide an accurate measure of disease
control to inform eligibility for therapy and decisions about
management. If perceptions of asthma control vary across cultures
or populations, this may be an important confounder that may give
rise to treatment inequities among patients with asthma. Recent
studies in medicine suggest it is critical to examine the use of race in
clinical tools, given that race/ethnicity are socially constructed
categories whose use in clinical tests may not be relevant and could
reinforce existing disparities. Discussions are currently ongoing about
the use of race/ethnicity in pulmonary function tests, given that race
adjustments may result in underdiagnosis of respiratory disease in
non-White groups and worse inequities in outcomes.* Similarly,
research has focused on the benefits and problems of using race to
estimate glomerular filtration rate (eGFR) with direct impact on
diagnosis, monitoring, and management of chronic kidney dis-
ease.*’”* Further, data has emerged showing that Black patients
have greater frequency of hypoxemia than detected by pulse
oximetry as compared to White patients, suggesting potential racial
biases in oxygen saturation.”® Both of these tools, like the C-ACT, are
important for assessing disease status and determining management
plans and also highlight potential risks of “racializing” medicine.
Notably, C-ACT differs from these examples, which are a blood test
and biophysical result, in that it is a patient questionnaire with
psychometric properties. Regardless of the type of tool, when
considering the use of race/ethnicity in tests, it is essential to
consider (1) if the need for race correction is based on robust
evidence, (2) if the race correction is justified by a plausible causal
mechanism, and (3) if implementing the race correction would
mitigate existing disparities.>!

In addition to the clinical setting, the C-ACT is commonly used in
research with a cut-off of <19 to recruit participants for studies and/
or evaluate programs and interventions to assess impat:t.sz’54
Recruitment using the <19 cutoff to determine asthma control may
lead to misclassification of participants as controlled or uncontrolled.

Also, the routine use of this cutoff could affect whether programs are
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TABLE 4 Comparisons of Childhood Asthma Control Test (C-ACT) to Global Initiative for Asthma (GINA) guidelines and physician
assessment of asthma control.

Correlation/agreement/discrimination between C-ACT and GINA or

physician assessment

Receiver-operating characteristic (ROC) analysis

Area under ROC

Citation Description r Value p Value kappa Description curve
North America
Liu et al.** C-ACT and physician assessment <0.0001
Liu et al.*® C-ACT and physician assessment (“very poorly <0.05 C-ACT and physician 0.688
controlled” vs. “not well controlled”) assessment
C-ACT and physician assessment (“not well <0.001
controlled” vs. “well controlled”)
Todoric et al.?° C-ACT and physician assessment 0.10
Asia (East, South, Southeast)
Chen et al.?? C-ACT and physician assessment 0.219 <0.001
Leung et al.*® C-ACT and GINA <0.001
Somashekar et al.?® C-ACT and GINA 0.647
Europe
Koolen et al.>* C-ACT and GINA 0.89 (95% Cl
0.82-0.96)

Waibel et al.*2 C-ACT and GINA 0.000
Middle East
Sekerel et al.%® C-ACT and physician assessment (visit 1) 0.65 <0.001

C-ACT and physician assessment (visit 2) 0.38 <0.001

C-ACT and physician assessment (visit 3) 0.41 <0.001
Shefer et al.*° C-ACT and physician assessment <0.001 0529
AlTeneiji et al.** C-ACT and GINA <0.001 C-ACT and GINA 0.898 (95% Cl

0.83-0.96)

South America
Oliveira et al.*? C-ACT and GINA <0.01
Africa
Green et al.*® C-ACT and physician assessment 0.37

Note: Definitions: Kappa, measure of agreement; r value, correlation coefficient.

perceived to be successful or adopted in practice and potentially as
part of evidence-based guidelines. As we found, C-ACT correlates
poorly with spirometry findings, and a significant degree of caution
should be incorporated when interpreting these findings in both the
clinical and research contexts.

The results of our systematic review suggest a need for further
studies exploring how individual or cultural tailoring could be
applied effectively to the C-ACT in clinical and research settings. It
is unclear what form of tailoring would be most effective. One
possibility is that the phrasing of the C-ACT could be altered to be
more culturally appropriate or the pictures of the child's face on the
C-ACT could be adapted to better reflect the population of patients
being assessed, as the current features and facial expressions of the
face on the C-ACT may not be universal.>>>® Another option is that

cut-offs of the C-ACT could be altered for different populations, but
it is uncertain whether this adjustment could be effectively
implemented and whether it would be most effective at the level
of the individual, community, or racial/ethnic/national group. There
is some evidence that cultural tailoring can result in positive
outcomes for children and adolescents with asthma, for example in
asthma education programs, but this research has been limited.>”->®
More studies are needed to assess the impact of the changes to the
questionnaire, determine their effect on the validity of the C-ACT,
as well as separate effects of nationality, race, ethnicity, and
language on the C-ACT's validity and optimal cut-point. In doing
these studies, it would be important to revalidate the C-ACT in a
large, diverse population that is more representative of its wide-

spread use. Inclusion of diverse groups may pose challenges given
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TABLE 5 Comparisons of Childhood Asthma Control Test (C-ACT) to spirometry.

Citation
North America

Shi et al.*?

Todoric et al.?°

Correlation/agreement between C-ACT and spirometry

Receiver-operating characteristic (ROC) analysis

Description

C-ACT did not correlate with FEV1,
FEF25-75 (percent predicted), FEV1/
FVC ratio, or bronchodilator
response of FEV1

C-ACT and FEV1>80%

Asia (East, South, and Southeast)

Leung et al.2*

Ito et al.?®

Chalise et al.?”

Europe
Waibel et al.>2

Voorend-Van
Bergen et al.®®
Middle East

Sekerel et al.%®

AlTeneiji et al.*

South America

Oliveira et al.'?

Africa

Green et al.*®

Changes in C-ACT ascore and changes

in FEV1

C-ACT and FEV1 (baseline)
C-ACT and FEV1 (3 months)
C-ACT and FEV1 (6 months)

C-ACT and FEV1
C-ACT and FEV1

C-ACT and FEV1% (first visit)
C-ACT and FEV1% (second visit)
C-ACT and FEV1% (third visit)
C-ACT and FEV1 (3 months)
C-ACT and FEV1 (6 months)
C-ACT and FEV1 (1 year)

C-ACT and spirometry

C-ACT and FEV1
FEF25-75

PEFR

FEV1/FVC

r Value p Value kappa Description

0.772
0.815
0.908

0.36

0.11
0.024
0.007
0.48
0.558
0.421

0.02

Area under ROC curve

0.0095 0.34

0.020

Accuracy of C-ACT for 71.5% (95%
screening asthmatic Cl=62.8%-80.2%,
children with p <0.001)

FEV1 >80%

<0.001
<0.001
<0.001

<0.000

0.72

0.72
0.92
<0.001
<0.001
<0.001

0.866

0.24
0.18
0.03
0.00

Note: Definitions: Kappa, measure of agreement; r value, correlation coefficient.

Abbreviations: FEF25-75, forced mid-expiratory flow; FEV1, forced expiratory volume in 1 s; FEVC, forced expiratory vital capacity; PEFR, peak expiratory

flow rate.

historical underrepresentation in studies due to distrust in medical
systems, requirement to travel, and inflexibility with work or
childcare. Efforts that overcome some of these barriers, including

leveraging the rise of telehealth, could help enhance participation of

under-represented groups.

5 | LIMITATIONS

Studies were only included in our review if full-text English
versions were available. Therefore, some articles, particularly

those which may have been more likely to describe the use of
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the C-ACT in diversified or non-White populations, may have been
excluded from our analysis. It is likely this methodology did not
significantly affect our findings as the use of language restrictions
in systematic review has been shown to have no systematic
bias.>? Although we sought to determine the validity of the C-ACT
among children of varying cultural backgrounds, only nine of
the 28 articles included reported participants' race or ethni-
city.1218-21.39.42.43 Fina|ly, it was difficult to compare the C-ACT
to some measures, such as FeNO, because of the small number of

papers that performed certain comparisons.

TABLE 6 Comparisons of Childhood Asthma Control Test
(C-ACT) to fractional exhaled nitric oxide (FeNO).

Correlation/agreement between C-ACT
and FeNO
r Value

Citation p Value B Value kappa
Asia

Leung et al.2* 0.051 0.015

Europe

Voorend-Van 0.78
Bergen et al.*®

South America

Oliveira et al.*? 0.035 0.753

Africa

Green et al.*® 0.00

Note: Definitions: B value, logistic regression; Kappa, measure of
agreement; r value, correlation coefficient.

i)

6 | CONCLUSION

While studies have shown mixed levels of agreement or correlation
between C-ACT and GINA guidelines or physician assessment of
asthma control, agreement and correlation between C-ACT and
spirometry are poor. Information is lacking on comparisons between
C-ACT and FeNO and change in therapy, and findings on optimal cut-
offs vary. More work is needed to identify ideal scoring cut-offs and
examine different methods of cultural tailoring for the C-ACT. Given
the high utilization of the C-ACT in clinical practice and research
globally, proper validation across diverse populations is critical to
maximize clinical confidence and minimize inequities in childhood

asthma management.
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TABLE 7 Comparisons of Childhood Asthma Control Test (C-ACT) to change in therapy.

Correlation/agreement/discrimination between C-ACT and

change in therapy

Receiver-operating characteristic (ROC) analysis

Citation Description

Asia

Chen et al.?? Differences in C-ACT score by change
in therapy status (step up vs. no

change vs. step down)

Europe

|.36

Perez-Yarza et a Differences in C-ACT score by change

in therapy status
Middle East

AlTeneiji et al.** C-ACT and change in therapy (step up

vs. no change vs. step down)

South America

1.42 Differences in C-ACT score by change

in therapy status (step up vs. no
change vs. step down)

Rodriguez-Martinez et a

Note: Definitions: F statistic, ANOVA test.

p Value F statistic Description

Area under ROC curve

<0.001

<0.001 39.61

<0.001 C-ACT classification  0.749 (95% Cl 0.66-0.85)
of treatment
change category

<0.001

85U8017 SUOLLLOD 3ATER1D 3 (dedl|dde ay) Aq peusenob a1e sspie YO ‘8sn JO S9N 10} ARIqiT8uljuQ AB]IAN UO (SUONIPUOD-PUR-SLLIBILIOD A |IM A lRIq 1 BU1UO//SANY) SUORIPUOD PUe SWB | 841 88S [£202/20/ZT] Uo ArigiTauliuo A8|iMm ‘(-uleAnde ) aqnopesy Aq zye9z' INdd/Zo0T 0T/10p/Loo" A8 (1M Ae.q Ul Uo//Sdny woly pepeojumod ‘0 ‘9670660T



14
“ | wi LEY—=5

CHU ET AL

receives research support from Robert Wood Johnson Foundation

and lllinois Department of Public Health. V. G. Press reports general

research support from National Heart Lung and Blood Institute
(RO1HL146644), Agency for Healthcare Research and Quality
(RO1HS027804), and American Lung Association. V. G. Press
discloses consultant fees from Vizient Inc and Humana.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable as no new data were created or

analyzed in this study.

ORCID

Jason T. Alexander

Anna Volerman

http://orcid.org/0000-0003-2159-0604
http://orcid.org/0000-0002-7406-1098

REFERENCES

1.

10.

11.

12.

Serebrisky D, Wiznia A. Pediatric asthma: a global epidemic. Ann
Glob Health. 2019;85(1):6. doi:10.5334/a0gh.2416

Asher |, Pearce N. Global burden of asthma among children.
Int J Tuberc Lung Dis. 2014;18(11):1269-1278. doi:10.5588/ijtld.
14.0170

Asher MI, Rutter CE, Bissell K, et al. Worldwide trends in the burden
of asthma symptoms in school-aged children: global asthma network
phase | cross-sectional study. Lancet. 2021;398(10311):1569-1580.
doi:10.1016/50140-6736(21)01450-1

Zahran HS, Bailey CM, Damon SA, Garbe PL, Breysse PN. Vital signs:
asthma in children—United States, 2001-2016. MMWR Morb Mortal
WKkly Rep. 2018;67:149-155. doi:10.15585/mmwr.mm6705e1

Pate CA, Zahran HS, Qin X, Johnson C, Hummelman E, Malilay J.
Asthma surveillance—United States, 2006-2018. MMWR Surveill
Summ. 2021;70(SS-5):1-32. doi:10.15585/mmwr.ss7005a1

Gold DR, Wright R. Population disparities in asthma. Annu Rev Public
Health. 2005;26:89-113. doi:10.1146/annurev.publhealth.26.021304.
144528

2022 GINA Main Report. Global initiative for asthma—GINA.
Accessed June 7, 2022. https://ginasthma.org/gina-reports/
National Asthma Education and Prevention Program, Third Expert
Panel on the Diagnosis and Management of Asthma. Expert Panel
Report 3: Guidelines for the Diagnosis and Management of Asthma.
Bethesda, MD: National Heart, Lung, and Blood Institute; 2007.
Report No.: Report No. 07-4051. https://www.ncbi.nlm.nih.gov/
books/NBK7232/

Jia CE, Zhang HP, Lv Y, et al. The asthma control test and asthma
control questionnaire for assessing asthma control: systematic
review and meta-analysis. J Allergy Clin Immunol. 2013;131:
695-703. doi:10.1016/j.jaci.2012.08.023

Dinakar C, Chipps BE, Section on Allergy and Immunology, Section on
Pediatric Pulmonology and Sleep Medicine. Clinical tools to assess
asthma control in children. Pediatrics. 2017;139(1):e20163438.
doi:10.1542/peds.2016-3438

Liu AH, Zeiger R, Sorkness C, et al. Development and cross-sectional
validation of the Childhood Asthma Control Test. J Allergy Clin
Immunol. 2007;119(4):817-825. doi:10.1016/j.jaci.2006.12.662
Oliveira SG, Sarria EE, Roncada C, Stein RT, Pitrez PM, Mattiello R.
Validation of the Brazilian version of the Childhood Asthma Control
Test (c-ACT): Brazilian version of the c-ACT. Pediatr Pulmonol.
2016;51(4):358-363. doi:10.1002/ppul.23318

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ma DS, Koltai K, McManus RM, Bernhardt A, Correll J,
Wittenbrink B. Race signaling features: identifying markers of racial
prototypicality among Asians, Blacks, Latinos, and Whites. Soc Cogn.
2018;36(6):603-625. doi:10.1521/50c0.2018.36.6.603

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.
doi:10.1371/journal.pmed.1000097

Mokkink LB, de Vet HCW, Prinsen CAC, et al. COSMIN risk of bias
checklist for systematic reviews of patient-reported outcome
measures. Qual Life Res. 2018;27(5):1171-1179. doi:10.1007/
s11136-017-1765-4

Barrett A, Clark M, Demuro C, Esser D. Proxy-reported question-
naires for young children with asthma: a structured review. Eur
Respir J. 2013;42(2):513-526. doi:10.1183/09031936.00052112
Terwee CB, Prinsen CA, Chiarotto A, et al. COSMIN methodology
for assessing the content validity of PROMs User Manual, Version
1.0. 2018. Accessed December 9, 2022. https://cosmin.nl/wp-
content/uploads/COSMIN-methodology-for-content-validity-user-
manual-v1.pdf

Liu AH, Zeiger RS, Sorkness CA, et al. The Childhood Asthma Control
Test: retrospective determination and clinical validation of a cut
point to identify children with very poorly controlled asthma.
J Allergy Clin Immunol. 2010;126(2):267-273. doi:10.1016/j.jaci.
2010.05.031

Shi Y, Tatavoosian AV, Aledia AS, George SC, Galant SP. Cut points
for asthma control tests in Mexican children in Orange County,
California. Ann Allergy Asthma Immunol. 2012;109(2):108-113.
doi:10.1016/j.anai.2012.06.002

Todoric K, Bangdiwala S, Vadlamudi A, Alarcon L, Hernandez M.
Assessing asthma in African American children using the asthma
control test and the Childhood Asthma Control Test. Ann Allergy
Asthma Immuno. 2015;114(4):342-344. doi:10.1016/j.anai.2014.
12.019

Bime C, Gerald JK, Wei CY, et al. Measurement characteristics of the
childhood asthma-control test and a shortened, child-only version. NPJ
Prim Care Respir Med. 2016;26:16075. doi:10.1038/npjpcrm.2016.75
Chen HH, Wang JY, Jan RL, Liu YH, Liu LF. Reliability and validity of
Childhood Asthma Control Test in a population of Chinese asthmatic
children. Qual Life Res. 2008;17(4):585-593. doi:10.1007/s11136-
008-9335-4

Leung TF, Ko FWS, Sy HY, et al. Identifying uncontrolled asthma in
young children: clinical scores or objective variables? J Asthma.
2009;46(2):130-135. doi:10.1080/02770900802468533

Leung TF, Ko FWS, Wong GWK, et al. Predicting changes in clinical
status of young asthmatics: clinical scores or objective parameters?
Pediatr Pulmonol. 2009;44(5):442-449. doi:10.1002/ppul.20977

Ito Y, Adachi Y, Itazawa T, et al. Association between the results of
the Childhood Asthma Control Test and objective parameters in
asthmatic children. J Asthma. 2011;48(10):1076-1080. doi:10.3109/
02770903.2011.629356

Wong GWK, Kwon N, Hong JG, Hsu J-Y, Gunasekera KD. Pediatric
asthma control in Asia: phase 2 of the asthma insights and reality in
Asia-Pacific (AIRIAP 2) survey. Allergy. 2013;68(4):524-530. doi:10.
1111/all.12117

Chalise SP, Bhatta NK, Singh RR, Prasad MS, Poudel P. Assessment
of control of bronchial asthma in children using Childhood Asthma
Control Test. Indian J Chest Dis Allied Sci. 2014;56(2):75-78.
Somashekar AR, Ramakrishnan KG. Evaluation of asthma control in
children using Childhood—Asthma Control Rest (C-ACT) and asthma
therapy assessment questionnaire (ATAQ. Indian Pediatr. 2017;
54(9):746-748. doi:10.1007/s13312-017-1167-2

Sommanus S, Direkwattanachai C, Lawpoolsri S, Sitcharungsi R.
Accuracy of Childhood Asthma Control Test among Thai childhood

85U8017 SUOLLLOD 3ATER1D 3 (dedl|dde ay) Aq peusenob a1e sspie YO ‘8sn JO S9N 10} ARIqiT8uljuQ AB]IAN UO (SUONIPUOD-PUR-SLLIBILIOD A |IM A lRIq 1 BU1UO//SANY) SUORIPUOD PUe SWB | 841 88S [£202/20/ZT] Uo ArigiTauliuo A8|iMm ‘(-uleAnde ) aqnopesy Aq zye9z' INdd/Zo0T 0T/10p/Loo" A8 (1M Ae.q Ul Uo//Sdny woly pepeojumod ‘0 ‘9670660T


http://orcid.org/0000-0003-2159-0604
http://orcid.org/0000-0002-7406-1098
https://doi.org/10.5334/aogh.2416
https://doi.org/10.5588/ijtld.14.0170
https://doi.org/10.5588/ijtld.14.0170
https://doi.org/10.1016/S0140-6736(21)01450-1
https://doi.org/10.15585/mmwr.mm6705e1
https://doi.org/10.15585/mmwr.ss7005a1
https://doi.org/10.1146/annurev.publhealth.26.021304.144528
https://doi.org/10.1146/annurev.publhealth.26.021304.144528
https://ginasthma.org/gina-reports/
https://www.ncbi.nlm.nih.gov/books/NBK7232/
https://www.ncbi.nlm.nih.gov/books/NBK7232/
https://doi.org/10.1016/j.jaci.2012.08.023
https://doi.org/10.1542/peds.2016-3438
https://doi.org/10.1016/j.jaci.2006.12.662
https://doi.org/10.1002/ppul.23318
https://doi.org/10.1521/soco.2018.36.6.603
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1007/s11136-017-1765-4
https://doi.org/10.1007/s11136-017-1765-4
https://doi.org/10.1183/09031936.00052112
https://cosmin.nl/wp-content/uploads/COSMIN-methodology-for-content-validity-user-manual-v1.pdf
https://cosmin.nl/wp-content/uploads/COSMIN-methodology-for-content-validity-user-manual-v1.pdf
https://cosmin.nl/wp-content/uploads/COSMIN-methodology-for-content-validity-user-manual-v1.pdf
https://doi.org/10.1016/j.jaci.2010.05.031
https://doi.org/10.1016/j.jaci.2010.05.031
https://doi.org/10.1016/j.anai.2012.06.002
https://doi.org/10.1016/j.anai.2014.12.019
https://doi.org/10.1016/j.anai.2014.12.019
https://doi.org/10.1038/npjpcrm.2016.75
https://doi.org/10.1007/s11136-008-9335-4
https://doi.org/10.1007/s11136-008-9335-4
https://doi.org/10.1080/02770900802468533
https://doi.org/10.1002/ppul.20977
https://doi.org/10.3109/02770903.2011.629356
https://doi.org/10.3109/02770903.2011.629356
https://doi.org/10.1111/all.12117
https://doi.org/10.1111/all.12117
https://doi.org/10.1007/s13312-017-1167-2

CHU ET AL

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

asthma patients. Asian Pac J Allergy Immunol. 2018;36(3):152-158.
doi:10.12932/AP-300517-0094

Koolen BB, Pijnenburg MWH, Brackel HJL, et al. Comparing global
initiative for asthma (GINA) criteria with the Childhood Asthma
Control Test (C-ACT) and Asthma Control Test (ACT). Eur Respir J.
2011;38(3):561-566. doi:10.1183/09031936.00173710

Koolen BB, Pijnenburg MWH, Brackel HJL, et al. Validation of a web-
based version of the asthma control test and Childhood Asthma Control
Test. Pediatr Pulmonol. 2011;46(10):941-948. doi:10.1002/ppul.21458
Waibel V, Ulmer H, Horak E. Assessing asthma control: symptom
scores, GINA levels of asthma control, lung function, and exhaled
nitric oxide. Pediatr Pulmonol. 2012;47(2):113-118. doi:10.1002/
ppul.21529

Rapino D, Attanasi M, Consilvio NP, et al. Evaluation of association
between airway hyperresponsiveness, asthma control test, and
asthma therapy assessment questionnaire in asthmatic children.
Muiltidiscip Respir Med. 2013;8(1):48. doi:10.1186/2049-6958-8-48
Deschildre A, Pin I, El Abd K, et al. Asthma control assessment in a
pediatric population: comparison between GINA/NAEPP guidelines,
Childhood Asthma Control Test (C-ACT), and physician's rating.
Allergy. 2014;69(6):784-790. doi:10.1111/all.12402

Voorend-van Bergen S, Vaessen-Verberne AA, Landstra AM, et al.
Monitoring childhood asthma: web-based diaries and the asthma
control test. J Allergy Clin Immunol. 2014;133(6):1599-1605. doi:10.
1016/j.jaci.2013.10.005

Pérez-Yarza EG, Castro-Rodriguez JA, Villa Asensi JR, Garde
Garde J, Hidalgo Bermejo FJ. Validacion de la version en espariol
de la prueba de control del asma infantil (ACT) para su uso en
Espafa. Anales de Pediatria. 2015;83(2):94-103. doi:10.1016/j.
anpedi.2014.10.031

Félix A, Lopes B, Henriques M, Soares MLS. Childhood Asthma
Control Test: a study of the psychometric properties. Revista de
Enfermagem Referéncia. 2019;4:19-26. doi:10.12707/RIV19001
Sekerel BE, Soyer OU, Keskin O, et al. The reliability and validity of
turkish version of Childhood Asthma Control Test. Qual Life Res.
2012;21(4):685-690. doi:10.1007/s11136-011-9970-z

Yavuz ST, Civelek E, Sahiner UM, et al. Identifying uncontrolled
asthma in children with the Childhood Asthma Control Test or
exhaled nitric oxide measurement. Ann Allergy Asthma Immunol.
2012;109(1):36-40. doi:10.1016/j.anai.2012.05.011

Shefer G, Donchin M, Manor O, et al. Disparities in assessments of
asthma control between children, parents, and physicians. Pediatr
Pulmonol. 2014;49(10):943-951. doi:10.1002/ppul.22924

AlTeneiji M, AlKalbani A, Nasser H, Iram D, Alblooshi A, Narchi H.
Cross-sectional study assessing the performance of the Arabic
translated Childhood Asthma Control Test. NPJ Prim Care Respir
Med. 2018;28(1):41. doi:10.1038/s41533-018-0109-3
Rodriguez-Martinez CE, Melo-Rojas A, Restrepo-Gualteros SM,
Sossa-Briceio MP, Nino G. Validation of the Spanish version of
the Childhood Asthma Control Test (cACT) in a population of
Hispanic children. J Asthma. 2014;51(8):855-862. do0i:10.3109/
02770903.2014.921197

Green RJ, Klein M, Becker P, et al. Disagreement among common
measures of asthma control in children. Chest. 2013;143(1):117-122.
doi:10.1378/chest.12-1070

Corcuera-Elosegui P, Sardon-Prado O, Aldasoro-Ruiz A, et al.
Inflammatory patterns in asthmatic children based on alveolar nitric
oxide determination. Arch Bronconeumol. 2015;51(6):279-284.
doi:10.1016/j.arbres.2014.07.005

Vermeulen F, De Meulder |, Paesmans M, Muylle |, Bruyneel M,
Ninane V. Asthma control measurement using five different

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

15
2 WILEY— 2

questionnaires: a prospective study. Respir Med. 2013;107(9):
1314-1321. doi:10.1016/j.rmed.2013.07.003

Bhakta NR, Kaminsky DA, Bime C, et al. Addressing race in
pulmonary function testing by aligning intent and evidence with
practice and perception. Chest. 2022;161(1):288-297. doi:10.1016/j.
chest.2021.08.053

Delgado C, Baweja M, Burrows NR, et al. Reassessing the inclusion
of race in diagnosing kidney diseases: an interim report from the
NKF-ASN task force. J Am Soc Nephrol. 2021;32(6):1305-1317.
doi:10.1681/ASN.2021010039

Levey AS, Titan SM, Powe NR, Coresh J, Inker LA. Kidney disease,
race, and GFR estimation. Clin J Am Soc Nephrol. 2020;15(8):
1203-1212. doi:10.2215/CJN.12791019

Inker LA, Eneanya ND, Coresh J, et al. New creatinine- and cystatin
C-based equations to estimate GFR without race. N Engl J Med.
2021;385(19):1737-1749. doi:10.1056/NEJM0a2102953

Sjoding MW, Dickson RP, Iwashyna TJ, Gay SE, Valley TS. Racial bias
in pulse oximetry measurement. N Engl J Med. 2020;383(25):
2477-2478. doi:10.1056/NEJMc2029240

Vyas DA, Eisenstein LG, Jones DS. Hidden in plain sight—
reconsidering the use of race correction in clinical algorithms.
N Engl J Med. 2020;383(9):874-882. doi:10.1056/NEJMms2004740
Banasiak NC. Implementation of the asthma control test in primary
care to improve patient outcomes. J Pediatr Health Care. 2018;32(6):
591-599. doi:10.1016/j.pedhc.2018.05.004

Stanford RH, Gilsenan AW, Ziemiecki R, Zhou X, Lincourt WR,
Ortega H. Predictors of uncontrolled asthma in adult and pediatric
patients: analysis of the asthma control characteristics and preva-
lence survey studies (ACCESS). J Asthma. 2010;47(3):257-262.
doi:10.3109/02770900903584019

Canino G, Vila D, Normand S-LT, et al. Reducing asthma health
disparities in poor Puerto Rican children: the effectiveness of a
culturally tailored family intervention. J Allergy Clin Immunol.
2008;121(3):665-670. doi:10.1016/j.jaci.2007.10.022

Jack RE, Garrod OGB, Yu H, Caldara R, Schyns PG. Facial
expressions of emotion are not culturally universal. Proc Natl Acad
Sci. 2012;109(19):7241-7244. doi:10.1073/pnas.1200155109

Jack RE, Blais C, Scheepers C, Schyns PG, Caldara R. Cultural
confusions show that facial expressions are not universal. Curr Biol.
2009;19(18):1543-1548. doi:10.1016/j.cub.2009.07.051

McCallum GB, Morris PS, Brown N, Chang AB. Culture-specific
programs for children and adults from minority groups who have
asthma. Cochrane Database Syst Rev. 2017;8:006580. doi:10.1002/
14651858.CD006580.pub5

Mc Manus V, Savage E. Cultural perspectives of interventions for
managing diabetes and asthma in children and adolescents from
ethnic minority groups. Child Care Health Dev. 2010;36(5):612-622.
doi:10.1111/j.1365-2214.2010.01101.x

Morrison A, Polisena J, Husereau D, et al. The effect oF English-
language restriction on systematic review-based meta-analyses: a
systematic review of empirical studies. Int J Technol Assess Health
Care. 2012;28(2):138-144. doi:10.1017/50266462312000086

How to cite this article: Chu F, Kappel N, Akel M, Press VG,
Alexander JT, Volerman A. Validity of the Childhood Asthma
Control Test in diverse populations: a systematic review.
Pediatr Pulmonol. 2023;1-15. doi:10.1002/ppul.26342

85U8017 SUOLLLOD 3ATER1D 3 (dedl|dde ay) Aq peusenob a1e sspie YO ‘8sn JO S9N 10} ARIqiT8uljuQ AB]IAN UO (SUONIPUOD-PUR-SLLIBILIOD A |IM A lRIq 1 BU1UO//SANY) SUORIPUOD PUe SWB | 841 88S [£202/20/ZT] Uo ArigiTauliuo A8|iMm ‘(-uleAnde ) aqnopesy Aq zye9z' INdd/Zo0T 0T/10p/Loo" A8 (1M Ae.q Ul Uo//Sdny woly pepeojumod ‘0 ‘9670660T


https://doi.org/10.12932/AP-300517-0094
https://doi.org/10.1183/09031936.00173710
https://doi.org/10.1002/ppul.21458
https://doi.org/10.1002/ppul.21529
https://doi.org/10.1002/ppul.21529
https://doi.org/10.1186/2049-6958-8-48
https://doi.org/10.1111/all.12402
https://doi.org/10.1016/j.jaci.2013.10.005
https://doi.org/10.1016/j.jaci.2013.10.005
https://doi.org/10.1016/j.anpedi.2014.10.031
https://doi.org/10.1016/j.anpedi.2014.10.031
https://doi.org/10.12707/RIV19001
https://doi.org/10.1007/s11136-011-9970-z
https://doi.org/10.1016/j.anai.2012.05.011
https://doi.org/10.1002/ppul.22924
https://doi.org/10.1038/s41533-018-0109-3
https://doi.org/10.3109/02770903.2014.921197
https://doi.org/10.3109/02770903.2014.921197
https://doi.org/10.1378/chest.12-1070
https://doi.org/10.1016/j.arbres.2014.07.005
https://doi.org/10.1016/j.rmed.2013.07.003
https://doi.org/10.1016/j.chest.2021.08.053
https://doi.org/10.1016/j.chest.2021.08.053
https://doi.org/10.1681/ASN.2021010039
https://doi.org/10.2215/CJN.12791019
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.1056/NEJMc2029240
https://doi.org/10.1056/NEJMms2004740
https://doi.org/10.1016/j.pedhc.2018.05.004
https://doi.org/10.3109/02770900903584019
https://doi.org/10.1016/j.jaci.2007.10.022
https://doi.org/10.1073/pnas.1200155109
https://doi.org/10.1016/j.cub.2009.07.051
https://doi.org/10.1002/14651858.CD006580.pub5
https://doi.org/10.1002/14651858.CD006580.pub5
https://doi.org/10.1111/j.1365-2214.2010.01101.x
https://doi.org/10.1017/S0266462312000086
https://doi.org/10.1002/ppul.26342

	Validity of the Childhood Asthma Control Test in diverse populations: A systematic review
	1 INTRODUCTION
	2 METHODS
	2.1 Information sources and search strategy
	2.2 Screening
	2.3 Data extraction
	2.4 Analysis
	2.5 Risk of bias assessment

	3 RESULTS
	3.1 Study selection
	3.2 Study characteristics
	3.3 Risk of bias
	3.4 Internal consistency
	3.5 Cut-offs
	3.6 Comparisons to C-ACT
	3.6.1 GINA guidelines and physician assessment
	3.6.2 Spirometry
	3.6.3 FeNO
	3.6.4 Change in therapy


	4 DISCUSSION
	5 LIMITATIONS
	6 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES




