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Background. The Childhood Asthma Control Test (C-ACT) has been proposed to be a simple, patient-based test that is able to reflect the multi-
dimensional nature of asthma control. In this analysis, the aim was to evaluate the perceptions of physicians and caregivers concerning C-ACT and its
predictive value for future asthma-related events. Method. In a multicenter prospective design, 368 children aged 411 years with asthma who were either
well- or not well-controlled were included in the study. The study participants were evaluated during three visits made at 2-month intervals and the Turkish
version of C-ACT was completed each month. Parents completed questionnaires concerning their perception of asthma (before and after the study) and the
C-ACT (after the study). Physicians completed a survey about their perception of a control-based approach and the C-ACT. Results. The C-ACT scores
increased from visit 1 to visit 3, with improvement seen in all domains of the test. At the end of the study period, the parents more strongly agreed that
asthma could be controlled completely and that asthma attacks and nocturnal awakenings due to asthma were preventable (p < .05). Most of the parents
reported that the C-ACT helped them to determine asthma treatment goals for their children and also that the C-ACT improved communication with their
physicians. The physicians indicated thata control-centered approach was more convenient (95%) and simpler (94.5%) than a severity-centered approach
and provided better disease control (93.4%). A higher C-ACT score was associated with a decreased risk of asthma attack and emergency department
admittance in the 2 months following the administration of C-ACT. Conclusion. Our findings indicated that the C-ACT improved both parental outlook on
asthma control and the communication between the physician and parents. There was a good correlation between the C-ACT score and the level of asthma
control achieved, as described by the physician. Additionally the C-ACT score was predictive of future asthma-related events. These findings suggest that
the C-ACT may have an important role in asthma management in the future.
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INTRODUCTION

Since the recent guidelines published by the Global
Initiative for Asthma (GINA) (1) and the National
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Asthma Education and Prevention Program (NAEPP) (2)
on the control-centered approach for asthma management,
there has been a surge of research interest in establishing
reliable tools to assess asthma in the context of routine
clinical care. It was shown that patients are undertreated
and that the goals of asthma management are not achieved
even in specialist centers (3-5), perhaps due, at least in
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part, to differences in the criteria physicians use to assess
asthma control levels.

The perceptions of asthma control levels may differ
between patients and clinicians. In the case of pediatric
patients, one barrier to receiving adequate asthma care is
an inaccurate perception of symptom severity by the
patients and parents. The ideal assessment tool to measure
asthma control should be practical in both clinical practice
and research and reflect the asthma status according to the
patient and clinician perspectives (6). The Childhood
Asthma Control Test (C-ACT) was designed to assess
the asthma control levels among children aged 4-11
years in a simple manner, to reflect the multidimensional
nature of asthma control and to have predictive value (7).
No previous studies have sufficiently analyzed the use of
the C-ACT in clinical practice or the views of physicians
and parents who use it.

In 2008, we performed a 4-month prospective, noncon-
trolled, multicenter trial to validate the Turkish version of
the C-ACT, the results of which were published elsewhere
(8). Using the same data, this article focuses on the opi-
nions of parents and caregivers concerning C-ACT and
asthma. It also analyzes the predictive value of the C-ACT
score for future asthma-related events.

METHODS

The study protocol has been detailed elsewhere (8). In
summary, the study was performed at multiple nationwide
centers concurrently. The subjects included in the study
were children aged 4-11 years, who had a history of
intermittent wheezing and/or reversible airway obstruction
that supported the diagnosis of asthma as defined by at
least a 12% improvement in FEV1% following broncho-
dilator administration. An asthma attack was defined as an
episode of progressive increase in asthma symptoms such
as shortness of breath, cough, wheezing, and expiratory
airflow limitation associated with at least twice as much
short-acting bronchodilator use (1). The clinics where the
study was performed were referral centers for their specific
regions, and also functioned as primary and tertiary health-
care centers, since patients were admitted without an
appointment. Patients with severe chronic illnesses other
than asthma and those in the dose increment phase of
immunotherapy were excluded from the study. A written
informed consent form, which was approved by the
Medical Ethics Committee of Hacettepe University, was
signed by all parents and by patients 10 years of age and
older.

C-ACT Survey

The C-ACT is a 7-item, self-administered questionnaire
that assesses daytime and nighttime asthma symptoms, the
effects of asthma on daily life, and the use of rescue
medications in the preceding 4 weeks (7). The first four
questions were answered by the children and the last three
by the parents, and all questions included a Likert scale.
The patients with C-ACT scores of >19 were considered

“well-controlled”, whereas those with C-ACT scores <19
were classified as “not well-controlled”.

Study Design

Close to an equal number of asthmatic children with well-
and not well-controlled asthma were enrolled and evalu-
ated in three visits at 2-month intervals. The parents and
patients completed the C-ACT every month during the
study (the first, third, and fifth responses were in clinical
settings and the second and fourth were at home). At every
visit, after assessing the level of control, physicians chose a
treatment plan according to the 2006 GINA guidelines,
and categorized the treatment plan in their documentation
as increased, decreased, or no change. Furthermore,
asthma attacks, unscheduled health-care resource usage,
and admittance to an emergency unit because of asthma in
the previous 2 months were noted at each visit. At visits 1
and 3, parents completed a 9-item questionnaire concern-
ing their perception of asthma. Additionally, at visit 3, the
parents completed a 10-item questionnaire concerning
their perception of the C-ACT. At visit 3, the physicians
were also asked to complete a questionnaire concerning
their perception of the control-based approach and of the
C-ACT (the key elements of the questionnaire are shown
in the Addendum).

Survey Instruments

The questionnaires consisted of statements, and parents/
physicians rated their agreement with the statement on a
Likert-type rating scale (1: disagree; 2: mostly disagree, 3:
neither agree nor disagree, 4: mostly agree, 5: agree, F:
have no idea). The percentage of “agreement” was calcu-
lated using responses having a Likert score of 4 or 5.

The surveys for parents were designed to evaluate the
following items:

The perception of asthma by parents (visit 1 and visit 3:
asthma control, accessibility of asthma treatment goals,
and change in the perception of asthma before and after
the study period using C-ACT)

The opinion of parents about the C-ACT (visit 3) (effect of
the C-ACT on expectations of asthma management and
communication with the physician, usefulness of the
C-ACT to produce changes in asthma control, evalua-
tion of the C-ACT in terms of ease of use and conve-
nience, and willingness to use the C-ACT in the future)

Surveys for physicians were designed to evaluate the fol-
lowing items:

The opinions of physicians about the control-based asthma
treatment approach (visit 3)

The opinions of physicians about the C-ACT (the ability of
the C-ACT to objectively examine control parameters
and to report patient and parent perceptions of asthma
control; the usefulness of the C-ACT in predicting
changes in asthma control over time, an evaluation of
the C-ACT in terms of ease of use and convenience, the
compatibility of the C-ACT with pulmonary function
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tests, physician willingness to use the C-ACT in the
future or plans to find another tool to assess asthma
control). The physicians did not influence patient
responses to questionnaires.

Statistical Analysis

Statistical analyses were performed using the SPSS 15
program (SPSS, Inc., Chicago, IL, USA). The
Kolmogorov—Smirnov test was utilized to determine if
the data were normally distributed. The results were
expressed as proportions or mean and standard deviation.
The differences between the groups were compared using
the Student’s t-test or chi-square, whichever was more
appropriate for the data. Variables that were associated
with a particular outcome in the univariate analysis at a
p-value of <.25 were examined using multivariate logistic
regression models. A backward likelihood ratio modeling
strategy was used. The size of the effect of each of the risk
factors was measured using the odds ratios (ORs) and 95%
confidence intervals (Cls). In the logistic regression ana-
lysis for the risk of asthma attack and the risk of emergency
department admittance due to asthma between visits 1 and
2 and between visits 2 and 3, forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV1), FEV1/FVC,
forced expiratory flow (FEF) 25-75, and the recom-
mended treatment in the preceding visit were included in
the models. A value of p < .05 was considered statistically
significant.

RESULTS

A total of 368 patients (57% male) with a mean age of 8.3
£ 2.3 years (206 well- and 162 not well-controlled
patients) were included. Additional characteristics of the
parents and children are summarized in Table 1.

Childhood ACT

The C-ACT score increased from visit 1 to visit 3, with
consistent improvement in all domains, as shown in
Figure 1.

Parents’ Perspective: Perception of Asthma

As the asthma control level of the child increased, as
reported by the parents, the C-ACT score increased (ry =
0.566, p < .001). During the study period, the parents’

responses to some statements concerning the disease chan-
ged from visit 1 to visit 3 in some including “Asthma can
be completely controlled” (69.8% vs 79.5%, p < .001),
“Asthma attacks are preventable” (76.1% vs 88.9%, p <
.001), and “Night-time awakenings due to asthma are pre-
ventable” (72.9% vs 80.4%, p < .001) (Figure 2). The level
of agreement with the statements “Despite asthma, one can
lead a normal life” (71.5% vs 71.7%), “If asthma is treated
well, bronchodilator drug requirement may decrease”
(93.1% vs 92.3%), and “If asthma is treated well, there
will be no need for emergency department admittance”
(90.5% vs 86.3%) did not significantly differ between
visit 1 and visit 3. The last three items including “If asthma
is not treated well, exercise capacity will be affected”
(91.6% vs 78.8%, p < .001), “If asthma is not treated
well, school or daycare attendance will be affected”
(95.1% vs 85.9%, p < .001), and “If asthma is treated
well, pulmonary function tests will be maintained within
normal limits” (86.7% vs 79.6%, p = .002) had lower
scores at visit 3 compared with visit 1.

Parents’ Perspective: C-ACT

The parents also gave positive feedback concerning the use
of the C-ACT. Most (85%) stated that the C-ACT helped to
determine treatment goals for their children and stated that
it “increased our expectations from asthma management.”
More than 90% of parents agreed with the statement
“C-ACT increased our communication with the physician”
and also that “C-ACT helped me and my child to describe
the status of asthma.” Most of the caregivers thought that
the C-ACT could be completed easily (94.5%) and quickly
(88.4%), and specified that the C-ACT was a convenient
tool (90.2%). Finally, most parents agreed that “In the
future, I want C-ACT to be used in the asthma follow-up
of my child” (91.7%).

Physicians’ Perspective: Control-Based Asthma
Management

In this study, 49 physicians used the C-ACT as a supple-
mentary tool to aid in their decisions for asthma control
levels and treatment plans. The majority of them (79.6%)
were females, and the mean age was 32.1 £ 5.1 years. On
average, they had worked as a physician for 7.6 4+ 4.8
years. When the physicians compared the control- and
severity-centered approaches at the end of the study

TABLE 1.—Demographic characteristics.

Well-controlled group (n = 206) Not well-controlled group (n = 162) p-Value

Gender (male/female) 126/80 84/78 .073%
Age (mean =+ SD) 8.1+23 85+22 .038°
Follow-up period (month) 253+£242 20.5 £22.0 .02°
At least one school day absenteeism of the child within last year (%) 59.7 70.4 .001*
Total number of health-care resource use within last year (mean £ SD) 55+43 6.8+ 64 081°
Total unscheduled health-care resource use within last year (mean £ SD) 1.8 +3.0 3.1+54 .001°
Admission to an ER within last year (%) 434 62 .001°
Perception of asthma by parents

Asthma did not affect the child’s quality of life within last year (%) 52 27.3 <.001*
Note: “Chi-square, *Student r-test. p < 0.05.

RIGHTS

ir



J Asthma Downloaded from informahealthcare.com by Y ale Dermatologic Surgery on 12/30/14
For personal use only.

THE CONTRIBUTION OF CHILDHOOD ASTHMA CONTROL TEST 871

Oc-ACT1
O C-ACT2

% BcACT3

W C-ACT4

100 mCACTS
90+
80
70
60+

50/ L] L
Q1 Q2 Q3 Q4 Q5 Q6 Q7

FIGURE 1.—The overall C-ACT score and the individual scores for each
question. (Q1. How is your asthma today? Q2. How much of a problem is
your asthma when you run, exercise or play sports? Q3. Do you cough
because of your asthma? Q4. Do you wake up during the night because of
your asthma? Q5. During the last 4 weeks, how many days did your child
have any daytime asthma symptoms? Q6. During the last 4 weeks, how many
days did your child wheeze during the day because of asthma? Q7. During the
last 4 weeks, how many days did your child wake up during the night because
of asthma?

period, most of them agreed that the control-centered
approach was more convenient for practical applications
(93.9%), provided better disease control (93.5%), better
met the patient’s expectations (88.5%), and was simpler
than the disease-severity centered approach (94.6%).
Eighty-seven percent of physicians stated that they would
use the control-centered approach in the future for asthma
management.

Physicians’ Perspective: C-ACT

There was a positive correlation between physicians’ deci-
sions regarding asthma control and C-ACT scores at visit 1
(rs = 0.663, p < .001), visit 2 (ry = 0.611, p < .001), and
visit 3 (r; = 0.580, p < .001). Physicians agreed that the

%
100,

951

Completely Attacks Nighttime Despite
controlled preventable awakenings asthma,
preventable normal life

C-ACT helped the patient to express himself/herself
(85.4%) and increased patients’ expectations of the asthma
treatment (85%). They thought that the C-ACT was quick
and easy to use for parents and children (94%). The phy-
sicians agreed with the statements that the “C-ACT pro-
jects changes in asthma control over time” (83.5%) and
“C-ACT is parallel to my evaluation of asthma control”
(76.2%). However, a lower percentage of physicians stated
that “C-ACT is parallel to results of the pulmonary func-
tion tests” (58.9%). Nearly 75% of them wanted to use
C-ACT in asthma management in their future practice.
However, only one-fourth of physicians indicated that
they would use the C-ACT exclusively to evaluate the
level of disease control in the future (Figure 3).

The Relationship between the C-ACT Score and Future
Asthma-Related Events

In a multivariate logistic (linear) regression analysis, we
found that higher C-ACT scores at visit 1 were associated
with a decreased risk of having an asthma attack between
visits 1 and 2, and between visits 2 and 3 [OR: 0.86, 95%
CI: 0.81-0.92 (p = .001), and OR: 0.65, 95% CI: 0.56—
0.75 (p < .001), respectively]. Furthermore, a higher
C-ACT score at visit 1 was associated with a decreased
risk of asthma-related emergency department admittance
between visits 1 and 2 and between visits 2 and 3 [OR:
0.88, 95% CI: 0.81-0.96 (p = .001), and OR: 0.65, 95%
CI: 0.46-0.91 (p = .011), respectively] (Table 2A and B).

DiScUSSION

In many chronic diseases, physicians aim to achieve a
predefined target level of symptom improvement that indi-
cates good control. However, there is no simple, clear, and
accepted target measurement for asthma that can be used as
a reliable indicator of treatment effectiveness by both

Visit 1
hd H Visit 3

Asthmatreated  Asthmanot Asthmanot  Asthmatreated Asthma treated

well, treated well, treated well, well, no need well, PFT in

bronchodilator exercise school for emergency  normal limits
requirement capacity attendance department
will decrease affected affected admittance

FIGURE 2.—Parents’ perception of asthma at visit 1 and visit 3 (*p <.05).
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FIGURE 3.—Opinions of physicians about the C-ACT.

TABLE 2.—Logistic regression analysis for emergency department admit-
tance due to asthma between visit 1 and visit 2 (A) and between visit 2 and
visit 3 (B).

p-Value OR 95% CI
(A)
Constant 155 0.121
C-ACT 1 .003 0.878 0.807 0.957
B)
Constant 467 0.046
C-ACT 1 011 0.647 0.462 0.907

patients and physicians (9). The aim of our study was to
conduct a comprehensive assessment of C-ACT, which is
a potential tool for evaluating control in asthma manage-
ment. To our knowledge, this is the first study document-
ing the opinions of parents and physicians regarding the
use of C-ACT.

The C-ACT score is the sum of the scores of seven
questions. In our study, the increase seen in the C-ACT
score was the result of increases in the scores of the
individual questions. Re-administration of C-ACT at
each follow-up visit may provide an opportunity to moni-
tor control levels over time and also allow changes in all
control parameters to be documented. One of the main
impairments due to asthma as stated by asthmatic children
is the limitation in activity (9), and the Asthma Control
Test (ACT) is appropriate for identifying adult patients
with activity limitations (10). Our study is in agreement
with this finding because, with the use of C-ACT over the
study period, we showed that the main improvement
among children was in the domain of exercise limitation.

Asthma Intervention Research (AIR) studies from dif-
ferent parts of the world consistently showed that low
expectations observed among patients and parents may
be one of the contributing factors for the low asthma
control seen worldwide. Therefore, there is always a need
to increase parents’/patients’ expectations by improving

their awareness of the quality of life that can be attained.
At the conclusion of this study, parents more strongly
agreed that asthma could be controlled completely and
that asthma attacks and nighttime awakenings could be
prevented. Parents were able to set goals for asthma control.
The C-ACT enables patients and parents to actively parti-
cipate in their asthma management and may improve adher-
ence to the treatment plan. Janson et al. reported that the
participation of asthmatic patients in a self-management
program attenuates the usual decrease in medication adher-
ence and improves clinical markers of asthma control (11).

Poor communication between health-care professionals
and patients may impair optimal asthma care (12).
Furthermore, there is always a discrepancy in the perceptions
and use of medical terminology regarding asthma control of
asthmatic children, their parents, and physicians (13). The
C-ACT seemed to increase the communication between
patients and physicians and improved the parents’ ability to
describe the state of their child’s asthma. The ease and con-
venience of the C-ACT may contribute to this finding.

Although control-centered asthma management is the
preferred treatment modality, and classification of asthma
by severity is recommended only for research purposes
according to recent guidelines (1,2), little is known con-
cerning the opinions of physicians about control-based
treatment. After the study period with the C-ACT, many
physicians agreed that a control-centered approach was
convenient and simpler and provided better disease con-
trol. This finding is not surprising since severity classifica-
tion is complicated, and in one of our previous studies
concerning the knowledge and attitudes of Turkish physi-
cians, assessment of asthma severity was the least under-
stood part of asthma care (14). As expected, most
physicians indicated that they intended to utilize this
approach in their clinical practice in the future.

The busy environment of clinical practice necessitates
that tools be both easy to use and easy to interpret (15).
Physicians agreed that the C-ACT was easy to administer
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and saved time. They also agreed that the C-ACT seemed
to correlate with decisions regarding asthma control at
each visit. However, some studies compared the use of
the GINA criteria and the C-ACT to evaluate asthma con-
trol, and suggested that higher C-ACT scores should be
used to determine if a patient is well controlled (16,17).
Erkocoglu et al. reported there was inconsistency between
the GINA criteria and the C-ACT in one-fourth of the
children with asthma (18). Though most physicians
wanted to use C-ACT in the future, interestingly, only
one-fourth of them planned to use the C-ACT exclusively
in the evaluation of asthma control. Since physicians did
not think that the C-ACT was correlated with pulmonary
function tests, there may be a need for new assessment
items. In addition, the limited experience of physicians
with a control-centered approach may lead to a search for
novel instruments to evaluate asthma control.

Sato et al. demonstrated that in adults, the combination
of the ACT and lung function test was the most useful for
predicting future exacerbations of asthma, in comparison
to either of the measurements used alone during a single
assessment (19). In our study, even when the FEV1% was
included in the logistic regression analysis, the C-ACT
alone was useful for predicting asthma attacks and asthma-
related emergency department admittance in the future.
Identifying at-risk patients is important so that special
efforts may be made to improve their asthma control.

A limitation of our study is that while the study condi-
tions reflect a real-life setting, the parents consented to
participate and the frequent monitoring visits are not typi-
cal of routine care. These factors alone might increase the
level of asthma control and make parents feel confident
about asthma management programs. Even though the
Turkish version of the C-ACT was validated, we used
nonvalidated questionnaires to assess perception of parents
and physicians. The surveys consisted of statements that
generally suggested that the C-ACT would be beneficial,
which might potentially lead to bias. However, options for
disagreement with these positive statements were included
with the hopes of reducing the potential bias.

To conclude, our results show that the C-ACT can be
used in the routine, daily practice of physicians treating
children with asthma. The multicenter and prospective
nature of our study provided the opportunity to evaluate
the contribution of C-ACT to asthma follow-up and
management in a detailed manner. The C-ACT improved
communication and led to a more effective physician—
patient partnership, improved the parent expectations for
asthma management, and assisted physicians in their
decision-making. Finally, the C-ACT may be an appropri-
ate tool for predicting future asthma-related events.
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ADDENDUM

The Questionnaire

e Perception of asthma by parents (visit 1 and visit 3)
e Asthma can be completely controlled.
e Asthma attacks are preventable.
e Nighttime awakenings due to asthma are
preventable.
e Despite asthma, one can lead a normal life.
e If asthma is treated well, bronchodilator drug
requirement may decrease.
e Ifasthma is not treated well, exercise capacity will be
affected.
e If asthma is not treated well, school or daycare atten-
dance will be affected.
e If asthma is treated well, there will be no need for
emergency department admittance.
e If asthma is treated well, lung function tests will be
maintained within normal limits.
e Opinion of parents about C-ACT (visit 3)
e C-ACT helped me to determine my child’s treatment
goals.
e C-ACT helped me and my child to describe the
asthma.
e C-ACT increased our communication with the
physician.
e C-ACT increased our expectations from asthma
treatment.
e Questions directed to my child in C-ACT helped us
to describe our asthma better.
e C-ACT helped to project changes in my child’s
asthma control.
C-ACT can be completed easily.
C-ACT can be completed quickly.
C-ACT is a convenient tool.
In the future, I want my child to use C-ACT in his/her
asthma follow-up.
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e Opinions of physicians about control-based asthma

treatment approach (visit 3)

e The control-centered approach is more convenient
than the disease severity-centered approach for prac-
tical applications.

e The control-centered approach provides better dis-
ease control than the disease severity-centered
approach.

e The control-centered approach meets the patient’s
expectations more than the disease severity-centered
approach.

e The control-centered approach is simpler than the
disease-severity centered approach.

e I can use the control-centered approach in the future
in asthma treatment practice.

e Opinion of physicians about C-ACT (visit 3)

e C-ACT provides an objective contribution in the
evaluation of the patient.

e C-ACT provides an objective contribution in deter-
mining my treatment goals.

e C-ACT helped the patient to express her/his condi-

tion in my evaluation.

C-ACT was time-saving when evaluating the patient.

C-ACT increased the patients’ expectations.

C-ACT can be completed easily by the patient.

C-ACT can be completed quickly by the patient.

C-ACT is a convenient tool.

It is appropriate to have questions for the parents in

the C-ACT.

e It is appropriate to have questions for the child in the
C-ACT.

e C-ACT projects the changes in asthma control.

e C-ACT is parallel to my evaluation of asthma
control.

e C-ACT is parallel to the results of lung function tests.

I plan to use C-ACT in the future for my practice.

e Ido not plan to use any tool other than the C-ACT in
evaluating disease control level.
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