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Abstract

Background: The Asthma Control Test (ACT) has been widely used for the assessment of asthma control. However,
it has never been validated in adult Thai asthmatic patients.

Objective: To determine the validity and reliability of the Thai version of the ACT in adult Thai asthmatic patients.

Methods: Any correlation between ACT and level of asthma controlled was determined using the Spearmans rank
correlation coefficient. The ACT was carried out at 2 visits to a physician (4-12 weeks apart) to ascertain the level of
reliability. Discriminant validity was determined using an area under receiver operating characteristic curve (AuROC)
to identify the optimum cut-off point of the levels of control.

Results: Seventy-one asthmatic adult patients, 40 (56.3%) female with a mean age of 54.2 + 14.7 years were
enrolled. The Thai version of ACT showed an acceptable internal consistency reliability with a Cronbach’s alpha = 0.75.
Test-retest reliability was 0.82. There was a significant correlation between the ACT scores and GINA symptom control
tool (r = 0.87, p < 0.001). An ACT < 22 was used to screen “not well-controlled” asthma with a sensitivity of 96.4% and
specificity of 93.0% and an ACT score < 19 was used to screen “uncontrolled” asthma.

Conclusion: The Thai version of ACT is valid and a reliable tool for use in adult Thai asthmatic patients. However,
the cut off points of ACT for levels of control should be changed to 22 and 19 for differentiation between well vs. partly
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controlled and partly vs. uncontrolled asthma, respectively.
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Introduction

Asthma is associated with high morbidity, mortality and
economic burden despite recent advances in the perceiving of
pathophysiology and availability of new effective treatment.
The prevalence of asthma in Thai adults is estimated to be
between 3 and 4%.” Most patients under-report asthma
symptoms and receive suboptimal care, resulting in poor
control.** Only 8% of asthmatic adults and adolescents in
Thailand were classified as having controlled asthma.’

The goals of asthma therapy are the achievement and
maintenance of asthma control for prolonged periods with
safe treatment. “Asthma control” refers to the extent to
which the manifestations of asthma have been reduced or
removed by treatment.® Recent Global Initiative for Asthma
(GINA) guidelines focus on the level of control more than the
severity of the disease. Assessment of asthma control consists
of two domains including symptom control and future risk
of adverse outcomes.” The guidelines emphasize the need
for periodic assessment to achieve controlled asthma once
treatment is established.*
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In Thailand, GINA guidelines have been used as a
standard recommendation for asthma management. Asthma
control assessment by GINA requires lung function as a
part of the assessment. It is difficult to follow the guidelines
completely because it is burdensome and also it takes time
to carry out spirometry in all patients at a busy outpatient
clinic. In developing countries, especially, there are limits
to the availability of spirometry and skilled technicians.
There are many tests which have been developed for the
assessment of asthma control, one of them is the Asthma
Control Test (ACT), a useful tool which is straightforward
to employ. ACT was developed in 2004 and became the
most widely used tool for assessing asthma control.® ACT is
a patient-centered/completed questionnaire about patients’
symptoms and the perception of the level of control over the
previous 4 weeks. The questionnaire consists of 5 questions:
including asthma symptoms (daytime and nocturnal), the
use of rescue medications, the limitation of activity due
to asthma, and the patient’s perception of asthma control.
ACT has been translated and validated in many countries
and in different settings.**** ACT is a good evaluative and
discriminative tool for the assessment of asthma control for
outpatients. Previous studies have shown a strong correlation
between the ACT and the Asthma Control Questionnaire
(ACQ).**® A significant correlation between ACT and the
Asthma Quality of Life Questionnaire (AQLQ) has also been
reported in previous studies.”” However, ACT has moderate
to low correlation with forced expiratory volume in the first
second (FEV ).»1218

ACT has been translated into Thai and used extensively
in many clinical settings in Thailand for many years. The
Thai version of childhood asthma control test (C-ACT)
was validated for children 4 to 11 years and the cut values
of C-ACT for detection of well-controlled asthma was
mentioned.”” However, this tool has never been validated
in Thai adult asthmatic patients. Therefore, the primary
objective of this study was to evaluate the reliability and
establish the validity of the Thai version of the ACT. The
secondary objective was to identify the optimum cut-off
points of ACT for levels of asthma control.

Methods
Study design

This prospective observational study was conducted at
the outpatient asthma clinic at Maharaj Nakorn Chiang
Mai Hospital, a tertiary care hospital in Northern Thailand,
Chiang Mai, Thailand from June to November 2019. The
protocol was approved by the Research Ethics Committee of
the Faculty of Medicine, Chiang Mai University [Institutional
Review Board (IRB) approval number: MED-2562-06285,
date of approval: 28/05/2018].

Study population

The study included asthmatic patients older than
18 years old who attended our outpatient asthma clinic.
The asthma diagnosis was based on GINA guidelines
using patient history and confirmed variable respiratory
airflow limitation.” We excluded patients who had had

an asthma attack or were hospitalized for acute upper or
lower respiratory tract infection within the 4 weeks prior
to enrollment, had coexisting pulmonary disease, had
smoked 10 or more pack-years, or were pregnant. All subjects
provided written informed consent.

Data collection

The ACT is a 5-item questionnaire designed for the
self-assessment of asthma symptoms and perception of
control.® Each item includes five response options with
values ranging from 1 to 5. The summation score of 5 items
yields a score ranging from 5 (poor control of asthma) to 25
(complete control of asthma).® The Thai version of ACT was
translated by GlaxoSmithKline and used in clinical practice
for many years.

We arranged two scheduled physician visits separated by
4 to 12 weeks (baseline and follow-up visit) for each patient.
At each visit, patients completed an ACT questionnaire and
underwent spirometry. Then, the physician interviewed and
assessed the patients in accordance with the asthma control
base described in the GINA guidelines. The classifications
being: controlled, partly controlled and uncontrolled asthma.
The physician was blinded to the ACT score during the
assessment.

Sample size calculation

Based on a previous study, the correlation between the
ACT and the rating of the control of asthma by a physician
was 0.52. An ACT of 19 was used as the cut-point score of
uncontrolled asthma with the highest area under receiver
operating characteristic curve (AuROC), AUC = 0.71.° The
sample size for the study needed to be at least 56 subjects to
give a power = 0.9 with statistical significance set at < 0.05.

Statistical analysis

Baseline characteristics are described using descriptive
statistics. Results for numerical data are expressed as
mean * standard deviation (SD) or median and interquartile
range (IQR) as appropriate. Results with proportion are
expressed as frequencies and percentages. Cronbach’s alpha
was used to determine the internal consistency with regard
to the reliability of the five items of the ACT questionnaires.
Test-retest reliability of ACT was assessed by intraclass
correlation (ICC) between the 2 visits in stable patients.
Concurrent validity of ACT score was evaluated using
Spearman’s rank correlation coefficient between ACT score
and level of asthma control defined by GINA at the baseline
visit. Discriminant validity was evaluated using the Kruskal
Wallis test to determine known group validity by comparing
median ACT score at the baseline visit between three groups
of patients by GINA classification. The accuracy of ACT
as a tool for detection of “not well-controlled” asthma and
“controlled” asthma was determined using sensitivity,
specificity, positive predictive value (PPV), negative predictive
value (NPV), Youdens index and area under receiver
operating characteristic curve (AuROC) from various points
of the ACT score to identify the optimum cut-off point.
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Results

Eighty-five asthmatic patients were enrolled onto the
study and seventy-one patients met the inclusion criteria.
The mean age of patients was 54.2 = 14.7 years old and
40 patients (56.3%) were female. Approximately a quarter
of patients (26.8%) had a history of asthma exacerbation in
the previous year. At the baseline visit, the mean percentage
predicted FEV, was 80.7 + 20.7 and the mean total ACT score
was 22.1 + 3.1. More details are shown in table 1.

Table 1. Demographic data of all subjects

Mean + SD or
Parameters Number n (%)
N=71

Age (years) 54.2 +14.7
Female 40 (56.3)
BMI (kg/m?) 264 +4.8
Age of onset of asthma, median (IQR) (years) 29 (16, 47)
% predicted FEV 80.7 +20.7
Total ACT score 22.1+3.1
History of smoking (yes) 11 (15.5)
Family history of asthma (yes) 24 (33.8)
History of intubation (yes) 10 (14.1)
History of AE in the previous year 19 (26.8)
Correct inhalation technique used 23 (32.4)
Current medications

SABA 3(4.2)

ICS alone 1(1.4)

ICS/LABA 51 (71.8)

ICS/LABA and LAMA 9(12.7)

ICS/LABA, LAMA and biologics 4 (5.6)

Others 3(4.2)
Daily dose of ICS (n = 65)

Low 20 (30.8)

Medium 32 (49.2)

High 13 (20.0)

Abbreviations: BMI, body mass index; IQR, interquartile range; FEV,,
forced expiratory volume in the first second; ACT, Asthma Control Test;
AE, acute exacerbation; SABA, short acting beta agonists; LABA, long acting
beta agonist; ICS, inhaled corticosteroid; LAMA, long acting muscarinic
antagonists.

Reliability

The Thai version of ACT had an internal consistency of
0.75, indicating an acceptable level of consistency between
the five questions on the ACT questionnaire. The test-retest
reliability between the 2 visits of forty-one stable patients
showed an ICC of 0.82 therefore was judged acceptable.

Concurrent validity

There was a statistically significant strong correlation
between ACT score and level of asthma symptom control
defined by GINA at the baseline visit (r = 0.87, p < 0001)
(Figure 1). ACT score does not have correlation with percent
predicted of FEV, and ratio of FEV, to FVC as demonstrated
by Spearman’s correlation (r = -0.04, p = 0.724 and r = -0.06,
p = 0.591, respectively).
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Figure 1. Correlation between ACT score and level of
asthma symptom control defined by GINA at baseline visit.
Note: The dot sizes were weighted by the repeated of ACT score.

Discriminant validity

There were significant differences in the median ACT
score across the three groups of asthma control classified by
GINA (p = 0.006). The median ACT score was lowest and
highest in patients in the uncontrolled group and controlled

group, respectively (Figure 2).
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Figure 2. Difference in median ACT score across the three
groups defined by GINA symptom control

Note: Horizontal lines represent median values. The top and the bottom end
of the box represent the upper quartile and the lower quartile, respectively.
Abbreviations: ACT, Asthma Control Test; GINA, Global Initiative for
Asthma
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Accuracy in screening for “not well-controlled” asthma

The efficacy of the Thai ACT score for the detection
of “not well-controlled” asthma (uncontrolled and partly
controlled) across various cut-point scores of ACT is
summarized in Table 2. The cut-point score of < 22 had the
highest AuROC with a sensitivity of 96.4%, a specificity of
93.0%, PPV of 90.0%, NPV of 97.6% and a Youdens index
of 0.89. ROC for identifying not well-controlled asthma as
defined by the GINA 2016 classification using ACT is shown
in Figure 3. A cut-point of 22 was closest to the top corner of
the curve with an AuROC = 0.99 (95%CI; 0.98, 1.00).

Only subjects with “not well-controlled” asthma were
included for evaluation of a cutoff ACT score between partly
controlled and uncontrolled asthma. The cut-point score
of < 19 had the highest AuROC with a sensitivity of 84.6%,
specificity of 86.7%, PPV of 84.6%, NPV of 86.7% and a
Youden’s index of 0.71 (Table 3).
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Figure 3. ROC for identifying not well-controlled asthma as
defined by GINA 2016 classification using ACT

Table 2. Performance of the ACT score at different cut-off points for detecting the GINA category of not well-controlled
asthma [not well-controlled (partly controlled/uncontrolled) vs. controlled] (N = 71)

ACT score Sensitivity (%) Specificity (%)
<13 3.6 100.0
<14 7.1 100.0
<15 14.3 100.0
<16 25.0 100.0
<17 32.1 100.0
<18 35.7 100.0
<19 46.4 100.0
<20 60.7 100.0
<21 82.1 100.0
22 96.4 93.0
<23 100.0 83.7
<24 100.0 30.2

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

100.0

48.3

Youden's Index

61.4 0.04 0.52
62.3 0.07 0.54
64.2 0.14 0.57
67.2 0.25 0.63
69.4 0.32 0.66
70.5 0.36 0.68
74.1 0.46 0.73
79.6 0.61 0.80
89.6 0.82 0.91
100.0 0.84 0.92
100.0 0.30 0.65

Abbreviations: ACT, Asthma Control Test; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve

Table 3. Performance of the ACT score at different cut-off points for detecting the GINA category of partly controlled
asthma vs. uncontrolled (n = 28).

ACT score NPV (%) Youden's Index

Sensitivity (%)

Specificity (%)

100

100.0

100.0

100.0

100.0

100.0

[
N
N

=N
e
o

26.7

6.7

100.0
100.0
100.0
100.0

100.0

100.0

Abbreviations: ACT, Asthma Control Test; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve
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Discussion
This prospective observational study demonstrated

that the Thai version of ACT score had an acceptable level
of reliability and validity for Thai adult asthma patients.
Our study showed an acceptable internal consistency with
a Cronbach’s alpha of 0.75. Our results were comparable to
the previous studies investigating the original version and
other language versions of the ACT score with a range from
0.72 to 0.85.512!%20 In the case of test-retest reliability which
had an ICC in this study of 0.82, the results were supported
by previous findings which had a range of 0.77-0.93.910142021
For concurrent validity, we found a strong correlation
between the ACT score and GINA based assessment
(r = 0.87, p < 0.001) which again corresponded with the
findings of previous studies (correlation coefficient (r) ranged
from 0.45 to 0.89).89111420

In terms of cut-off points of ACT score for detection
of level of asthma control, our study found that an ACT of
22 or less had an optimal balance of sensitivity (96.4%)
and specificity (93.0%) with the best AUC (0.95) for
differentiation between “well-” and “not well” controlled
asthma. Moreover, we also showed that the value of 19
as a cut-off point of ACT had the highest AUC (0.86) for
differentiation between “partly” and “uncontrolled” asthma.
The goal for asthma therapy is controlled or completely
controlled asthma, so our aim is to screen all patients which
were “not well-controlled” to optimize their treatment. This
was in contrast to many of the previous studies®*'»*>** which
only aimed to screen “uncontrolled asthma” and did not
include partly controlled asthma. Therefore, the ACT score
from previous studies (original: 19, USA: 19, China: 19,
Vietnam: 19, Turkey: 19) was lower than ours. However, our
cut off-point (ACT < 22) was similar to that reported by a
study carried out in Japan,” which suggested that an ACT
of 23 or more was an optimal cut-off point for identifying
well-controlled asthma.

Our study has several limitations. Firstly, the survey was
conducted in a single center in the northern part of Thailand
therefore the results may not be directly transferrable across
ethnicity and geographical location. Also, the mean age of
the patients in this study was higher than that in general
asthma populations, therefore; again, the findings may not
be generalized to all age groups of adult asthma in Thailand.
The local language is widely used in northern Thailand,
especially in the elderly, but the Thai version of ACT was
translated into formal Thai language. This could pose
a language barrier. This finding may be not applicable to all
asthma patients especially the area that has local language.
Therefore, the multicenter studies that include Thai people
from every parts of Thailand should be done to confirm the
validity of Thai ACT. Moreover, dialectal version of ACT score
should also be validated and compare with the formal version
as had been done in chronic obstructive pulmonary disease
assessment test.” In addition, there was a patient selection
bias as we enrolled only participants from a specialist clinic.
Therefore, the results may not be generalized to all asthma
patients in other settings such as those being treated in a
general practitioner clinic or general internal medicine clinic.

The study of Thai ACT validity in those settings should be
done as validation of ACT in Chinese primary care settings.**
The correlation between ACT and physician rating was
higher in teaching hospitals than in primary setting. This
finding could be from better education of the enrolled
patients in teaching hospitals. Finally, we did not have the
true gold standard test for assessing asthma control. However,
the asthma control level based on the GINA guidelines
(well controlled, partly controlled and uncontrolled asthma)
was used in the previous studies therefore our findings are
comparable on that level.!>!**

Conclusion

The Thai version of the ACT score is reliable and is a valid
tool for the evaluation of asthma control and the ACT score
cut points of 22 and 19 could be used to differentiate between
“well” vs. “partly” and “partly” vs. “uncontrolled” asthma in
cases of Thai adult asthma.
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