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Abstract

Several tools are useful in detecting uncontrolled asthma in children. The aim of this study
was to compare GINA guidelines with the Childhood Asthma Control Test (C-ACT) and the
Asthma Control Test (ACT) in detecting uncontrolled asthma in children.

145 children with asthma filled in a web-based daily diary card for 4 weeks on symptoms, use
of rescue medication and limitations of activities, followed by either the C-ACT or ACT. For
predicting uncontrolled asthma, cut-off points of 19 for C-ACT and ACT were used.

According to GINA guidelines, asthma was uncontrolled in 71 children (51%) and completely
controlled in 19 children (14%). The area under the curve (AUC) in the Receiver Operating
Characteristic (ROC) curves for C-ACT and ACT versus GINA guidelines were 0.89 and
0.92, respectively. Cut-off points of 19 for C-ACT and ACT resulted in a sensitivity of 33%
and 66% in predicting uncontrolled asthma, respectively.

C-ACT and ACT correlate well with GINA criteria in predicting uncontrolled asthma, but
commonly used cut-off points for C-ACT and ACT seem to underestimate the proportion of
children with uncontrolled asthma as defined by GINA.
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Introduction

Based on recent asthma guidelines, like the Global Initiative for Asthma (GINA) guidelines,
asthma treatment focuses on achieving and maintaining asthma control rather than on asthma
severity (1-5). A step-up in treatment is advised in order to achieve asthma control in
uncontrolled patients. GINA guidelines state that “it is reasonable to expect that in most
patients with asthma, control of the disease can and should be maintained”. However, despite
the availability of guidelines, a substantial proportion of adults as well as children with
asthma is not optimally controlled (6-10).
Several tools have been developed to determine the level of control and to guide treatment (1117)

. Amongst them is the Asthma Control Test (ACT), which consists of 5 items and has been

shown useful in the detection of poorly controlled asthma in adults and children above the age
of 12 (12). More recently, a 7-item Childhood ACT (C-ACT) has been validated in children 4 –
11 years of age (14). A cut-off point ≤ 19 was selected to indicate uncontrolled asthma for both
questionnaires. The Asthma Control Questionnaire (ACQ) is perhaps the most used
questionnaire worldwide and consists of seven items on symptoms, use of rescue medication
and pulmonary function (11). Moreover, a shortened version with five or six items has been
validated (16). Although the ACQ has recently been validated for use in children 6 – 16 years
of age (17), there is limited experience with this questionnaire in children.
C-ACT, ACT and ACQ have been used extensively in clinical trials. Despite definition of
asthma control in GINA guidelines, the gold standard for determining asthma control in most
studies was an estimation of the degree of asthma control by a physician (13, 14, 18-20). In
general, this estimation was based on a single outpatient visit (13, 14, 18, 20) and expressed in
scores ranging from 1 (totally uncontrolled) to 5 (well controlled) (13, 14) or three groups of
control status (uncontrolled, partly controlled or controlled) (18, 20). However, several studies
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have shown that both patients and their doctors tend to overestimate the level of control and
the extent of improvement achieved with therapy (6-8, 10, 21, 22). Four recently published studies
compared ACT or ACQ with asthma control as assessed by GINA guidelines (23-26). Three of
them included children above the age of 12 (23, 25, 26). Three studies used the ACQ (23, 24, 26) and
one used the ACT (25).
Until now, no studies have been published comparing C-ACT and ACT to GINA criteria in
children. The aim of this study was to compare the results of the ACT and the C-ACT with
GINA guidelines in detecting uncontrolled asthma in children.

Methods

This prospective study is the extension of a study validating a web-based version of the CACT and ACT (in press Pediatric Pulmonology). After completing three web-based or paperbased questionnaires, participants filled in a web-based daily diary card on symptoms, use of
rescue medication and limitations of activities for a period of 4 weeks. At the end of this
period they completed either the C-ACT (4 – 11 years old) or the ACT (12 years and older).

Study population
Children with asthma, treated in the outpatient clinics of 4 general hospitals and 2 university
hospitals, were eligible for this study. Almost all children were treated with inhaled
corticosteroids. Children, and parents of children in the younger age group (4 – 11 years), had
to be able to speak the Dutch language and should have Internet access at home. Children
with lung diseases other than asthma were excluded from the study.
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The study was approved by the Medical Ethical Committees of the participating hospitals. All
parents and children from the age of 12 signed an informed consent form before entering the
study.

Diary and GINA guidelines
The web-based diary card was filled in once a day, in the afternoon or evening, during four
consecutive weeks and was based on GINA criteria (table 1) (1). In this study we used slightly
modified criteria, since we didn’t take lung function into account in assessing asthma control.
Patients were allowed to fill in diary cards for the preceding 3 days. Diary cards contained
questions on daytime symptoms, nocturnal symptoms, limitation of activity and use of rescue
medication. Daytime symptoms as coughing, wheezing and shortness of breath were scored
on a scale from 0 (no complaints) to 3 (complaints during most of the day). In the same way,
nocturnal symptoms as coughing, wheezing and shortness of breath were scored from 0 (no
complaints) to 3 (hardly no sleep due to respiratory symptoms). Limitation of activity ranged
from 0 (no limitations) to 3 (severe limitation of activities) as well. Children and/or their
parents could report the use of rescue medication as extra puffs taken.
Access to the web-based diary was granted by a personal account with username and
password. After logging in to the secured Internet page, participants could answer the
questions by clicking the appropriate box. After finishing the questions for a single day,
results were submitted.
Control status in any week was assessed according to GINA criteria. An overall score was
determined after 4 weeks, being the worst score of control status in any week. A minimum of
five completed diary days in one week was considered the minimum to consider the weeks’
data in the final assessment of asthma control.
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Childhood Asthma Control Test
The Childhood Asthma Control Test consists of 7 items, addresses the previous four weeks
and is divided into two parts (14). One part is filled in by the child and consists of 4 questions
on perception of asthma control, limitation of activities, coughing and awakenings a night.
Each question has 4 response options. The second part is filled in by the parent or caregiver
and consists of 3 questions (daytime complaints, daytime wheezing and awakenings at night)
with 6 response options. The sum of all scores yields the C-ACT score, ranging from 0
(poorest asthma control) to 27 (optimal asthma control). A cut-off point ≤ 19 indicates
uncontrolled asthma (14).

Asthma Control Test
The Asthma Control Test is a patient-completed questionnaire and consists of 5 items
evaluating the preceding 4 weeks (limitation of activities, shortness of breath, awakenings at
night, use of reliever medication and patient’s perception of asthma control) (12, 13). Each
question has 5 response options, resulting in scores of 1 – 5. The sum of all scores yields the
total ACT score, ranging from 5 (poorest asthma control) to 25 (optimal asthma control). It
has been validated from the age of 12 and a score ≤ 19 indicates poorly controlled asthma .
In this study we used the Dutch version, translated by the MAPI-research institute in Lyon,
France.

Study protocol
During a regular visit at the pediatric outpatient clinic, 234 children were asked to participate.
173 children (74%) were prospectively included in the study, which was carried out between
December 2008 and July 2009. After completing three web- or paper-based questionnaires,
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145 participants proceeded into an extended study and filled in a web-based daily diary card,
followed by the C-ACT or ACT. A flow chart of the study is shown in figure 1.

Statistical analysis
The diagnostic value of the C-ACT and ACT to detect uncontrolled asthma as defined by
GINA criteria was quantified by calculation of area under the curve (AUC) of Receiver
Operating Characteristic (ROC) curves. Sensitivity, specificity, positive predicting value,
negative predicting value and percentage correctly classified were calculated for different cutoff points of C-ACT and ACT when compared to GINA criteria for uncontrolled asthma.
Pearson Chi-Square was used to determine differences in GINA-defined control status
between children with missing weeks and children with complete diaries. The Mann-Whitney
test was used to compare ACT and C-ACT scores between control status groups according to
GINA. P = 0.05 (two-sided) was the limit of statistical significance.

Results

Out of 173 included children, 145 children filled in the diary cards. The main reason for
refusal to participate was lack of interest, whereas one patient did not have Internet access.
Baseline characteristics are shown in table 2 . During the study period no medication changes
or exacerbations occurred in the study population. Children who failed to fill in their diaries
did not differ in baseline characteristics from participants.

145 children completed at least one diary day. As the study period for the diary comprised 28
days, there were 4060 possible diary days. At the end of the study, 3266 diary days (80%)
were filled in. Seventy one out of 139 patients (51%) had uncontrolled asthma in at least one
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week. Of these 71 children, 25 children were uncontrolled in 1 week, 20 children were
uncontrolled in two weeks, 12 children in 3 weeks and 14 children were uncontrolled in all
four weeks. Only 19 patients (14%) were classified as controlled, including 7 children with
missing weeks. There were no differences in GINA-defined control between children with
missing weeks and children with complete diaries (p = 0.713).

Median C-ACT score was 23 (Interquartile Range (IQR) 20.5 – 24), median ACT score was
21 (IQR 18.5 – 24). Overall, 17% (13/78) in the younger age group and 33% (19/57) in the
older age group had uncontrolled asthma according to a C-ACT or ACT score ≤ 19. Table 3
shows ACT and C-ACT outcomes in relation to asthma control according to GINA criteria.

Comparing C-ACT to GINA criteria for uncontrolled asthma resulted in an AUC of the ROC
curve of 0.89 (95% CI 0.82 – 0.96). Using a cut-off point ≤ 19 for detecting uncontrolled
asthma with the C-ACT, this resulted in a sensitivity of 33% (13/39) and a specificity of
100% (39/39) for the C-ACT. When comparing the ACT to GINA criteria for uncontrolled
asthma, we found an AUC of the ROC curve of 0.92 (95% CI 0.84 – 0.99). For detecting
uncontrolled asthma with the ACT, a cut-off point ≤ 19 resulted in a sensitivity of 66%
(19/29) and a specificity of 100% (28/28). ROC curves for C-ACT and ACT versus
uncontrolled asthma according to GINA criteria are shown in figure 2. Excluding children
with missing weeks resulted in an AUC of 0.89 (95% CI 0.80 – 0.98) and 0.91 (95% CI 0.81
– 1.01) for C-ACT (n = 47) and ACT (n = 36) in predicting uncontrolled asthma, respectively.
Table 4 and 5 show the performance of C-ACT and ACT in predicting uncontrolled asthma
for different cut-off points, respectively.
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Out of a total of 458 weeks with sufficient diary days, 157 weeks were classified as
uncontrolled, 156 weeks as partially controlled and 145 weeks as controlled according to
GINA criteria. Of 1032 evaluable days in weeks with uncontrolled asthma, daytime
symptoms occurred in 834 days (81%), limitations of activities in 641 days (62%), nocturnal
symptoms in 573 days (56%) and rescue medication in 553 days (54%). Of 1015 evaluable
days in weeks with partially controlled asthma, 289 days were scored because of daytime
symptoms (28%), 285 days because of limitations of activities (28%), 178 days because of the
use of rescue medication (18%) and 88 days were scored because of nocturnal symptoms
(9%). Children with a week of uncontrolled or partially controlled asthma are failing on the
characteristics of daytime symptoms and limitations of activities in particular. Surprisingly,
rescue medication was not used as often as the amount of days with complaints.

Discussion

In this prospective study we compared the results of the C-ACT and ACT with GINA criteria
in predicting uncontrolled asthma. We found a good predictive value of both the C-ACT and
the ACT for detecting uncontrolled asthma as compared to GINA guidelines. Overall control
status in this group of children, using questionnaires to determine the level of control, was
acceptable. However, when GINA criteria were used to assess asthma control, a large
proportion of children had uncontrolled asthma in at least one out of four weeks (71 of 139
patients, 51%) when symptoms were scored. This high percentage of children with at least
one week of uncontrolled asthma might possibly be explained by intercurrent infections, in
particular as children were included during winter and spring and the majority had
uncontrolled asthma in only 1 or 2 weeks.
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Comparing the C-ACT and ACT to GINA criteria, we found an excellent predictive value
with an AUC of 0.89 and 0.92, respectively. Using a cut-off point ≤ 19 for both tests in
predicting uncontrolled asthma, specificity for both tests was 100%; however, sensitivity was
low. As children with missing weeks were probably misclassified and overrated in their
control status (in case missing weeks were uncontrolled weeks), in this study we might even
have overestimated the sensitivity. This low sensitivity is remarkable and suggests that
overestimation of asthma control by patients and/or their parents is considerable, as
mentioned in previous publications (6-8, 10, 21).

On the basis of the findings in this study and presuming that GINA criteria are the gold
standard for control status, one could argue that cut-off points for ACT as well as C-ACT
should be increased. However, this study was not designed for validation of these
questionnaires and the sample of included patients is too low for such an exercise. A
limitation in our study is that we failed to systematically rate the control status by the treating
paediatrician. This would have been of special interest as a large proportion of children was
classified as uncontrolled by GINA criteria. According to GINA guidelines this would have
had the implication of augmenting treatment, usually by increasing inhaled corticosteroid
doses. It also raises the question, whether the GINA criteria are probably too strict, as from a
clinical point of view those children with one week uncontrolled asthma, due to a short
increase in symptoms in a viral infection period, will usually not be treated that way.
However, in daily practice GINA criteria will usually not be based on dairy cards, but on
reporting symptoms, so likely be underreported (7). A second limitation of this study is that we
included no follow-up period, so we cannot report on the value of (C)-ACT as a predictor of
future exacerbations, which might be an additional aspect of control status.
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Most studies use doctor’s rating as the gold standard for assessing asthma control and only a
few studies assessed asthma control according to GINA criteria. The first study using GINA
criteria was published in 2006 by Juniper et al, comparing ACQ with GINA criteria in
patients 12 – 80 years old (23). Modified GINA criteria were used to determine the optimal cutoff point for the ACQ and a correlation of 0.76 (no p-value) for ACQ and GINA criteria was
found. Second, van den Nieuwenhof et al investigated the correlation of ACQ and GINA
criteria in adults (24). Out of 108 asthma patients, 20% was defined as poorly controlled and
53% as very poorly controlled according to GINA criteria in a 4-week registration period. An
optimal sum score cut-off value of 4.00 points for ACQ in discriminating between
well/moderately controlled asthma and poorly/very poorly controlled asthma was found. A
third study using GINA criteria by Thomas et al compared ACT to GINA criteria in almost
3000 patients ≥ 12 years of age (25). Asthma control was defined according to modified GINA
criteria from single patient and physician response forms with reference to the previous 4
weeks. 68% of patients had uncontrolled asthma according to GINA criteria. The AUC of the
ROC curve for ACT was 0.84. Using a cut-off point ≤ 19 in predicting uncontrolled or partly
controlled asthma, they found a sensitivity of 60% and a specificity of 92%, comparable to
our data. Recently, O’Byrne et al compared three classification systems on asthma control
(GINA criteria, GOAL criteria and ACQ) in a large group of patients aged 12 years and older
(n = 8188) (26). GINA and GOAL criteria agreed very well and GINA controlled/partly
controlled and GOAL totally controlled/well controlled correlated with an ACQ-5 score <
1.00.

In conclusion, C-ACT and ACT compared to GINA guidelines demonstrate good agreement.
However, applying GINA criteria resulted in a large proportion of children with uncontrolled
asthma for at least one out of four weeks. With commonly used cut-off points of C-ACT and
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ACT (≤ 19), a fairly large proportion of children is considered controlled, although GINA
criteria suggest that they are uncontrolled for at least one out of four weeks. Specificity in
detecting uncontrolled asthma was high, but sensitivity was low. Therefore, C-ACT and ACT
using generally used cut-off points might underestimate the proportion of children with
uncontrolled asthma. Further studies in children are necessary to compare different control
measurements with doctor’s rating of control status and study the predictive value for future
exacerbations.
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Characteristic

Controlled (all of the

Partly controlled (any

following)

measure present in any

Uncontrolled

week)
Daytime symptoms

None (< 3 / wk)

> 2 / wk

3 or more features of

Limitations of activity

None

Any

partly controlled asthma

Nocturnal symptoms

None

Any

present in any week

Need for rescue treatment

None (< 3 / wk)

> 2 / wk

Lung function (FEV1 or

Normal

< 80% predicted or

PEF)
Exacerbations

personal best
None

1 or more / yr

1 in any week

Table 1: control status according to GINA guidelines.
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4 – 11 yrs

12 – 18 yrs

n = 84

n = 61

8.5 ± 2.3

13.9 ± 1.5

Male

54 (64%)

36 (59%)

Female

30 (36%)

25 (41%)

Duration of asthma (yrs)

4.7 ± 2.9

8.2 ± 4.3

0

78 (93%)

56 (92%)

1

5 (6%)

3 (5%)

2

1 (1%)

2 (3%)

0

76 (91%)

53 (87%)

1

5 (6%)

3 (5%)

2

3 (4%)

4 (7%)

3

0

1 (2%)

400 (200 – 500)

400 (200 – 500)

No

60 (71%)

19 (31%)

Yes

24 (29%)

42 (69%)

No

74 (88%)

49 (80%)

Yes

10 (12%)

12 (20%)

101.3 ± 16.9

96.6 ± 12.9

12.0 (7.9 – 18.9)

17.2 (10.1 – 32.0)

Characteristic
Age (yrs)
Gender

Hospital admissions last year per child

Courses of oral steroids last year per child

Daily dose of ICS *
Use of long acting beta-mimetics

Use of leukotriene receptor antagonists

FEV1 (% predicted) #
FeNO (ppb) (n = 113) #

Table 2: baseline characteristics of children who completed at least one diary day (n = 145). Data are shown as
absolute numbers (%), as median (interquartile range) or as mean ± SD. *: Daily dose of ICS = daily dose of
inhaled corticosteroids as an equivalent of budesonide. #: Measurement of FEV1 (Forced Expiratory Volume in
1 second) and FeNO (Fraction of exhaled Nitric Oxide) within six months prior to the start of the study.
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GINA

Age 4-11 years

C-ACT score

Age 12-18 years

ACT score

Uncontrolled

41 (51%)

21 (6-26)

30 (52%)

18 (10-24)

Partially Controlled

26 (32%)

23 (20-27)

23 (40%)

23 (20-25)

Controlled

14 (17%)

27(23-27)

5 (9%)

25 (24-25)

81

23 (6-27) #

58

21 (10-25) $

Total group of children

Table 3: ACT and C-ACT outcomes in relation to asthma control according to GINA criteria. Data shown are
numbers of patients (%) or median (range); # n=78, $ n=57.
All pairwise differences between the three Gina control categories regarding median values of C-ACT scores
were significant (all p<0.002). The same applied to the ACT scores.
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Cut-off point

Sensitivity

Specificity

PPV (%)

NPV (%)

% Correctly

(%)

(%)

≤ 17

18

100

100

55

59

≤ 18

23

100

100

57

62

≤ 19

33

100

100

60

67

≤ 20

49

97

95

66

73

≤ 21

62

95

92

71

78

≤ 22

82

85

84

83

83

≤ 23

85

64

70

81

74

≤ 24

97

44

63

94

71

Classified

Table 4: performance of the C-ACT with various cut-off points as compared with GINA criteria for assessing
uncontrolled asthma in 78 patients aged 4 – 11 years. PPV: positive predicting value. NPV: negative predicting
value.
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Cut-off point

Sensitivity

Specificity

PPV (%)

NPV (%)

% Correctly

(%)

(%)

≤ 17

45

100

100

64

72

≤ 18

55

100

100

68

77

≤ 19

66

100

100

74

82

≤ 20

76

96

96

79

86

≤ 21

86

75

78

84

81

≤ 22

90

64

72

86

77

≤ 23

93

54

68

88

74

≤ 24

100

21

57

100

61

Classified

Table 5: performance of the ACT with various cut-off points as compared with GINA criteria for assessing
uncontrolled asthma in 57 patients aged 12 – 18 years. PPV: positive predicting value. NPV: negative predicting
value.
Figure 1
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Figure 2
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