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ABSTRACT: The present authors explored the relationship between asthma control status,

measured using a derived Asthma Control TestTM (ACT) score, and utilisation of healthcare and

its cost in eight Asia-Pacific areas.

Patients were included if they were aged o12 yrs and had participated in a recent survey of

asthma patients. Patient-reported frequency of healthcare resource use was used to estimate the

cost of asthma care. The ACT score was derived from survey questions identical or similar to the

items comprising the ACT.

An ACT score was derived for 2,062 patients, of whom 59% (1,220) scored ,20, suggesting that

their asthma was not well controlled, and with 21% (423) scoring ,15, suggesting poorly

controlled asthma. The mean per-patient annual cost of asthma management for patients with a

derived ACT of ,15 was US$861 (95% confidence interval: US$686–1,042); US$319 (US$286–357)

for patients with a derived ACT score of 15–19, and US$193 (US$173–214) for patients with a

derived ACT score of o20. A higher derived ACT score was associated with significantly lower

annual expenditure on asthma management.

Poorer asthma control was associated with an increased frequency of all unscheduled

healthcare and elevated cost. This finding was consistent across a range of Asia-Pacific areas.
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A
sthma is a common chronic disease that
poses a major public health problem in
Asia Pacific [1–3]. Amongst teenagers in

the region, .8% have reported wheeze in the
past 12 months and .12% have diagnosed
asthma [4]. Despite the availability of national
and international guidelines, asthma manage-
ment is grossly suboptimal worldwide [2, 5–9].
The Asthma Insights and Reality in Asia-Pacific
(AIRIAP) survey, involving asthma subjects from
eight areas (China, Hong Kong, Korea, Malaysia,
the Philippines, Singapore, Taiwan and Vietnam)
has demonstrated that the disease causes sub-
stantial morbidity, utilisation of healthcare
resources and absence from work/school, espe-
cially in those with more severe disease.

Increased resource use and cost have been
reported in patients experiencing asthma exacer-
bations [10], and in those with more severe
disease or symptoms [11, 12]. Indeed, the
AIRIAP dataset has shown that the total per-
patient direct costs amount to 13% of per capita

gross domestic product and 300% per capita
healthcare spending, with asthma severity as
one of the major determinants of high cost [3].
While it has been shown that asthma control is
associated with increased utilisation of both acute
and routine healthcare in the USA and Western
Europe [13], similar data is lacking in the Asia-
Pacific region.

Despite the recognised importance of asthma
control [14–16], there is continued debate on how
to assess control in a way that both supports
management and is easy to use in practice [17–
19]. A simple five-item patient-completed ques-
tionnaire, the Asthma Control TestTM (ACT), has
been developed for asthma patients aged
o12 yrs and is found to compare well with
asthma specialists’ global assessment of asthma
control [20, 21]. The questions ask patients to
report, for the previous 4 weeks, on limitations to
activities; shortness of breath; night-time awa-
kening; use of rescue medication; and perception
of control. Completion of the ACT results in a
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potential score of between 5 and 25; a score of o20 indicates
‘‘well controlled’’ asthma and a score of ,15 suggests ‘‘poorly
controlled’’ asthma [21].

The five items in the ACT were similar to five of the questions
in the AIRIAP survey. Thus it was possible to derive ACT
scores for the participants in this survey to provide an estimate
of their level of asthma control. It was also possible to examine
the relationships between asthma control, as indicated by the
derived ACT scores, health resource use and cost.

METHODS
Patients were included in this analysis if they took part in the
AIRIAP study and were o12 yrs of age. Data selected from
AIRIAP included demographical variables, reported asthma
symptoms, activity limitations and use of scheduled and
unscheduled healthcare over the preceding 12 months. A
symptom severity index similar to that used in the Global
Initiative for Asthma (GINA) guidelines has been developed
for use with the Asthma Insights and Reality (AIR) datasets,
which divides patients into four categories of symptom
severity: mild intermittent, mild persistent, moderate persis-
tent and severe persistent [9]. Per-patient costs were derived by
multiplying reported frequency of in-patient stay, hospital
emergency room visits, physician contacts and asthma-related
drug use by country-specific unit costs. Only direct per-patient
costs were included and costs are reported in US$ for the year
2000. The methodology used to assess costs is reported in
detail elsewhere [3].

Both the ACT and AIRIAP responses are based on a recall
period of 4 weeks and a number of the questions elicit similar
information. A mapping algorithm was developed to estimate
ACT responses from the AIRIAP items, using questions that
were similar or identical in the two questionnaires (Appendix
1). The score for each ACT item was estimated for each eligible
patient for whom sufficient data was recorded for the mapping
algorithm to generate a response.

Patients were divided into three groups: those with a derived
ACT of o20, an ACT of 15–19 and an ACT of ,15 [21]. The
number and percentage of patients in each ACT group
reporting hospital contact (in-patient stay or emergency room
visit) or other unscheduled physician care over the past 12

months was calculated, as was the average per-patient cost of
scheduled and unscheduled care over the previous 12 months.

In order to further explore the determinants of the cost of care,
multiple regression of per-patient cost against country,
symptom severity, demographics and ACT score was under-
taken. A regression analysis was conducted.

This analysis closely follows the methodology used to explore
cost and control in the Western European AIR study [22].

RESULTS
Of the 3,207 patients included in the AIRIAP survey, 2,478
were aged o12 yrs and so were eligible for inclusion in this
analysis. An ACT score was evaluable for 2,062 (83%) of these
patients. The most common reason for exclusion was that the
data recorded were not sufficient to determine the frequency
with which relief inhalers were required (ACT question 4).

The mean age of eligible respondents was 38 yrs, ranging from
32 yrs in Malaysia to 45 yrs in China. Of the respondents, 54%
were female, with Hong Kong having the lowest percentage
(39%) and Korea the highest percentage (69%). Twenty per cent
were smokers, ranging from 13% in Vietnam to 27% in the
Philippines. Slightly more than half (52%) of the patients
included reported mild intermittent asthma symptoms,
although more than half of the patients reported persistent
symptoms in China, Korea and Vietnam. The characteristics of
the eligible patients are summarised in table 1.

A high percentage of patients reported frequent asthma
symptoms: 50% of patients (1,242) reported activity limitation
all, most or some of the time (responses 1–3 on ACT question
1); 28% (695) reported shortness of breath three times or more a
week (responses 1–3 on ACT question 2); 33% (815) reported
that asthma symptoms woke them up at night or earlier than
usual in the morning once a week or more (responses 1–3 on
ACT question 3) and 44% of patients (1,101) reported use of a
rescue inhaler ‘‘a few times a week’’ or more often (responses
1–3 on ACT question 4). Despite the high percentage of
patients reporting symptoms and rescue medication use, 64%
(1,589) of patients reported that they would rate their asthma
as well controlled or completely controlled (responses 4–5 on
ACT question 5) (fig. 1).

TABLE 1 Characteristics of eligible patients

China Hong Kong Korea Malaysia The Philippines Singapore Taiwan Vietnam Total

Number eligible n 381 349 252 342 230 271 295 358 2478

Age yrs 45.7¡21.5 35.6¡18.9 43.9¡16.5 32.6¡15.1 35.9¡17.3 33.9¡18.3 41.1¡22.2 40.3¡16.8 38.8¡19.1

Females# 51 39 69 55 58 55 53 60 54

Smokers 19 21 20 19 27 21 25 13 20

Symptom severity

index

Mild intermittent 46 59 48 57 60 65 55 30 52

Mild persistent 23 14 19 23 14 19 19 23 20

Moderate persistent 14 17 18 11 11 12 15 28 16

Severe persistent 17 10 14 8 15 4 11 18 12

Data are presented as mean¡SD or %, unless otherwise indicated. #: Sex not recorded for six patients.
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Of the patients with an evaluable ACT score, 59% (1,220)
reported a derived ACT score of ,20, and 21% (423) a derived
ACT score of ,15. The derived ACT was at the best possible
value of 25 for only 1% of patients [22] in the survey. There
appeared to be an association between a lower derived ACT

score and a more severe symptom severity. However, a small
number of patients reporting severe persistent symptoms had
a derived an ACT score of o20 (n521; 7%). One-third (n5337;
34%) of patients who reported intermittent symptoms had a
derived ACT score of ,20 (table 2). Of patients with persistent
asthma symptoms of any severity, 83% (883) reported a
derived ACT score of ,20 and 37% (395) a derived ACT score
of ,15 (table 2).

Of patients with a derived ACT score of ,20, 34% (415)
reported hospital contact (in-patient care or emergency room
visit). Unscheduled healthcare related to asthma, including in-
patient care, an emergency room visit or an unscheduled
primary care visit was reported at least once in the previous
year by 52% (637) of patients with a derived ACT score of ,20.
For patients with a derived ACT score of ,15, the respective
figures were 52% (221) and 68% (286). Of patients with a
derived ACT score of o20, 13% (108) had hospital contact and
34% (285) reported unscheduled healthcare use (table 3).

Mean per-patient total annual cost of asthma management was
US$193 (95% confidence interval (CI): US$173–214) in patients
with a derived ACT score of 20 or above; US$319 (US$286–357)
in patients with a derived ACT score of 15–19 and US$861
(US$686–1,042) in patients with a derived ACT score of ,15.
Mean per-patient costs varied markedly between areas. In all
areas, cost was highest for patients with a derived ACT score
of ,15 and was lowest for those with a derived ACT score of
o20, except for the Philippines (fig. 2).
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FIGURE 1. Derived responses to each of the Asthma Control TestTM (ACT)

questions. Question 1: activity limitation; question 2: shortness of breath; question

3: night-time awakening; question 4: use of rescue medication; question 5: patient

perception of control. &: response 1; &: response 2; &: response 3; &: response

4; h: response 5.

TABLE 2 Derived Asthma Control TestTM (ACT) scores and asthma symptom severity

Patient group# Derived ACT score

Total ,20

Derived ACT

score
Total n

5–14 15–19 20–25

All patients 423 (21) 797 (39) 1220 (59) 842 (41) 2062

Mild intermittent symptoms 28 (3) 309 (31) 337 (34) 658 (66) 995

Mild persistent symptoms 35 (9) 233 (57) 268 (66) 140 (34) 408

Moderate persistent symptoms 157 (42) 193 (52) 350 (94) 23 (6) 373

Severe persistent symptoms 203 (71) 62 (22) 265 (93) 21 (7) 286

Data are presented as n (%), unless otherwise indicated. All percentages refer to the number in the ACT group as percentage of row total. #: ACT was not evaluable for

416 out of 2,478 eligible patients. See text for more details.

TABLE 3 Derived Asthma Control TestTM (ACT) scores and use of healthcare resources

Derived ACT score

Total ,20

Derived ACT

score
Total

5–14 15–19 20–25

Subjects n 423 797 1220 842 2062

Hospital contact# 221 (52) 194 (24) 415 (34) 108 (13) 523 (25)

Any unscheduled care" 286 (68) 351 (44) 637 (52) 285 (34) 922 (45)

Data are presented as the number of patients (% of ACT group) reporting in previous 12 months, unless otherwise indicated. #: Defined as in-patient stay or emergency

room visit; ": defined as hospital contact or emergency primary care physician visit.
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For patients with a derived ACT score of ,15, unscheduled
healthcare resource use accounted for 78% of direct healthcare
cost (US$673 per patient; 95% CI US$519–887). For patients
with a derived ACT score of 15–19, unscheduled care
accounted for 54% of cost (US$173 per patient; US$140–210)
and for patients with a derived ACT score of o20, 43% of cost
(US$84 per patient; US$69–101). This pattern of increasing
spending on unscheduled healthcare as a proportion of direct
healthcare cost in association with worsening asthma control
was found across most areas. Unscheduled healthcare con-
stituted the majority of health spending in Hong Kong, but
only accounted for a minority of spending in the Philippines.

The regression analysis found that, after correcting for country
and symptom severity, a higher derived ACT score was
associated with significantly lower expenditure on asthma
management (p,0.01).

DISCUSSION
This analysis derived ACT scores in a large cohort of asthma
patients in the Asia-Pacific area and provides new evidence
quantifying the link between asthma control and unscheduled
healthcare resource use and cost. Poorer asthma control, as
measured by derived ACT, was associated with a higher
requirement for hospitalisation and unscheduled healthcare
over the previous year and elevated cost.

There are limitations to this study. First, the ACT scores were
derived retrospectively from questions in the AIRIAP survey
that did not perfectly match the ACT questions. Secondly, the
questions were administered in the context of a much larger
questionnaire and framing effects may distort the scores
achieved. Third, healthcare resource use was based on patient
recall over a period of 1 yr, which could potentially introduce
further inaccuracy [23], although recall of emergency events in
particular has been found to be acceptable over such a period
[24]. Other limitations include pooling of heterogeneous
country data, and costing based on patient recollection of
events. This analysis includes areas with substantially different
levels of economic development and with correspondingly
varied health systems: the high per-patient cost in Hong Kong

and to a lesser degree Taiwan, Korea and Singapore is likely to
be due to higher unit costs reflecting higher wages combined
with easier access to healthcare in these areas, compared with
economically less developed areas such as Vietnam and
Malaysia. However, the association between lower derived
ACT scores and higher healthcare resource use and cost
appears to be robust across the areas considered.

Within these limitations, this analysis provides valuable new
information on the economic burden of uncontrolled asthma in
Asia-Pacific areas. Extensive efforts were made to generate a
representative patient sample in the AIRIAP survey and these
data provide the most comprehensive assessment of asthma
management and control in the region to date. The AIRIAP
survey findings represent a valuable research resource.

Additional analysis of the AIRIAP dataset [3] found that only
2.5% of the population met with all the modified GINA criteria
for asthma control: minimal chronic symptoms, including
nocturnal symptoms, minimal exacerbations, no emergency
visits for asthma, minimal need for short-acting b-agonists and
no limitation of physical activity [5]. That this current analysis
found a comparable though slightly lower percentage of
patients (1%) achieving the best possible derived ACT score
of 25 further suggests that the ACT may be a valid tool in
assessing asthma control, even in epidemiological studies.
However, some discrepancy did exist between the derived
ACT scores and symptom severity, as assessed by the
GINA criteria, in particular with one in three patients
reporting only intermittent symptoms also achieving a score
on ACT of ,20.

The AIRIAP dataset found that .40% of asthma patients in the
region had utilised urgent care at least once in the 12 months
preceding the survey, and that asthma severity, as defined by
frequency of symptoms, correlated significantly with hospita-
lisation and emergency visits [2]. BOONSAWAT et al. [6] also
noted in their study that increasing symptom severity was
significantly associated with increased emergency healthcare
use. This current analysis is the first in the Asia-Pacific region
to estimate the association between healthcare use and asthma
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FIGURE 2. Cost of scheduled (h) and unscheduled (&) healthcare by country and derived Asthma Control TestTM scores.
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control status. The analysis showed that compared with
patients achieving an ACT score of o20, more than twice as
many patients with an ACT score ,20 reported some form of
hospital contact. Furthermore the total cost of healthcare,
especially the cost of unscheduled healthcare, was notably
higher in patients with poorer asthma control as measured by
the derived ACT score.

The questions used to derive the ACT score ask the patients to
recall events over the 4 weeks preceding the survey interview,
and questions relating to healthcare resource use ask them to
recall the previous year. This analysis has therefore demon-
strated an association between recent asthma control and a
history of high healthcare cost. A different study design would
be required to evaluate whether the ACT score also forecasts
future healthcare resource use and cost, and whether ACT can
be used to guide management and improve the economic
efficiency of treatment. Such studies would best assess ACT,
resource use and cost in a prospective manner.

In conclusion, poorer asthma control, as defined by the Asthma
Control TestTM score, was associated with an increased
requirement for all unscheduled healthcare and elevated cost.
This finding was consistent across a range of Asia-Pacific areas.
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APPENDIX 1. ASTHMA INSIGHTS AND REALITY IN THE ASIA-PACIFIC (AIRIAP) TO ASTHMA CONTROL TESTTM (ACT)
MAPPING ALGORITHM

ACT items and corresponding AIRIAP survey question(s) ACT responses and corresponding responses from the AIRIAP survey questions

ACT question 1

In the past 4 weeks how much of the time did your asthma

keep you from getting as much done at work, school or home?

All of the time Most of the time Some of the time A little of the time None of the time

AIRIAP#

How much do you feel that your asthma limits what you"

can do in … social activities/playing [and] … housekeeping

chores?

Both responses

‘‘A lot’’

Worst response

‘‘A lot’’

Worst response

‘‘Some’’

Worst response

‘‘Little’’

Both responses

‘‘Not at all’’

ACT question 2

During the past 4 weeks, how often have you had shortness

of breath?

More than once

a day

Once a day Three to six times a

week

Once or twice

a week

Not at all

AIRIAP

What asthma symptoms have you had... [If ‘‘Shortness of

Breath’’ reported]: How many times in a typical week do

you experience asthma symptoms?

Eight times per

week or more

frequently

Seven times per

week

3, 4, 5 or 6 times

per week

One or two times

per week

Shortness of

breath not

experienced

ACT question 3

During the past 4 weeks how often did your asthma symptoms

(wheezing, coughing, shortness of breath, chest tightness or

pain) wake you up at night or earlier than usual in the morning?

Four or more

times a week

2–3 times a week Once a week Once or twice Not at all

AIRIAP

Have you been awakened by a cough, or wheezing, or

shortness of breath, or chest tightness during the night?

How often do you have these symptoms at night?

‘‘Every night’’ OR

‘‘Most nights’’

‘‘At least three nights

a week’’ OR

‘‘Twice a week’’

‘‘Once a week

(five times a month)’’

OR ‘‘Three or four

times a month’’

‘‘Twice a month’’ OR

‘‘Once a month’’

None of the

symptoms in the

past 4 weeks

ACT question 4

During the past 4 weeks how often have you used your

rescue inhaler or nebulizer medication (such as salbutamol)?

Three or more

times per day

1 or 2 times

per day

2 or 3 times

per week

Once a week or less Not at all

AIRIAP+

Which of [these asthma medications]

do you take for ‘‘quick relief’’ of asthma symptoms?

How often do you take them?

‘‘Daily’’ AND three

times per day or

more often

‘‘Daily’’ AND 1 per

day or 2 per day

‘‘2–3 times

per week’’

‘‘Once a week’’ or

less often

Not taken

ACT question 5

How would you rate your asthma control during the past 4

weeks?

Not controlled

at all

Poorly controlled Somewhat controlled Well controlled Completely

controlled

AIRIAP

Overall, how well would you say that your asthma has been

controlled in the past four weeks?

‘‘Not controlled

at all’’

‘‘Poorly controlled’’ ‘‘Somewhat

controlled’’

‘‘Well controlled’’ ‘‘Completely

controlled’’

#: All questions begin ‘‘In the past 4 weeks’’. ": All references to ‘‘Your asthma’’ also include ‘‘your child’s asthma’’ when appropriate. +: Up to four ‘‘quick relief’’ drugs

reported. ACT response estimated from the quick relief drug used most frequently.

DOI: 10.1183/09059180.06.00009805

ERRATUM

"Introduction". M. Spiteri. Eur Respir Rev 2005; 14: 97, 125.

R. Lutter should have been included as the co-author of the Introduction.

R. Lutter was also Guest Editor of issue 14: 97, Current perspectives in epithelial cell injury and repair, alongside M. Spiteri.
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