
© Ascend Media

A
sthma is a common chronic condition that is associated with
substantial morbidity.1 Despite guidelines that enumerate the
goals of asthma control and define management strategies,
asthma remains poorly controlled in most patients.2-4 The

lack of a clinical gold standard for determining asthma control, as well as
inadequate recognition of uncontrolled asthma by patients and physi-
cians, may contribute to this situation.4 An approach to this problem has
been the development of validated questionnaire tools to measure asthma
control in the clinical setting.5-7

One such tool is the Asthma Control Test™ (ACT), a 5-item survey
that assesses interference with activity, shortness of breath, nocturnal
symptoms, rescue medication use, and self-rating of asthma control. It was
developed using asthma specialist (allergist or pulmonologist) assessment
of asthma control as the criterion measure of asthma control in a popula-
tion of patients followed up by these specialists7 and was validated in a
separate sample of patients new to these specialists.8 In these studies, a
score of 20 or higher was found to be the most discriminating cutoff to
define totally controlled or well-controlled asthma, and a score of 15 or
lower was identified as the most discriminating cutoff to define asthma
that was poorly controlled or not controlled at all.7,8 However, optimal
validation is a process that requires data to be obtained in a variety of set-
tings, among different populations, and using various criterion and con-
struct measures. The objective of this study was to provide additional
validity data for the ACT completed at home by a random sample of
patients with asthma. The Asthma Therapy Assessment Questionnaire
(ATAQ) was chosen as the criterion measure for this study because it has
been previously validated and was shown to be related to asthma-specific
quality of life and to subsequent healthcare utilization.5,9

METHODS
Study Subjects

Study participants were members of the Kaiser Permanente Colorado
Region, a large managed care organization. Because this study was part of

a larger study of discrepancies in asth-
ma mortality between men and women
that occur in patients 35 years or older,
the study population was limited to this
age group. Health plan members were
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Objective: To provide additional validity data 
for the Asthma Control TestTM (ACT) using a 
different criterion measure, setting, and 
population.

Study Design: Cross-sectional survey.

Methods: Questionnaires were completed at
home by a random sample of 570 members 
of a large integrated healthcare organization 
who were 35 years or older with utilization 
suggestive of active asthma. The questionnaires
included the ACT; another validated asthma 
control questionnaire (Asthma Therapy Assess-
ment Questionnaire™ [ATAQ]), which was 
used as the criterion measure; a validated 
quality-of-life tool (Mini Asthma Quality of Life
Questionnaire [Mini-AQLQ]); a validated 
symptom frequency scale (Asthma Outcomes
Monitoring System); and information regarding
demographics.

Results:The ACT score was statistically signifi-
cantly correlated with findings on the ATAQ 
(ρ = −0.73), Mini-AQLQ (ρ = 0.77), and symptom
frequency scale (ρ = −0.69). The optimal ACT cut-
off for well-controlled asthma (ATAQ level, 0) was
confirmed to be 20 or higher (sensitivity, 78.1%;
specificity, 83.8%), and the optimal ACT cutoff 
for poorly controlled asthma (ATAQ level, 3-4)
was confirmed to be 15 or lower (sensitivity,
90.4%; specificity, 80.9%).

Conclusion:These data further support the validi-
ty of the ACT in the home setting among a ran-
dom sample of patients with asthma.
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eligible for the study if they were at least 35 years of age
and had in the 2-year period preceding the survey (1) at least
1 documented medical encounter with a diagnosis of asthma
(International Classification of Diseases, Ninth Revision code of
493.xx) and (2) at least a 6-month supply of asthma med-
ication dispensed. A search of electronic medical records
identified 4609 individuals who met these criteria, and we
mailed surveys to a randomly selected subset of 800 subjects
in the fall of 2002. Of 688 persons (86.0%) who complet-
ed the questionnaire, 65 denied having physician-diag-
nosed asthma and were excluded from further analysis. An
additional 53 did not have complete data on the ACT ques-
tions, leaving a final sample of 570 participants. Completion
of the questionnaires was assumed to indicate consent to
participate in the study. The study was approved by the
Kaiser Permanente Colorado Region Institutional Review
Board.

Study Design
This study was a cross-sectional survey of a random sample

of patients with asthma. Survey information included validated
patient-reported outcome tools and demographic information.

Questionnaires
The survey contained the following information:
1. The 5-question ACT7 assessing the prior 4 weeks, with

scores ranging from 5 to 25 (higher scores indicate bet-
ter asthma control).

2. The 4-question ATAQ,5,9 another validated asthma
control tool, with scores ranging from 0 to 4 (higher
scores indicate more control problems). The 4 potential
control problems assessed during the prior 4 weeks by
the ATAQ are (1) missed work, school, or normal activ-
ity; (2) waking up at night because of asthma; (3) high-
est number of puffs of rescue inhaler used exceeds 12 for
any day; and (4) self-rating of well-controlled asthma.

3. The 15-question Mini Asthma Quality of Life
Questionnaire (Mini-AQLQ),10 an asthma-specific
quality-of-life questionnaire reflecting the prior 2 weeks,
with a total score and 4 domain scores (symptom,
emotion, activity, and environment), with each score
ranging from 1 to 7 (higher scores indicate better quali-
ty of life).

4. The 5-question Asthma Outcomes Monitoring System
symptom frequency scale,11 assessed during the prior
4 weeks, with scores ranging from 1 to 4, analogous to
the 4-level National Asthma Education and Prevention
Program12 severity classification. Higher scores indicate
increased symptom frequency, with 1 indicating inter-
mittent symptoms and 4 indicating severe persistent
symptoms.

5. Self-assessment of general health (excellent, very good,
good, fair, or poor) and asthma severity (very mild, mild,
moderate, severe, or very severe).

6. Demographics, including age, sex, race/ethnicity, high-
est grade in school completed (<high school, high
school, technical school, college graduate, or postgradu-
ate or professional), and annual family household
income (<$20 000, $20 000-$34 999, $35 000-$49 999,
$50 000-$74 999, or ≥$75 000).

Statistical Analysis
Internal consistency reliability of the ACT in this sample

was tested using Cronbach α. Hypothesis testing regarding the
relationships between the ACT and demographic factors was
by means of Wilcoxon rank sum test (2 samples) or Kruskal-
Wallis (>2 samples) testing. The ATAQ was used as the crite-
rion measure for determining criterion validity, namely, “the
correlation of a scale with some other measure of the trait or
disorder under study, ideally a gold standard that has been
used and accepted in the field.”13(p147) Relationships between
the ACT and the ATAQ were assessed by correlating the
ACT score with the ATAQ level (Spearman rank correla-
tion coefficient, ρ) and by determining the relationship
between the mean ACT score and the ATAQ level (Kruskal-
Wallis test).

Well-controlled asthma in this study was defined as an
ATAQ level of 0, and poorly controlled asthma was defined as
an ATAQ level of 3 or 4 because patients with ATAQ levels
of 3 or 4 were 3.5 times more likely to experience subsequent
acute asthmatic episodes compared with those without con-
trol problems.9 Sensitivities, specificities, positive predictive
values, negative predictive values, and areas under the receiv-
er operating characteristic curve (the C statistics in logistic
regression models) were calculated for various ACT score cut-
offs in relation to well-controlled and poorly controlled asth-
ma, as already defined by ATAQ levels. The optimal cutoffs
were chosen based on the cutoffs that produced the highest
area under the receiver operating characteristic curve for well-
controlled and for poorly controlled asthma.

Convergent validity tests the relationship between a scale
and other variables to which it should be related.13

Convergent validity was tested by determining the correla-
tions of the ACT with the following characteristics to which
asthma control should be related: (1) patient general health
rating, (2) patient self-rating of asthma severity, (3) total and
domain scores of the Mini-AQLQ, and (4) asthma symptom
frequency scale. Potential effects of demographic factors on
the validity of the ACT were assessed by evaluating the fol-
lowing in demographic subgroups: (1) Spearman rank correla-
tion coefficients between the ACT score and the total score
of the Mini-AQLQ, (2) the mean ACT score in the 4 ATAQ
levels (Kruskal-Wallis test), and (3) the mean ACT score in
the 4 levels of the symptom frequency scale (Kruskal-Wallis
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test). These subgroups were defined as
age younger than 65 years, age 65 years
or older, men, women, white race/eth-
nicity, other race/ethnicity, education
less than high school, high school or
technical education, college or post-
graduate education, annual income of
less than $35 000, and annual income
of $35 000 or higher.

Nominal statistical significance
was set at P < .05 using 2-sided tests.
All analyses were performed using
statistical software (SAS version 8.2
for Windows; SAS Institute Inc,
Cary, NC).

RESULTS

The demographics of the study pop-
ulation are given in Table 1.
Participants tended to be middle-aged,
of white race/ethnicity, well educated,
and nonpoor. Patients with less educa-
tional attainment and lower incomes
had statistically significantly lower
ACT scores. The internal consistency
reliability of the ACT in this sample
was 0.85. Asthma and health charac-
teristics of the sample are given in
Table 2.

Criterion Validity
The analyses of the area under the

receiver operating characteristic curve
identified the optimal cutoff for well-
controlled asthma as 20 or higher
(Table 3) and the optimal cutoff for
poorly controlled asthma as 15 or lower
(Table 4). The ACT score was statisti-
cally significantly correlated with find-
ings on the ATAQ (ρ = −0.73, P <
.001), and the mean ACT score statistically significantly var-
ied by ATAQ level (Table 5). In addition, the likelihood of
well-controlled asthma (ACT score >20) statistically signifi-
cantly decreased with an increasing number of control prob-
lems identified by the ATAQ; conversely, the likelihood of
poorly controlled asthma (ACT score <15) statistically sig-
nificantly increased with an increasing number of control
problems identified by the ATAQ.

Convergent Validity
The ACT was strongly correlated with the patient self-rat-

ing of asthma severity; total score of the Mini-AQLQ; symp-
tom frequency scale; and symptom, activity, and emotion
domains of the Mini-AQLQ (Table 6). Only modest correla-
tions were seen with the patient general health rating and the
environment domain of the Mini-AQLQ. The ACT score
remained statistically significantly related (P < .001, Kruskal-
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n Table 1. Demographic Characteristics of the Sample and Relationship to
Asthma Control Test (ACT) Scores

No. (%)
in Sample Mean (SD)

Characteristic (N = 570) ACT Score* P†

Age, y .91

<65 382 (67.0) 18.5 (4.7)

>65 177 (31.1) 18.5 (4.7)

Missing‡ 11 (1.9) 15.6 (3.7)

Sex .19

Male 272 (47.7) 18.8 (4.4)

Female 298 (52.3) 18.1 (4.9)

Race/ethnicity .58

White, non-Hispanic 467 (81.9) 18.6 (4.6)

Black, non-Hispanic 27 (4.7) 17.1 (5.8)

Hispanic 48 (8.4) 18.0 (4.8)

Other 18 (3.2) 18.2 (5.1)

Missing‡ 10 (1.8) 17.2 (5.2)

Highest grade in school completed .002

<High school 28 (4.9) 16.1 (5.4)

High school or general 218 (38.2) 18.3 (4.6)
equivalency diploma

Technical school 67 (11.8) 17.7 (4.8)

College graduate 144 (25.3) 18.8 (4.4)

Postgraduate or professional 105 (18.4) 19.7 (4.3)

Missing‡ 8 (1.4) 15.1 (6.2)

Annual family household income, $ <.001

<20 000 74 (13.0) 16.7 (5.5)

20 000-34 999 87 (15.3) 17.5 (4.7)

35 000-49 999 91 (16.0) 18.2 (4.4)

50 000-74 999 116 (20.4) 18.4 (4.7)

>75 000 147 (25.8) 19.8 (4.1)

Missing‡ 55 (9.6) 19.1 (4.2)

*The ACT score ranges from 5 to 25, where higher scores indicate better asthma control.
†Based on Wilcoxon rank sum test (2 samples) or Kruskal-Wallis (>2 samples) testing.
‡Not included in statistical analyses.



Wallis test) to ATAQ and asthma symptom frequency scale
levels in all demographic subgroups, and correlations between
the ACT score and the total score of the Mini-AQLQ were
similar and statistically significant in all subgroups (data not
shown).

DISCUSSION

The importance of defining and achieving asthma control
is being increasingly recognized.14,15 Simple validated tools
that measure asthma control are recommended as a means of
defining asthma control,14,15 but the validity of such tools
needs to be confirmed using a spectrum of validation criteria
in different settings and among various populations. The pres-
ent study adds to the body of data supporting the validity of
the ACT. It shows for the first time (to our knowledge) that
the ACT correlates strongly with the ATAQ (a criterion
measure) and with several related asthma characteristics,
including asthma-specific quality of life and symptom severi-
ty. Unlike the published validation data to date,7,8 the ACT
questionnaires in the present study were completed at home.
This increases our confidence in the ability to use the ACT
as a home assessment tool, whether completed before an
office visit or independent of an office visit.

In addition to using a variety of criterion and construct
measures and settings to optimally validate a patient-reported
outcome tool, different populations must be assessed to con-
firm generalizability. In contrast to the prior validation stud-
ies,7,8 the present study assessed a general population of
patients with asthma identified by random sampling of an
integrated healthcare organization database. The patients in
our study had evidence of active asthma based on utilization,
while no specific severity criteria are mentioned in prior val-
idation reports.7,8 Patients in the present study were older
(mean age, 58 years) than patients previously studied in the
development (mean age, 45 years)7 or longitudinal validation
(mean age, 35 years)8 studies. An important related issue is
the degree to which the validity of the tool depends on edu-
cational or other demographic characteristics of the popula-
tion. The criterion and convergent validity results in this
study did not seem to vary among demographic subgroups
(data not shown). However, this sample of members from an
integrated healthcare organization did not represent a demo-
graphically heterogeneous population. Therefore, further val-
idation data for the ACT among more diverse populations,
especially regarding educational attainment and income,
would be important.

Although the present validation study differed in setting,
criterion measures, and populations from the prior studies,7,8
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n Table 2. Outcome Scale Results in the Sample

Outcome Scale Result

Asthma Control Test score*

Mean (SD) 18.5 (4.7)

Median (interquartile range) 19 (15-22)

% <20 51.6

Asthma Therapy Assessment Questionnaire 
level, No. of control problems, %

0 51.8

1 23.1

2 16.0

3 8.5

4 0.7

Mini Asthma Quality of Life Questionnaire,
mean (SD)†

Total score 5.0 (1.2)

Symptom domain 5.0 (1.3)

Activity domain 5.6 (1.3)

Emotion domain 5.0 (1.6)

Environment domain 4.4 (1.5)

National Asthma Education and 
Prevention Program symptom 
frequency level, %

1, Mild intermittent 35.5

2, Mild persistent 16.8

3, Moderate persistent 12.2

4, Severe persistent 35.5

Patient general health rating, %

Excellent 6.8

Very good 25.4

Good 44.1

Fair 20.4

Poor 3.4

Self-rating of asthma severity 
during the past 4 wk, %

Very mild 24.6

Mild 31.7

Moderate 37.3

Severe 6.2

Very severe 0.2

*The Asthma Control Test score ranges from 5 to 25, where higher
scores indicate better asthma control.
†The Mini Asthma Quality of Life Questionnaire score ranges from 
1 to 7, where higher scores indicate better quality of life.



it is important to note that previously defined optimal cutoffs
for well-controlled asthma (ACT score >20)7,8 and poorly
controlled asthma (ACT score <15)8 were confirmed. This
increases our confidence in using these cutoffs to identify
patients in need of intervention in various settings. For exam-
ple, this study specifically supports the use of the ACT as a
mail outreach tool in managed care organizations to identify
patients with well-controlled, not well-controlled, and poorly
controlled asthma as defined in the new National Asthma

Education and Prevention Program12 guidelines. Furthermore,
the measurement properties of the ACT identified in this
study would allow the use of different cutoffs for well-con-
trolled or poorly controlled asthma if increased sensitivity,
specificity, or positive predictive value was desired in any spe-
cific circumstance (Tables 3 and 4).

If the goal of asthma control assessment is the definition
of well-controlled, not well-controlled, or poorly controlled
asthma, findings from this study suggest that the ACT and the
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n Table 3. Relationship of the Asthma Control Test (ACT) Score Cutoff to Well-controlled Asthma on the Asthma
Therapy Assessment Questionnaire (ATAQ Level, 0)*

Positive Negative Area Under the
ACT Score Predictive Predictive Receiver Operating
Cutoff > Sensitivity Specificity Value Value Characteristic Curve†

15 98.0 41.9 64.4 95.0 0.70

16 96.6 49.6 67.3 93.1 0.73

17 94.5 57.7 70.6 90.8 0.76

18 92.1 67.3 75.1 88.8 0.80

19 86.0 73.9 78.0 83.1 0.80

20 78.1 83.8 83.8 78.1 0.81

21 66.1 90.4 88.1 71.3 0.78

22 53.8 94.9 91.8 65.7 0.74

23 39.0 98.2 95.8 60.0 0.69

*Data are given as percentages unless otherwise indicated.
†Area under the curve obtained as the C statistic of the logistic regression model, with the proportion of patients with an ATAQ level of 0 as the 
dependent variable and the proportion with the specific ACT cutoff score as the independent variable. 

n Table 4. Relationship of the Asthma Control Test (ACT) Score Cutoff to Poorly Controlled Asthma on the Asthma
Therapy Assessment Questionnaire (ATAQ Level, 3-4)*

Positive Negative Area Under the
ACT Score Predictive Predictive Receiver Operating
Cutoff > Sensitivity Specificity Value Value Characteristic Curve†

18 98.1 62.7 21.1 99.7 0.80

17 98.1 69.7 24.8 99.7 0.84

16 94.2 75.8 28.3 99.2 0.85

15 90.4 80.9 32.4 98.8 0.86

14 84.6 85.2 36.7 98.2 0.85

13 80.8 88.7 42.0 97.8 0.85

12 73.1 92.2 48.7 97.1 0.83

11 63.5 94.1 52.4 96.2 0.79

10 53.9 96.9 63.6 95.4 0.75

*Data are given as percentages unless otherwise indicated.
†Area under the curve obtained as the C statistic of the logistic regression model, with the proportion of patients with an ATAQ level of 3 or 4 as the 
dependent variable and the proportion with the specific ACT cutoff score as the independent variable.



ATAQ could be similarly useful. However, because the ACT
is a 25-point scale, compared with the 5-level scale of the
ATAQ, the ACT score expressed as a continuous measure
should provide more precision than the ATAQ level.
Responsiveness of the ACT has been demonstrated in anoth-
er sample,8 and one might expect the ACT expressed as a con-
tinuous measure to be more responsive than the ATAQ. This
property would be especially useful in clinical trials, although
it could also be useful for serial measurements as part of longi-
tudinal follow-up in a clinical practice setting. Although (to
our knowledge) the actual responsiveness of the ACT vs the
ATAQ has not been compared, we have shown that the ACT
as a continuous measure correlates more strongly than the
ATAQ with the Mini-AQLQ.15

A potential limitation of this study is that spirometry
measurements were not obtained. Forced expiratory volume
in the first second of expiration (FEV1) is considered a meas-
ure of asthma control14 that has been shown to reflect dimen-
sions different from symptoms or quality of life.16 However,
spirometry is not available in many clinical settings and is
not usually available at home; therefore, a valid measure of
asthma control that does not require spirometry would be use-
ful. In addition, the importance of the lack of spirometry
measurements in this study is mitigated by 2 additional obser-
vations. First, FEV1 results have been shown to be statistical-
ly significantly correlated with ACT scores,7 and that study
demonstrated that the ACT scores correlate better than pul-
monary function test results with specialist determination of
the level of asthma control. Second, Juniper et al17 showed
that the Asthma Control Questionnaire, another validated
asthma control tool, demonstrated similar measurement prop-
erties whether or not spirometry results were included.
Although the diagnosis of asthma was not confirmed by clin-
ical or spirometric evaluation, identifying physician-diag-
nosed asthma is a valid way to identify patients with asthma
in epidemiologic studies.18

In summary, this study provides further reliability and vali-
dation information regarding the ACT, supporting its use as a
practical tool in the home setting to assess disease control
among the general population of patients with asthma. It is
anticipated that the results of this study will lead to improved
asthma control in patients with asthma by encouraging the use
of validated control tools to identify inadequately controlled
asthma that needs additional intervention.
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n Table 6. Convergent Validity: Relationship of the
Asthma Control Test to Other Survey Items*

Spearman Rank 
Survey Item Correlation

Patient general health rating −0.41

Patient self-rating of asthma severity −0.71

Mini Asthma Quality of Life Questionnaire

Total score 0.77

Symptom domain 0.77

Activity domain 0.70

Emotion domain 0.65

Environment domain 0.42

National Asthma Education and −0.69
Prevention Program symptom 
frequency level

*P < .001 for all.

n Table 5. Criterion Validity: Relationship of the Asthma Control Test (ACT) Score to the Asthma Therapy
Assessment Questionnaire (ATAQ) Level*

ATAQ Level

ACT Score 0 1 2 3-4 P

Mean (SD) 21.4 (2.8) 17.4 (3.5) 14.7 (3.5) 10.9 (3.1) <.001†

% >20‡ 78.1 30.0 5.6 0.0 <.001§

% <15|| 3.4 27.7 57.8 90.4 <.001§

*Spearman rank correlation, −0.73 (P < .001).
†Kruskal-Wallis test.
‡Cutoff for well-controlled asthma defined in prior studies7,8 and confirmed in the present study (see Table 3).
§χ2 Test for trend.
||Cutoff for poorly controlled asthma defined in prior study8 and confirmed in the present study (see Table 4).
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Take-away Points
The lack of a clinical gold standard for determining asthma control may con-
tribute to poorly controlled asthma. Validated questionnaire tools have been
developed to measure asthma control.

n The Asthma Control Test (ACT) is a previously validated tool, although
optimal validation requires data from a variety of settings and populations and
the use of various criterion and construct measures.

n The ACT score was statistically significantly correlated with findings on the
Asthma Therapy Assessment Questionnaire, Mini Asthma Quality of Life
Questionnaire, and Asthma Outcomes Monitoring System. These data support
the validity of the ACT in the home setting.


