Original papers

Childhood asthma: can computers aid
detection in general practice?
Sheree Kable, Richard Henry, Rob Sanson-Fisher, Malcolm Ireland, Ross Corkrey, and Jill Cockburn
SUMMARY
Background: Childhood asthma remains underdiagnosed in
general practice. Computers with a patient interface have the
potential to screen children for asthma in a time-efficient manner.
Aim: To develop a concise, validated self-report measure that
calculates an ‘asthma score’ that predicts likelihood of asthma
and its severity in childhood.
Design of study: Computerised questionnaire survey in general
practitioners’(GPs’) waiting rooms, followed by a written questionnaire and either bronchial challenge or skin allergy testing at
the regional teaching hospital.
Setting: Children between 18 months and 18 years old accompanied by a parent or guardian in five group practices in
Newcastle in New South Wales, Australia.
Method: The responses from both the computerised questionnaire and the written questionnaire were compared with physician assessment of asthma, based on an existing validated questionnaire and clinical tests.
Results: Six items were identified to be independently and significantly associated (at P<0.05) with the presence of asthma
and its severity: parent or self-reported asthma, previous diagnosis, wheeze in the past year, physical activity affected by
symptoms, night cough in the past year, and visits to a GP in the
past year. From the regression model a linear score was derived
that indicates whether a child is likely to have asthma and its
likely severity.
Conclusions: The asthma score is a valid indicator of asthma
and its severity in children in general practice.
Keywords: asthma; children; computers; screening.

Introduction
Childhood asthma is a significant health problem in many
countries with an estimated prevalence of asthma symptoms of over 30% in some regions.1-3 However, it remains
underdiagnosed in general practice.4-7 Many children do not
have their symptoms reported to a doctor8 and others have
significant delays in diagnosis.9,10 A more active approach to
the detection and assessment of asthma is called for that is
able to mesh easily into busy general practices.8,11
A computerised asthma questionnaire has been developed for completion by children and their parents in general practitioners’ waiting rooms that is aimed at assessing
asthma status and management. We conducted this study
to determine if the computer questionnaire could be used to
accurately detect asthma and assess its severity in children.
The aims of the project were:
• to determine which items in the computer questionnaire
were predictive of asthma and its severity in children; and
• to develop a scale that computes an asthma score to
predict the likelihood of the presence of asthma and its
severity in children.

Method
Setting and participants
The study was conducted in Newcastle in New South Wales,
Australia in 1997. Five group general practices consented
for a computer with the questionnaire to be installed in the
waiting room of each surgery and for a research assistant to
attend to recruit parents and children. To be eligible a child
had to be between 18 months and 18 years old and be
accompanied by a parent or guardian. Children from the
same family were eligible to participate.
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Parents and children first completed the computerised questionnaire in the general practitioners’ waiting rooms. Later
they attended an appointment at the regional teaching hospital to complete a written questionnaire and undergo
bronchial challenge or skin allergy testing. A consultant paediatric respiratory physician reviewed the written questionnaires and tests and rated each child as either no asthma or
as one of three asthma severity categories.

The computer questionnaire
The computer questionnaire is a touch-screen program
installed on IBM-compatible PCs (486 CPU) fitted with
touch-screen monitors. Questions were based on items
from the International Union against Tuberculosis and Lung
Disease (IUATLD) Bronchial Symptoms Questionnaire and
the International Study of Asthma and Allergies in Childhood
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HOW THIS FITS IN
What do we know?
Asthma is still underdiagnosed in
general practice. Many children do not
have their symptoms reported to a doctor
and others have significant delays in diagnosis.

What does this paper add?
A computerised asthma score has been developed which
quantifies the likelihood of asthma in children and indicates its
severity, and can be used for screening in general practice.

(ISAAC) questionnaire.12,13 It comprised a total of 31 questions plus medication lists, seven of which related exclusively to management (included for later studies). The other 24
questions concerned the parent and/or child’s perception of
whether they had asthma (parent/child report), the occurrence and frequency of wheezing, coughing or shortness of
breath, triggers for these symptoms, interference with sleep
or physical activity, impact on school attendance, medical
care sought, previous bronchiolitis, and a previous diagnosis of asthma. Five variables were created from a question
that asked about asthma medications taken in the last 12
months: use of relievers, non-steroid preventers, inhaled
steroids, oral steroids, and all preventers together. This
brought the number of variables to be analysed to 29.

Selection of measures
There is no gold standard of asthma diagnosis. However, the
combination of symptom questionnaires and bronchial
provocation tests to establish the presence of asthma has
been widely used in epidemiological studies14,15 and were
chosen as outcome measures. The questionnaire used was
a detailed pen and paper questionnaire derived from questions in the IUALTD and ISAAC questionnaires12,13 adapted
for use in general practice. Bronchial provocation testing
was carried out with 4.5% saline according to a widely
established protocol, saline being chosen as it has the best
specificity of bronchial provocation tests.16,17 Children under
six years old are generally unable to perform spirometry
adequately to give meaningful provocation tests, therefore
allergen skin tests were used in this age group as they are
the least invasive test able to be used in this age group that
correlates well with asthma.18,19

Outcome factor
The written questionnaires and tests were reviewed by a respiratory paediatric physician (RH) who was blind to computer questionnaire results. The diagnosis of asthma was made
on the basis of a clinical history of recurrent symptoms in the
previous year, the doctor’s diagnosis, and response to therapy. Atopy, airways obstruction on lung function testing, and
airway hyper-responsiveness were regarded as supportive.
Frequency of exacerbation in the past 12 months was used
to categorise severity. Each participant was rated into one of
four categories: no asthma, infrequent episodic asthma (up
to six attacks per year), frequent episodic, and persistent
asthma (symptoms most days).

Analysis
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Statistical analysis was undertaken using the software JMP
IN 3.2 (SAS Institute). Univariate analysis was conducted to
determine which items in the computer questionnaire had
significant associations at P<0.05 with physician-assessed
asthma category, using chi-squared and Fisher’s exact test.
These variables were entered into ordinal logistic regression
using the forward stepwise technique to determine the best
predictive model of asthma category from the computer
questionnaire.20 Hypothesis testing employed the
Kruskal–Wallis test (rank sums) for non-parametrically distributed data.

Results
The computer questionnaire was completed for 326 children
with an average time taken of 11.0 minutes. One hundred
and sixty-nine (51.8%) children attended the clinic appointment. The clinic attenders did not differ significantly from
non-attenders on any questionnaire item except that a higher proportion reported symptoms on exertion compared
with non-attenders (39.6% and 24.8% respectively,
P<0.004).

Participants
The mean age of participants was 6.1 years (standard deviation = 3.3). From the computer questionnaire, 60 (35.5%)
children were reported to have asthma and 116 (68.6%) were
reported to have at least one asthma-like symptom in the
past year. Eighty-four children underwent saline bronchial
challenge (30 positive and three not completed because of
discomfort). Eighty-five children underwent skin allergy testing (14 children being positive for one or more allergens).
Of the 169 children in the analysis, 84 (49.7%) were considered to have current asthma based on physician assessment with 52 of these categorised as ‘infrequent episodic’,
26 as ‘frequent episodic’, and six as ‘persistent’.

Items associated with physician assessment of
asthma
Of the 29 variables from the computer questionnaire, all
were associated with physician assessment in univariate
analysis (P<0.05) except for age, two triggers of asthma
(drugs or food, and emotion), and admission to an intensive
care unit.
A best-fitting ordinal logistic regression model was computed. The six variables found to be independently associated with the four-category physician assessment of asthma
are reported in Table 1.
When considering a ‘yes’ response to the question, ‘Do
you (or does your child) have asthma?’ (i.e. a positive parent/child report), the specificity was very high at 99%
although the sensitivity was only 70%. Overall, 15% of the
sample (n = 25) answered ‘no’ or ‘don’t know’ to the parent/child report question but were classified as having asthma by the physician.
The next most predictive item was a previous diagnosis of
asthma. Although sensitivity and specificity of this item were
high (0.88 and 0.86) for nearly one-third of the children with
a reported previous diagnosis (26 out of 86) the child or parent did not state that the child had asthma (answered ‘no’ or
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Table 1. Variables from asthma computer questionnaire independently associated with asthma as assessed by physician.
Variable

No asthma

Parent/self-reported asthma
Yes
Don’t know
No
Previous diagnosis
Yes
No
Wheeze in last 12 months
Yes
No
Visited GP more than three times in past 12 months
Yes
No
Night cough: more than three episodes in past 12 months
Yes
No
Has symptoms with physical activity
Yes
No
Total

Asthma

Total

P-value

OR

1
16
68

59
18
7

60
34
75

<0.0001

15.3
1.6

12
73

74
10

86
83

0.005

2.4

8
77

58
26

66
103

0.003

2.1

1
84

23
61

24
145

0.02

2.0

5
80

32
52

37
132

0.04

1.7

3
82
85

33
51
84

36
133
169

0.04

1.6

Table 2. Sensitivity and specificity of asthma score in children without a positive parent/child report: whole group, less than five years old,
and five years old and over.
Age (years)

Asthma score

Assessed diagnosis
Asthma

No asthma

Total

Sensitivity
(%)

Specificity
(%)

Whole group: 18 months to 17 years old

≥ 1.9
< 1.9
Total

21
4
25

17
67
84

38
71
109

84

80

18 months to four years old

≥ 1.9
< 1.9
Total

10
0
10

6
29
35

16
29
45

100

83

Five to 17 years old

≥ 1.9
< 1.9
Total

11
4
15

11
38
49

22
42
64

73

78

‘don’t know’). Physician assessment of asthma was positive
for 15 of these 26.
Overall, the six individual items had high specificity, ranging
between 0.84 and 0.99 but sensitivity varied from 0.27 to 0.88.

specificity 78%. In the pre-school age group, in whom asthma is generally difficult to diagnose, the specificity was
100% and sensitivity was 83%.

Severity
Development of the asthma score
From the regression model a linear score was obtained, corresponding to the logit of the probability of events. The
scores were transformed into a scale ranging between 1 and
10 using a linear combination. These scores were compared
with physician assessment to determine the accuracy of the
scale for detecting asthma and predicting its severity.
As nearly all children with a definite parent/child report of
asthma were assessed as asthmatic (59 of 60) those who
had a negative or indeterminate report were analysed separately for detection (n = 109).

Detecting the presence of asthma
Choosing a cut-point of greater than 1.9 as positive for asthma to maximise sensitivity and specificity, the asthma score
has a sensitivity of 84% and a specificity of 80% in children
who did not have asthma recognised by the child or parent.
In children aged five to 17 years the sensitivity was 73% and
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Figure 1 shows the medians and interquartile intervals of the
asthma scores for each physician-assessed category
(including ‘no asthma’). The Kruskal–Wallis test showed a
significant difference between the four categories
(P<0.0001). Using the Kruskal–Wallis test with the
Bonferroni correction for simultaneous tests each category
is shown to be significantly different to every other category
(P<0.0001 for each comparison) except between ‘frequent
episodic’ and ‘persistent’ asthma.
The cumulative probability of a child being in each of the
four categories for each possible score is plotted in Figure 2.
This shows that as the asthma score increases so does the
likelihood that asthma is present, with increasing scores also
corresponding to increasing severity. From this graph we
can calculate the probabilities of a child with any given asthma score being in any particular category. For example, a
child with an asthma score of 4.0 would have approximately
a 30% probability of having no asthma, 66% probability of
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were independently associated with physician-assessed
asthma and developed an asthma score that quantifies the
likelihood of asthma and indicates severity.

Physician assessed asthma category
Infrequent
episodic

N

F

Persistent

10

The sample

9.7
9.2

9

8.7
8.2

8

The main limitations of this study are concerned with the
sample. There is a high proportion of reported asthma
(35.5%) as well as a high proportion of children who had at
least one asthma-like symptom in the past year (68.6%).
This may be owing to the study population being drawn
from a general practice setting where children with illness
attend, rather than a population sample. As the scale was
developed for use in general practice this high proportion is
not unreasonable.
However, the sample may not be representative of all children who attend general practice and of concern is the fact
that only half of those who completed the computer questionnaire attended the clinic appointment. Parents whose
children display asthma-like symptoms may have been
more likely to be motivated to take part. However, the only
identified difference was that attenders reported a higher
prevalence of symptoms on exercise compared with nonattenders. While any difference between attenders and nonattenders would not affect the internal validity of the study, it
could affect the ability to generalise the results as the sensitivity of the asthma score could be lower for all children
attending general practice.

8.0

Asthma score

7
6.4

6.3

6
5

5.1

4

3.8

3
median

2

1.8

interquartile
range
mean

1
0.1

0

Figure 1. Medians, interquartile ranges, and means of asthma
scores by category of assessed diagnosis.
1

0.03

Persistent

0.9
0.8
Frequent

Probability

0.7
0.67

0.6
0.5
0.4

Infrequent

0.3
No asthma

0.2

0.30

0.1
0
0

1

2

3

4
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6

7

8

9

10

Asthma Score
Figure 2. Cumulative probabilities of asthma categories: asthma
scores plotted against the likelihood of a child with that score
falling into each of the asthma categories.

having infrequent episodic asthma, 3% probability of having
frequent episodic asthma, and less than 0.2% probability of
having severe asthma.

Discussion
We determined that six items in the computer questionnaire

British Journal of General Practice, February 2001

Items
Each of the six variables with an independent association
with physician-assessed asthma have face validity and have
been reported to have associations with asthma and its
severity in a variety of settings.21-26
The sensitivity of a positive parent/child report is 70%
which is similar to the mean sensitivity of self-reported asthma found by Toren et al in their literature review of adults
assessed by questionnaire.27 The specificity was also similar
to the mean specificity found in that review at almost 98%.
Most screening questionnaires of asthma have only ‘yes’
and ‘no’ options for reported asthma. In this study, ‘don’t
know’ was an option, and over half of the children with this
answer were assessed as having asthma compared with
98% of those who said ‘yes’ and 9% of those who said ‘no’.
This implies that children whose parents (and/or the children
themselves) who are unsure about whether or not they have
asthma are the group most likely to benefit from efforts at
increased detection. Also, the children who said ‘no’ and
were later assessed as asthmatic by the physician were all
categorised as infrequent episodic; however, four out of 18
assessed as asthmatic in the ‘don’t know’ group had more
severe frequent episodic. This stresses the importance of
diagnostic energy being directed towards the indeterminate
group.
It is nevertheless interesting that of those with a previous
diagnosis of asthma and sufficient symptoms to support a
current diagnosis by physician assessment, 15 children had
a parent/child report of asthma that was negative or indeterminate. It is unlikely that these children will be receiving
appropriate treatment as recognising asthma is the first step
to proper management.6,28
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Asthma score
The asthma score is able to detect asthma with good sensitivity and specificity in children who do not have a definite
parent/child report that compares well with other screening
questionnaires.23-26,29 Importantly, it proved to have particularly high sensitivity in pre-school children who are generally more difficult to diagnose, which heightens its potential
usefulness. Also, unlike many questionnaires and checklists
used for asthma detection, this score quantifies the likelihood of asthma and is also able to discriminate between
infrequent asthma and those with a more severe and frequent condition.
We believe that the approach of using a scaled asthma
score to indicate the likelihood and severity of asthma more
closely models the nature of the disease than the traditional
‘asthma versus no asthma’ approach.30 Historically, asthma
has been approached with a dichotomous mindset when in
fact there is no magic point in the spectrum of symptomatology that represents a cut-off into asthma/not asthma, and
any attempts to do so are artificial. Asthma is a spectrum of
pathophysiology from a slight wheeze or cough to lifethreatening airways obstruction. The development of the
asthma score has been an attempt to transform a categorical rating into an indication of ‘asthma-ness’ incorporating
both detection of asthma and its severity, much as one
might (to use a laboratory example) check for the presence
and severity of anaemia by a haemoglobin level.
We believe that this approach to asthma could be adopted more widely both for clinical use and epidemiological
studies. In the past, such an approach may have been logistically impractical with its need for the rapid integration of
large amounts of information; however, with the advent of
widespread computer technology this approach has
become easily applicable.
Demands on the time and energy of GPs, as well as
expectations upon them, continue to increase. As the use of
information technology in medicine advances there is likely
to be a heightened demand for direct patient/computer interfaces to ease the burden of information gathering and assist
the GP in identifying otherwise undetected health problems.
The computerised questionnaire for childhood asthma and
the consequent asthma score represents another step in the
development of practical, clinical applications of information
technology to general practice.
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