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Development ofa symptom based outcome measure for asthma

Nick Steen, Allen Hutchinson, Elaine McColl, Martin P Eccles, Jenny Hewison, Keith A Meadows,
Stephen M Blades, Penny Fowler

Measuring symptom specific health outcome is
complex, but the methodologies now exist to
develop measures with the appropriate properties.
As one element of a major programme to develop
muldo health outcome measures for chronic
disease, a symptom based measure for asthma care
has been developed for use in general practice and
outpatient departments. This article outlines the
development process, which used a framework
recently described in the theoretical literature to
show the constraints that scientific criteria place
on the development of outcome measures and
the means of overcoming such limiting factors.
Although substantial effort is required to undertake a
rigorous process of development, useful tools are
the result. Two five item, symptom based outcome
measures for adult asthma are described.
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Although health outcome measurement is now
becoming a priority for the NHS, substantial scientific
hurdles are yet to be overcome. In the move from the
assessment of health status to the evaluation of health
outcome, a recent series of papers in the BAM
emphasised that not all health status measures have
the scientific attributes required of an outcomes
measure (for instance, evidence of responsiveness to
change) and not all outcome measures are health status
measures in psychometric terms (for instance, peak
flow reading in the management of asthma).'2 Other
authors have suggested that health outcome indicators
could be used to compare populations that are subject
to a range of influences, rather than just to evaluate the
effect of a specific intervention.3

Fitzpatrick and colleagues identified important
scientific issues in the measurement of health status
and health outcome.' 2 Measures must have the proper-
ties of validity and reliability. Validity relates to the
effect of systematic error; an instrument is valid to the
extent that it measures what it purports to measure.4
Reliability relates to the effect ofrandom error; it refers
to the extent to which the measure can reproduce the
same results in repeated applications under unchanged
circumstances. In addition to these properties, if
health outcome measures are to be used as evaluative
instruments they must also have the property of
responsiveness to change-the ability to identify what
may be small but none the less clinically important
changes.
This paper considers these scientific issues in the

development of a symptom based outcome measure for
adults with asthma. The work was undertaken in the
context of an attempt to develop practical outcome
measures that clinicians could use to assess the quality
of their care within primary care and hospital out-
patient departments (ambulatory care). Symptom
based outcome measures for both asthma and diabetes
were developed to complement functional and psycho-

social outcome measures (collected from patients) and
biomedical indicators of outcome (collected from
clinicians). The parent study, aimed at developing
these suites of measures, will be reported elsewhere;
this paper describes the work on symptom measures
for asthma. The key developmental steps are identified
sequentially; they follow closely the recommendations
of Streiner and Norman on the development of health
measurement scales.5

Critical review ofthe evidence
A review of the international literature must be

undertaken to determine whether an equivalent or
similar piece of work has already met the project
requirements. In this case work on measurement of
asthma symptoms was identified but few of these
health status measures had the properties of health
outcome measures. The asthma symptom question-
naires developed by Kinsman et al and Usherwood et al
had good internal reliability, and evidence was also
given in support of their validity.6 Patients had been
used as a principal source of symptoms in the develop-
ment ofboth questionnaires. But neither questionnaire
fully met our needs: because we had already identified
validated instruments that measured functional and
psychosocial health status our requirement was for a
questionnaire that measured clinical symptoms only.
No evidence in respect to sensitivity to change was
reported for either instrument. Nevertheless, the two
questionnaires provided a useful source of clinical
symptoms that might be included in a new question-
naire.

Selection ofsymptoms for a new questionnaire
Two general practitioners, a clinical psychologist,

and several asthmatic patients were asked to review the
pool ofitems to check for completeness (to determine if
any symptoms were missing) and also to offer an
opinion about the appropriateness of each of the
symptoms-that is, they were asked to ensure the
content validity and face validity of the new question-
naire.5 Content validity refers to the appropriateness of
the selection of concepts for inclusion in the measure.
Several symptoms-for example, dizziness-were
excluded at this stage, since they were judged by
clinicians or patients to be of little specific relevance to
patients with asthma. An item about coughing at night
was added, since this is a common symptom in asthma
and thus is appropriate and important to include. The
final pool ofitems is given in table I.

Construction ofitems
Three particular issues were of concern in this

development process-choosing a recall period, which
may affect reliability, and quantifying the frequency
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TABLE I-Items included in
scalesfor measuring symptoms of
asthma

Reduced
scale

Asthma symptoms 1 2

Breathlessness during
exercise v v

Breathlessness during
day when not
exercising

Wheezing during day
Coughing during day
Wheezing at night
Breathlessness at night
Coughing at night J J
Disturbed sleep
Fear because ofasthma
Feeling of tightness in

chest J

and severity of symptoms. Recall is likely to be more

accurate over a short recent period than over a

protracted period. Thus a questionnaire that asks
about symptoms experienced in the previous week is
likely to have greater reliability than one that asks
about symptoms experienced during the past three
months. If prevalence of a particular symptom in
a target population is low, however, few patients
may endorse a question relating to its occurrence if
the recall period is too restricted-for example, the
previous day. Low item endorsement may reduce the
utility of the measure for detecting differences in
health status between individuals.5

It was necessary, therefore, to strike a balance
between a timeframe that was too long, perhaps
leading to recall bias, and too short, which might lead
to low item endorsement. We therefore chose one

month as the recall period for items asking about
symptom frequency and three months for items asking

about more memorable events such as time off work
and consultations with the doctor.
The problem of assessing symptom severity was that

of finding expressions that were acceptable to patients
and clinicians. Some patients, for example, might find
a severe wheeze during the day less of a problem than a
slightly less severe attack during the night. Various
forms of wording were considered and piloted with
patients. The final choice was, "How much bother
does the symptom cause?"

Scaling responses
Each of the 10 questions on frequency and severity

of symptoms was of the form, "On how many days in
the past month have you experienced a particular
symptom?" (box). It was felt to be unreasonable to
expect the patient to recall the exact number of days;
instead a five point scale, ranging from never to every

day, was used. Bother was measured on a four point
scale ranging from no bother at all to very much
bother. We provided a "does not apply to me" category
for patients who had not experienced that symptom
during the past month.

Testing the questionnaires
INTERPRETABILITY AND ADMINISTRATION

The new questionnaire was piloted on groups of
patients to ensure that each item could be easily
understood. This resulted in some minor refinements
to the wording ofquestions.

Items where the vast majority of patients endorsed
only one of the responses categories were discarded,
since such items provide little information.'

ENDORSEMENT OF RESPONSE CATEGORIES

After a questionnaire has been tested for readability
and absence of ambiguity, it should be tested for
endorsement frequency. The asthma symptom
questionnaire was given by clinicians to a convenience
sample of patients with asthma, drawn from 32 general

practice sites and seven hospital outpatient clinics.
Sample size calculations were based on the require-
ments of the parent study. People with asthma aged 18
and over and who could read and write in English were
eligible for inclusion in the study. Pregnancy was

an absolute exclusion criterion, and clinicians were

discouraged from recruiting patients during an acute
exacerbation of the illness, since this was likely to
produce a biased view of symptom frequency and
severity. In practice, most patients were recruited
during a routine review consultation. A total of 639
patients were recruited, 390 from general practices and
207 from outpatient clinics.
Response rates provide some indication of the

acceptability of the questionnaire to patients. For the
asthma symptoms questionnaire the overall response
rate, after two reminders, was 93%. (Response rate
before one reminder was 78% and after one reminder,
88%.) Non-response to individual questions was also
low; of those questionnaires returned, 98% contained
complete data for all 10 symptoms. It is likely that both
these figures will be higher than those arising from a

similar administration to a random sample; in this
development phase clinicians were asked to exclude
patients who they felt would have difficulty completing
the questionnaire. None the less, these response rates
provide some indication that the questionnaire is
acceptable to and understandable by patients.

INTERNAL RELIABILIXTY

Homogeneity refers to the extent to which an

instrument measures a single concept or trait. All items
in a scale should measure the same concept, perhaps
summing the responses to the individual items to
obtain a simple index. The index would not be easy to
interpret if the items of which it consists actually
measured different concepts. If a scale is homogeneous,
the scores on the individual items would be expected to
be correlated with each other. A widely used indicator
of internal reliability or homogeneity is Cronbach's oL.8
Low values ofa would indicate poor internal reliability
(the items do not all measure the same concept), but
high values suggest that the items correlate so well that
the information could be obtained from a subset of
items.
There is no hard and fast rule as to what constitutes

an optimum value of a but somewhere in the
range 0-70-0-85 would seem reasonable. The internal
reliability of the 10 item questionnaire was 0 93,
suggesting that some items are redundant and could be
eliminated without losing too much information. This
was confirmed when we examined the partial correla-
tion coefficients9 of the individual symptom scores with
the total score. Regression analysis suggested that a five
item scale would explain over 95% of the variation in
the 10 item scale.
Two possible sets of five items were identified

through the regression analysis (table I). Shortness of
breath on exercise was common to both sets. Each set
contained two additional questions relating to daytime
symptoms and two questions relating to nocturnal
symptoms. The internal reliability of these two
reduced scales was 0-86 and 0-87. In this develop-
mental phase of the work 10 items have been retained
pending an assessment of their performance in planned
inteventions in ambulatory care, but these results
suggest that either of the five item groups would be

adequate in future investigations.

TEST-RETEST RELIABILITY

Reliability of the questionnaire should be checked
by administering the questionnaire twice, 2-14 days
apart, to the same group of patients.' Test-retest
reliability of the asthma symptom questionnaire will be
assessed in a future study.
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Format ofquestions
Please encircle the number that best describes how you have been in the last month.
In the last month, on how many days have you wheezed during the day?

On one or On several On most Every
Never a few days days days day

1 1 2 3 4

How much bother did the wheezing cause?
Does not No bother Not much Much Very much

apply to me at all bother bother bother
8 0 1 2 3
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From items to scales
In deriving a scale from a set of items, consideration

must be given to the relative weighting of those items.
Clinicians considered that symptoms which caused
patients a lot of bother should be given a higher
weighting than symptoms which caused little bother.
The mean level of bother corresponding to each
response category for each symptom was calculated.
The statistical package ELIM was used to model the
data,'0 generalised linear models" were fitted using
weighted least squares. This indicated that there was a
symptom effect (the mean level of bother varied from
symptom to symptom); that there was a response
category effect (the mean level of bother changed as
patients reported higher symptom frequency); but that
there was no interaction effect between symptoms and
response categories. That is, the way in which bother
depends on symptom frequency is the same for all
symptoms.
This suggested a weighting system that used relative

weights for each of the symptoms (these range from
0-81 for coughing during the day to 1-30 for fear due
to asthma) and relative weights for each of the response
categories (never=0; one or a few days= 1 4; several
days=2-2; most days=2-7; and every day=3.7). The
performance of the weighted and unweighted scales is
compared in the following sections.

Validity
The key problem with the estimation of validity is

that there is no "gold standard" to act as a criterion
against which performance of the scale of interest can
be judged.' Instead, the criterion of expert clinical
opinion is sometimes used. For a sample of patients,
clinicians were asked to complete the Duke severity
of illness index.'2 This included a question in which the
doctors were asked to rate, on a five point scale, the
level of symptoms experienced by the patient during
the previous week.

Clinicians were asked to consider what other criteria
might be appropriate to assess concurrent and
predictive validity. They expected that a high level
of symptoms would be associated with adverse
occurrences such as the number of asthma attacks and
chest infections experienced by the patient, a higher
frequency of consultations, and time off work (or
impairment of other activities) due to asthma. Con-
current validity refers to the extent to which responses
on the scale under investigation correlate with scores
on a criterion measure, where both measurements are
made at the same time. In assessing concurrent validity,
therefore, we related patients' symptom scores and
doctors' assessment of symptom levels to adverse
occurrences in the previous three months, as reported
in the same questionnaire. Predictive validity is estab-
lished by relating responses on the scale of interest at a
given time to a criterion some time in the future'; we
related patients' symptom scores at baseline to adverse
events as reported in an identical follow up question-
naire three months later.

TABLE II-Concurrent and predictive validity of the 10 item asthma symptom questionnaire. Values are
Spearman rank-order correlation coefficients

10 Item asthma symptom score Doctors' evaluation ofsymptom level

Concurrent Predictive Concurrent Predictive
Criteria validity* validitYt- validity* validitYt

No of asthma attacks 0-45 0-44 0-32 0-27
Chest infections 0-47 0-37 0-36 0-30
Routine consultations 0-53 0-57 0-37 0-42
Unplanned consultations 0-36 0-53 0-35 0-26
Impaired activity 0-56 0 53 0-34 0-34

*Scale scores were correlated with the adverse occurrences (the criteria) which occurred during the three months
before the questionnaire.
tIn assessing predictive validity, scale scores were correlated with the adverse occurrences which occurred in the
three months after the questionnaire.

Some of these criteria are influenced by factors other
than level of symptoms. Thus, although correlation of
the criteria with the symptom score should be high, it
is not expected to be perfect. Table II shows how well
the total asthma symptom score correlates with the
criteria identified by the panel of experts contrasted
with the clinicians' rating of symptom level. Correla-
tions of the criteria with the asthma symptom score
were higher than the corresponding correlations with
the clinicians' ratings. This may be due to the coarse-
ness of the clinicians' rating scale, the different time
scale, or possibly because the information about
symptoms provided by clinicians is less reliable than
that provided by patients themselves. The doctors'
ratings are probably based on information provided
by the patients; they are a less direct assessment of the
level ofsymptoms experienced by the patient.

TABLE iii-Coefficients (99% confidence intervals) for correlation of
alternativeforms ofasthma symptom score with criterion index

Concurrent validity Predictive validity

Correlation Correlation
coefficient coefficient

(99% confidence (99% confidence
Scale interval) interval)

Total symptom score 0-68 (0-62 to 0-74) 0.59 (0-48 to 0-69)
Weighted symptom score 0-68 (0-62 to 0-74) 0-58 (0-47 to 0-68)
Reduced scale 1 0-65 (0-59 to 0-71) 0-58 (0-46 to 0-68)
Reduced scale 2 0-66 (0-59 to 0-72) 0-57 (0 45 to 0-67)
SF-36 general health

perception scale 0-58 (0-46 to 0-68) 0-53 (0-33 to 0-68)

Validity of different forms of the asthma symptoms
questionnaire was further investigated by considering
their correlation with a single index formed from
the criteria identified above (table III). To provide
context, correlation of the criterion index with a
validated general health status scale-the general
health perception scale from the SF-3613-is also
reported.

TABLE tv-Change in asthma symptom score by patients' perception of
change in their asthma

Mean change
Perception ofchange (95% confidence interval)

Much better (n=26) -15-0 (-23-1 to -6 9)
A little better (n=36) -6-0 (-11 1 to 0-9)
About the same (n= 142) -0-4 (-2-9 to 2-2)
A little worse (n=40) 5-2 (-0 4 to 10-8)
Much worse (n= 5) -1-0 (-14-5 to 12-6)

In terms of correlation with the criterion index,
there is very little difference between the weighted and
unweighted symptom scores. The performance of the
two reduced scales is almost identical and their correla-
tion with the criterion index is of the same order as
the correlation of the total symptom score with the
criterion index. In general the symptom scores seem to
correlate more highly than the general health percep-
tion scale, but there is some overlap in the reported
confidence intervals.
A further aspect of validity is construct validity; this

refers to the extent to which the results obtained with a
measure accord with the pattern of responses that
would be expected on theoretical grounds. One indica-
tion of construct validity is the discriminatory power of
the measure-its ability to discriminate or distinguish
between groups that are known to differ.5 We assessed
the discriminatory power of our measure of asthma
symptoms outcome by means of a case-control study.
A total of229 patients with asthma and 448 age and sex
matched controls were drawn at random from the
disease registers and practice lists of two general
practices in Newcastle upon Tyne; sample sizes were
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determined to detect a difference of 10% between cases
and controls with 80% power. All those sampled were
asked to complete a questionnaire containing nine of
the 10 questions on symptom frequency (the question
relating to fear due to an asthma attack was not given to
controls and was omitted). It was hypothesised that the
asthmatic patients would have poorer health (more
frequent symptoms) than the controls. A statistical test
was needed that would take into account the ordinal
nature of the response categories (that is, that "every
day" was worse than "on most days"); the statistic of
choice was the Mantel-Haenszel X2 value.'4 Differences
between cases and controls were large for all symptoms,
indicating that our measure had satisfactory dis-
criminatory power.

Responsiveness and sensitivity to change
An outcome measure should be able to detect change

in health status over time. The degree of sensitivity
required will depend on the purpose of the measure. A
measure intended to assess outcome for a single patient
will need to be more sensitive than one intended to
assess outcome for groups of patients. The 10 item
asthma symptom questionnaire was administered
twice to 250 patients, three months apart. The patients
were also asked directly about how they thought their
asthma had changed during that three month period.
There was reasonable agreement between the

patients' assessment of change and the change in their
asthma symptom score calculated by taking the differ-
ence of the scores obtained at baseline and follow up
(table III). Analysis of variance8 indicated that the
mean score varied between groups of patients with
the same perception of change in health. There was
a significant trend across groups (F1244=27-2); the
deviation from linearity was not significant.
A preliminary assessment of the relative perform-

ance of different forms of the asthma symptom
questionnaire has been based on the 26 patients who
had perceived much improvement in their asthma.
(table IV). For all forms ofthe symptom scale there was
a significant reduction in score for these 26 patients
between baseline and follow up. The magnitudes ofthe
t statistics derived from the paired t tests suggest that
there is little difference in the performance of the
different forms of the scale. The unweighted scale
performed as well as the weighted scale, both five item
scales performed as well as the full length version. In
contrast, there was no change in self reported health
status measured on the SF-36 general health percep-
tion scale. Thus there is some preliminary evidence to
suggest that, for asthma at least, the symptom based
outcome measure is much more sensitive to change in a
patient's asthma than is a generic measure of general
health perception.

Effect size has been proposed as a measure of the
responsiveness of a questionnaire." 16 This is simply
the difference between baseline and follow up scores
divided by the standard error of baseline scores.
Comparison of effect size across the different scales
(table IV) shows little difference in the relative per-
formance of the different forms of the symptom

TABLE v-Change in total symptom scorefor 26patients reporting much improvement in their asthma

Mean score

Scale Baseline Follow up tValue P value Effect size

Total symptom score 14-5 8-5 3-65 <0 001 0-66
Weightedsymptomscore 14-9 9-7 3-78 <0 001 0 70
Reduced scale 1 8-1 4 9 3-85 <0 001 0-65
Reduced scale 2 8-1 4-7 3-57 <0 001 0-64
SF-36 general health perception scale* 58-9 55-8 -0-79t 0 72t -0-14

*The SF-36 is scaled such that an increase in the score represents an improvement in health status.
tThe SF-36 was administered to a subset ofpatients only; calculations are based on 13 cases.

measure and that the generic measure does not seem to
be responsive to change.

Discussion
A symptom based outcome measure has been

developed for use in two situations-as a measure of a
specific intervention such as starting steroid treatment,
and as a comparative indicator between general
practices or outpatient clinics. In undertaking such a
development, certain "rules" must be followed. Much
time and effort can be saved by drawing on the work of
those who have previously carried out research in the
field of interest. If new symptom based measures need
to be developed, they must have the same attributes of
reliability and validity as all other forms of outcome
measure. Above all, if the measures are to be used to
evaluate the effects of care they should be responsive
and sensitive to change. The work reported here shows
that symptom based outcome measures with these
desirable properties can be developed. Such condition
specific measures may be more responsive to change
than generic measures, which reinforces the support
for condition specific outcome measures.
For the measure reported here there seems to be no

advantage in assigning weights to different symptoms;
there was little difference in the relative performance of
the weighted and unweighted index. There is also some
evidence to suggest that the scale may be shortened to
five items without significantly reducing its perform-
ance. Use of the measure alongside specific interven-
tions in primary care settings is being planned and
should facilitate its refinement. This next phase of the
development will focus on the clinical utility of the
symptom questionnaire. In particular we shall investi-
gate whether it can be used as part of a patient profile
that will help in management ofindividual patients.
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time in this study. We are very grateful to them. Our
administrative team-Christine Hutchinson, Linda Duck-
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