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Bayesian Estimation of Asthma Prevalence, and Comparison of Exercise
and Questionnaire Diagnostics in the Absence of a Gold Standard
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PURPOSE: To estimate the sensitivities, specificities, and predictive values of exercise challenge and
questionnaire, when these tests are used to diagnose asthma in children.

METHODS: Participants were children, predominantly aged 6 to 12 years, selected from three primary
school grades among 18 different schools in Montreal. Of 1111 participants, 989 successfully completed
a six-minute free running test at school and returned a respiratory questionnaire. A total of 952 children
had complete information that could be used for analysis. A history of wheezing in the past year in
conjunction with a past diagnosis of asthma defined current asthma by questionnaire. Exercise respon-
siveness was defined as a = 10% fall in FEV, after a six-minute free run. As there is no perfectly accurate
diagnostic test for asthma, we analyzed the data using a previously published Bayesian method that
allows for the estimation of test properties when no gold standard test is available.

RESULTS: Current asthma by questionnaire was found to have significantly higher specificity (94.9%,
95% credible interval (CI): 93.2-96.5 versus 82.6%, 95% CI: 79.9-85.1) and positive predictive value
(53.8%, 95% CI: 41.0-66.7 versus 19.2%, 95% CI: 12.3-27.8) in comparison to exercise challenge.
While there was no statistically significant difference between the two tests with respect to sensitivity
and negative predictive values, the estimates were higher for current asthma (64.4%, 95% CI: 50.9-76.6
and 96.7%, 95% CI: 94.6-98.1, respectively) in comparison to exercise challenge (51.3%, 95% CI:
37.8-64.5 and 95.4%, 95% CI: 93.2-97.1, respectively). Agreement between the two diagnostic methods
was poor and the combined use of the two tests did not significantly improve the likelihood of correctly
identifying children with asthma.

CONCLUSIONS: Our findings support the view that exercise testing adds little to a well designed
questionnaire in identifying subjects with asthma in community based studies.
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testing an important adjunct to the diagnosis of asthma (2,
3). Respiratory questionnaires, provocation tests by pharma-
cological agents (histamine and methacholine), and physio-
logical stimuli (exercise) have all been used as diagnostic
tests and to assess the severity of asthma (4-6).

Large differences between countries in the prevalence of
asthma have been reported (7). Comparison of results from
different studies is difficult because of the different methods
used to define asthma. Recently, the use of both question-
naire responses and airway provocation tests were suggested
in defining asthma for epidemiological studies (8).

For population studies, exercise challenge tests are
thought to be more readily accepted by parents and children

INTRODUCTION

Asthma is a clinical syndrome of reversible airway obstruc-
tion with accompanying inflammation. The term asthma is
used to embrace a range of airway conditions manifesting
in increased airway resistance and increased responsiveness
(1). There is no universally accepted definition, nor are
there symptoms that are wholly specific for asthma. There-
fore, establishing the diagnosis on clinical grounds is some-
times difficult. The recognition that enhanced airway re-
sponsiveness may accompany asthma has made provocation
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than pharmacological stimulation because of the physiologi-
cal nature of the provocation which is more readily received
by parents and children. A recent study by Ninan and Russel
(9) however, suggested that exercise testing enhanced by
cold air adds very little to a well designed respiratory ques-
tionnaire. Most of the studies which compared the test
characteristics (sensitivity, specificity, and predictive val-
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Selected Abbreviations and Acronyms
CI = credible interval
EIB = exercise induced broncoscopy
FEV, = forced expiratory volume in 1 second
FVC = forced vital capacity
SES = socioeconomic status
ROC = receiver operating characteristics

ues) of exercise have been limited to hospital or clinic
patients who are unlikely to be representative of the general
population (6, 10-17). Furthermore, the test characteristics
of exercise challenges have often been evaluated against a
questionnaire (inquiries or clinical diagnoses) used as the
gold standard (18). In fact, one may argue that there is no
gold standard for the diagnosis of asthma, and therefore
previous estimates that do not recognize this may be biased
and therefore invalid. It is nevertheless important for the
planning of future studies, and for clinical and public health
practice, to have the best possible estimates of asthma preva-
lence (in any given population) and the parameters (sensi-
tivity, specificity, positive and negative predictive values)
for existing diagnostic tests.

There is no study which has compared test characteristics
of respiratory questionnaire and exercise challenge on a
population based sample without assuming either to be a
gold standard. We therefore took the opportunity during
a study of the determinants of respiratory health in Montreal
school children to compare the sensitivities, specificities,
and positive and negative predictive values of questionnaire
response, and exercise challenge test in the diagnosis of
asthma, as well as to provide a prevalence estimate in this
population based on the combined results of the two tests.
We used a recently developed Bayesian approach to the
analysis of diagnostic test results (19, 20) that permits simul-
taneous estimation of all test parameters in the case when
none is considered to provide perfectly accurate results.

METHODS
Study Population

Eighteen schools were selected on the island of Montreal
in order to represent a broad range of socioeconomic status
(SES). To achieve this, all schools in the five school boards
in central Montreal, were ranked according to neighborhood
average house values. Within each school board, schools
were selected from upper, middle, and lower ranges of neigh-
borhood average house value. For each of the 18 schools so
selected, three classes, one class from each of grades one (6
to 7 years of age), three (8 and 9 years of age), and five (10
to 13 years of age), were selected. A total 1274 children
were recruited for the study. Comparison of schools selected
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with those not selected showed no meaningful difference
with respect to neighborhood poverty, income, and educa-
tional attainment.

Respiratory Questionnaires

A questionnaire concerning the child’s health and home
environment (derived from the American Thoracic Society
Children’s Questionnaire) was completed by parents (in
73% by biological mothers, 24% by biological fathers, and
3% by either a step or grand parent).

Symptoms and diagnosis were defined as follows: “Does the
child’s chest ever sound wheezy or whistling?” (ever wheeze);
“Has the child had wheezing or whistling in the chest at any
time in the last 12 months?” (current wheeze); “Does the
child’s chest usually sound congested or does the child usually
cough and bring up mucus?”’ (cough with mucus); “Do colds
usually go to the child’s chest?” (chest colds); “Does the child
usually cough?” (usual cough); “Has the child been coughing
at night or on getting up in the morning during the past
month?” (night cough); “Has the child ever been diagnosed
as having asthma?” (history of asthma).

For the present analysis, if a child’s parent answered “yes”
to both of the following questions: “Has a physician ever
diagnosed asthma in your child?” and “Has the child had
wheezy breathing in the past 12 months?”, he/she was de-
fined as having “current asthma.”

Lung Function

In the school gymnasium, height and weight were recorded,
and inquiries were made concerning respiratory tract infec-
tions in all subjects, and current smoking among grade 5
children. Spirometry was carried out sitting and with nose
clips using two Collins 10-liter water-sealed spirometers
(Warren E. Collins, Braintree, MA) according to current
American Thoracic Society guidelines (21) and best FEV,
and FVC from any flow volume curve used for analysis (22).

After a five minute rest, heart rate was measured using
a digital plethysmograph (Heart Rate Inc., Costa Mesa,
CA). Children were then asked to run around the gymna-
sium for six minutes at a pace judged sufficient to attain
90% or more of the predicted maximal heart rate (23). The
heart rate was remeasured immediately on completion of
exercise. Five and ten minutes after completion of exercise,
spirometry was repeated on the same spirometer. Tempera-
ture and humidity of the gymnasium were recorded at the
time of the test. No specific instructions were given concern-
ing the use of medications including those for asthma. The
exercise test was completed successfully in 989 children.
For this analysis, a positive exercise test (exercise induced
bronchospasm (EIB)) was defined as 10% or more decline
in FEV| following exercise challenge (24-26). Only 11 chil-
dren had been using a B-agonists and one theophylline in
the days preceding the test.
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Statistical Methods

Since neither of the two tests (exercise challenge and
asthma by questionnaire) can be considered as a gold stan-
dard in defining asthma in epidemiologic studies, there are
five unknown parameters about which inference must be
made: the population prevalence of asthma, and the sensi-
tivity and specificity of each of the two tests. However,
when two tests are applied to a sample of subjects from a
given population, there are only three degrees of freedom
available for inference from the resulting two-by-two table
of data. Therefore, only three of the five parameters may
be simultaneously estimated using standard maximum likeli-
hood estimation techniques (27). For example, one test
can be considered as a gold standard (so that sensitivity =
specificity = 100% is assumed for that test), and the other
test parameters, along with the prevalence of the disease,
can then be estimated. While this has been used in the
past, the approach likely produces biased estimates, since
no test is a gold standard for asthma. Furthermore, the
confidence intervals around the estimated parameters are
too narrow, since they do not account for the uncertainty
about the true sensitivity and specificity of the test that is
falsely assumed to be perfect.

An alternative is to use a Bayesian approach that simulta-
neously estimates all five unknown parameters (19, 20).
This methods proceeds in two steps: First, a prior distribution
is obtained for each unknown parameter. This distribution
summarizes the available pre-experimental information
about the five parameters. Subsequently, the prior distribu-
tion is updated via Bayes Theorem to a posterior distribution,
using the data and the usual multinomial likelihood function
for two-by-two tables. Marginal posterior densities can be
derived for each parameter by integration, from which 95%
marginal posterior credible intervals (CI, Bayesian ana-
logues of confidence intervals) can be calculated. Since
the integration here is analytically intractable, the Gibbs
Sampler, a Monte Carlo approach to calculating marginal
densities (28), is employed. The above methods allow for
simultaneous inferences to be made for all unknown parame-
ters, which takes full advantage of all the information con-

TABLE 1. Prior distribution of sensitivities and specificities for
exercise and current asthma by questionnaire as well as the
population prevalence of asthma in children

Specificity
range (%)*

Sensitivity
range (%)*

Exercise challenge 30-60 80-98
Current asthma

by questionnaire 55-80 65-85
Prevalence of asthma

in children (%) 3-12

*Range of sensitivities and specificities reported by panel of experts.
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tained in the data, as well as formally incorporating prior
information, when available.

The Bayesian approach is, in fact, a generalization of the
standard maximum likelihood method, since it includes it
as a special case in the following sense: If one chooses prior
distributions that concentrate all probability mass on the
values of 100% for the sensitivity and specificity of one
test, and use flat non-informative prior distributions for
the remaining three parameters, then the results coincide
numerically with those given by the standard approach.
However, this prior distribution is unreasonable, since we
do not believe that one of the tests is in fact perfect. There-
fore, the Bayesian approach can be seen as more realistic
when no perfect test is available.

While the Bayesian approach employs more reasonable as-
sumptions, this advantage comes at a cost of having to specify
a prior distribution for each parameter from the information
available before the analysis of the data from the current
study. Since the choice of prior distribution is not unique,
the final posterior distributions are also not unique. There-
fore, it is usual to calculate posterior distributions from more
than one prior distribution. Here, two analyses were carried
out, one for each of the following strategies that were em-
ployed to derive prior distributions.

The first involves informative prior distributions for all
parameters. A panel of four experts on childhood asthma
were asked to provide their best estimate of the sensitivities
and specificities of exercise challenge and current asthma
by questionnaire, as well as the prevalence of asthma in
children of this age group. Prior distributions that summarize
the information provided by the experts about each parame-
ter were derived. Table 1 provides the 95% credible intervals
from their combined prior information. In our first analysis
strategy, we used all five prior distributions given in Table
1. Therefore, the results that arise from this analysis repre-
sent our experts’ best estimates based on their prior knowl-
edge and the data in the experiment.

As a second strategy, the prior distribution for the preva-
lence of asthma was used, but nothing was assumed a priori
about the sensitivities and specificities of the two tests.
Formally, the prior distribution is equal to a constant over
the entire range of the parameter (that is, from 0% to
100%), so that a priori, all values are equally likely. This
strategy allows the data alone to provide estimates of the
test properties, while the prevalence retains the same prior
distribution as in strategy (1).

Since the positive and negative predictive values are
simply functions of the sensitivity, specificity, and disease
prevalence, they are also immediately available once the
other parameters are known.

The degree of agreement between the two diagnostic
tests (exercise challenge and current asthma by question-
naire) was estimated through a constant predictive probabil-
ity model (a-parameter) as advocated by Aickin (29). For
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comparison, the K-coefficient (30) was also calculated. Al-
though we calculated both kappa statistics and the a-param-
eter to compare the agreement between the two diagnostic
tests, we feel the a-parameter to be more valid. This is
because in calculating kappa, the expected proportion is
generally defined in terms of certain marginal probabilities
that occur in a model, in which both chance and causal
agreement are present. Consequently, the expected propor-
tion tends to include not only the random agreement that
is intended to be captured, but in addition, some of the
agreement for cause. As pointed out by Aickin (29), Cohen’s
kappa, therefore, penalizes raters who tend to agree because
it uses their observed marginal probabilities to correct for
chance agreement. This correction term will be larger as
the two marginal distributions tend to agree. On the other
hand, the constant predictive probability model (a-parame-
ter) obviates this difficulty, since the correlation is made
with marginal probabilities of the items that are difficult to
classify, and less influenced by excess frequencies in the
diagonal cells that represent agreement for cause.

RESULTS
Characteristics of the Study Population

Of the 1274 children selected from 18 schools, the parents
of 130 (10.2%) refused participation of their children, while
a further 75 (5.9%) children did not return the question-
naire. There were no meaningful differences between partic-
ipants and non-participants as to age of the child (mean
[SD]: 8.8 [1.8] versus 8.0 [1.9]), gender (boys: 50.5% versus
55.4%), race (Caucasians: 78% versus 80.9%), neighbor-
hood SES assessed by the census data (poorest SES quartile:
26.6% versus 22%). Among families who refused permission
for their child to participate in testing at school but did
return the questionnaire (n = 99), mothers were less likely
to be currently smoking (18.8% versus 37.9%) but no mean-
ingful differences were seen in terms of respiratory symp-
toms, type of heating, cooking fuel used, and pets. Spirome-
try was not performed for a further 23 children because of
the child’s sickness or absence from school. Of the 1046
children who attempted spirometry, 28 (2.7%) were unable
to complete the test successfully and such failure was more
common among younger children but was unrelated to re-
ported respiratory illness, symptoms, or SES. The spirometry
data of a further 28 (2.7%) children were lost after the test.
One child (0.1%) was excluded because of a severe asthmatic
attack at the time of the test. After the above exclusions, 989
(77.6%) children remained for analysis. Of these children,
778 (78.7%) were Caucasians, 71 (7.2%) black, 39 (3.9%)
Asian, 41 (4.1%) East Indians, and 60 (6.0%) were from
other ethnic groups, such as North American Indians.
Table 2 provides descriptive characteristics for responders
to the initial questionnaire (n = 1,111). The prevalence of
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ever and current wheezing was quite low in comparison to
published results in similar populations whereas the preva-
lence of asthma was comparable (31). This is likely due to
the unsatisfactory translation of the term wheezing into
French and has been described previously in studies carried
out in the province of Quebec (31).

Thirty-nine children had repeat exercise testing on two
different days. Agreement as to the presence or absence of
exercise induced bronchospasm was 72%.

Comparison of the mean age and atmospheric conditions
in those children with and without EIB did not show impor-
tant differences (Table 3).

Agreement Between the Two Diagnostic Tests (Exercise
Challenge and Current Asthma by Questionnaire)

A total of 952 children (85.7%) studied at school had results
for both exercise challenge and asthma by questionnaire.
Among the children with results for the two diagnostic
methods, 215 (22.6%) were classified as positive by at least
one of the two tests (Table 4), EIB was present in 184
(19.3%) children, of which only 22 (12.0%) were classified
as having current asthma by questionnaire. Of the 53 chil-
dren who were classified as having current asthma by ques-
tionnaire, only 22 (41.5%) had EIB.

When informative priors for all parameters were used,
there was a 61.3% probability of having asthma when the
child was identified as positive by the two methods (Table
4), followed by 25% when the child was classified as positive
by questionnaire, but negative by exercise. The probability

TABLE 2. Descriptive characteristics of responders to initial
questionnaire in the cross-sectional survey at schools

Number  Percentage

Boys n = 1,111 553 49.9
Symptoms/diagnosis n = 1101

Usual cough 113 10.3

Night cough 112 10.2

Ever wheeze 117 10.6

History of asthma 133 12.1

Current asthma 51 4.6

Asthma treatment 50 4.5
Parental smoking, current n= 1111

Neither® 538 48.4

Mother only* 203 18.3

Father only® 180 16.2

Both 190 17.1
Child shares bedroom n = 1109 487 439
Child attended daycare n = 1102 373 339
Pets in home, current n = 1109

Any 503 45.4

Cats 209 18.9
Exercise induced bronchospasm

(EIB)® n = 989 189 19.1

2318 (28.6%) are monoparental.
" Fall in FEV, = 10%.



AEP Vol. 8, No. 3
April 1998: 201-208

Denmissie et al. 205

COMPARISON OF EXERCISE AND QUESTIONNAIRE DIAGNOSTICS IN ASTHMA

TABLE 3. Mean age, indicators of effort and atmospheric conditions in exercise challenge tests among children with and without EIB

Age in years

Pre-exercise heart rate (beats/min)
Post-exercise heart rate (beats/min)
Distance run (meters/6 min)
Temperature in the room at testing (°C)
Humidity in the room at testing
Percent maximum heart rate?

Children with EIB Children without EIB
(n = 189) Mean (SD) (n = 800) Mean (SD)
5 (1.8) 8 (1.8)
6 (15) 6 (15)
1956(11 9) 1946(13 5)
1025 (184) 1052 (187)
195(25) 192(23)
1(12.3) 0 (11.1)
87.8 (5.9) 87 4 (6.3)

* Calculation was based on age and gender-specific maximal heart rate by Bruce Treadmill Protocol (reference 32).

of having asthma (predictive value) when the child was
classified as positive by exercise but negative by question-
naire was 4.8% (Table 4). The trend was similar when
informative prior probabilities for prevalence and uniform
distribution for all other parameters were used.

Crude agreement between the two diagnostic tests ap-
peared acceptable (79.7%), largely since most children
tested negatively on both tests. The K-coefficient was only
10.9%, however, and the a-parameter was 35.4% (95% CI:
22.1-48.7). Therefore, correcting for chance agreement by
either the standard or Aickin’s methods showed that
agreement for cause is low, almost certainly below 50%.

Prevalence of Asthma

In the sample of children studied, the estimated prevalence
was 4.2% (95% CI: 2.4-6.6), using prior information for all
parameters (see Table 1), whereas the estimated prevalence
of asthma without a prior estimate for sensitivity and speci-
ficity (i.e., using non informative priors), but the same prior
estimate for asthma prevalence, was 6.8% (95% CI: 3.6—
11.9). The latter interval is wider than the former, since
more prior information was included in the first estimate.

Comparison of the Test Characteristics of Exercise
Challenge and Current Asthma by Questionnaire

Using informative prior distributions for all parameters (Ta-
ble 1), current asthma by questionnaire was found to have
significantly higher specificity and positive predictive value

TABLE 4. Distribution of children by their test results

in comparison to exercise challenge (Table 5). While there
was no statistically significant difference between the two
tests with respect to sensitivity and negative predictive val-
ues (see overlapping CI in Table 5), the estimates were
higher for current asthma in comparison to exercise chal-
lenge. Similarly, with informative prior for prevalence (Ta-
ble 1) and uniform priors for sensitivity and specificity, the
specificity was significantly higher for current asthma by
questionnaire than exercise challenge, whereas there was
no statistically significant difference between the two tests
with respect to sensitivity and positive and negative pre-
dictive values (see the overlapping CI in Table 5).

DISCUSSION

We found the estimated prevalence of current asthma to
be 4.2% (95% CI: 2.4-6.6) using the combination of an
exercise challenge test and a questionnaire in a general
population sample of primary school children. Exercise chal-
lenge was the less desirable of the two tests in terms of
sensitivity, specificity, and positive predictive values, when
the purpose was selecting a single test for the identification
of subjects with asthma. Use of the two tests did not signifi-
cantly improve the likelihood of correctly identifying chil-
dren with asthma. Overall agreement between the two
methods was poor.

The test characteristics (sensitivity, specificity, predictive
values) of a diagnostic test are usually calculated by compari-

% of disease (asthma)

No. of subjects Asthma by

(total: 952) EIB Questionnaire Using approach 1? Using approach 2°
22 yes yes 61.3 82.3

162 yes no 4.8 14.9
31 no yes 25.0 39.5

37 no no 1.0 1.7

* Informative priors for all parameters (Table 1).

" Informative priors for prevalence (Table 1) and uniform priors for sensitivity and specificity.
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TABLE 5. Test characteristics of exercise challenge and current asthma by questionnaire with 95% credible intervals in the

whole sample

Current asthma

Exercise by questionnaire

In the sample of children studied at schools, n = 952)
With informative priors*

Sensitivity, %

Specificity, %

Positive predictive value, %

Negative predictive value, %
With informative priors for prevalence and uniform
priors for sensitivity and specificity?

Sensitivty, %

Specificity, %

Positive predictive value, %

Negative predictive value, %

51.3 (37.8-64.5 64.4 (50.9-76.6

) ( )
82.6 (79.9-85.1) 94.9 (93.2-96.5)
19.2 (12.3-21.8) 53.8 (41.0-66.7)
95.4 (93.2-917.1) 96.7 (94.6-98.1)
60.9 (35.0-97.2) 46.8 (17.5-92.9)
83.7 (80.3-89.1) 97.3 (94.9-99.7)
21.1 (9.5-49.2) 54.6 (23.9-95.7)
96.9 (92.3-99.8) 96.2 (89.9-99.7)

*Given in Table 1.

son to an established gold standard. In the case of asthma,
neither questionnaire nor exercise challenge have proven
to be adequate gold standards in epidemiological studies.
We have used a Bayesian or non-frequentist approach to
compare diagnostic methods in the absence of a gold stan-
dard. The basic idea behind the Bayesian approach is to
eliminate constraints by first constructing a prior distribu-
tion over all unknown quantities (test characteristics and
disease prevalence) based on previous experience. The data,
through the likelihood function, are then combined with
the prior distribution to derive posterior distributions using
Bayes Theorem. This allows simultaneous inferences to be
made on all parameters. The posterior distributions contain
updated beliefs about the values of the model parameter,
after taking into account the information obtained from
experts or reported in the literature.

A further advantage of the Bayesian approach is that
normal distribution approximations are not required. Direct
calculations of the posterior distributions can be difficult.
The Gibbs Sampler (28, 33, 34), an iterative Markov-chain
Monte Carlo technique for approximating analytically in-
tractable posterior densities, was used. This method has been
used to estimate parameters in a wide variety of problems
in health research (35-37). The basic idea is as follows:
Knowing the exact values of the prevalence and all diagnos-
tic test parameters, it is possible to derive posterior distribu-
tions of the latent data (the information that is missing
when there is no gold standard, that is, the number of true
positive test results). Conversely, if the latent data (the
number of true positive test results) are known, then deriv-
ing posterior distributions of the prevalence and diagnostic
test parameters, given the prior distributions, requires only
a straightforward application of Bayes Theorem.

A study (38) that compared parental questionnaire re-
sponses to in-depth history-taking by experienced physi-

cians found this type of questionnaire to have a sensitivity of
68% and a specificity of 76%. Misclassification of asthmatic
children as normal mainly occurred in those with mild
symptoms. In a number of community-based studies of chil-
dren the test characteristics of exercise challenge have been
evaluated. Where exercise challenge has been compared to
the report of a physician’s diagnosis of asthma, the sensitivity
has ranged from 46% to 57%, while specificity ranged from
94% to 97% (18, 23, 39). Among a sample of 96 children
8 to 11 year of age, Haby and colleagues (40) found exercise
challenge similar to ours to have a sensitivity of 27% and
a specificity of 95%. More recently, in a study of 55 children
who reported wheeze in the previous 12 months and 54
control subjects, West and colleagues (18) found a sensitiv-
ity of 57% and specificity of 94%.

In our study, the sensitivity of exercise challenge test
was 51.3% (95% CI: 37.8-64.5), which is not very different
from that reported by others. On the other hand, the speci-
ficity of 82.6% (95% CI: 79.9-85.1) was much lower than
previously reported. This lower specificity, however, is in
keeping with the more recent realization that bronchial
hyperresponsiveness, in the absence of respiratory symp-
toms, is unlikely to have clinical relevance (41).

In our study, agreement between the diagnostic methods
was poor and exercise challenge, as a single measure of
asthma, had a very low predictive value, and when used in
addition to questionnaire information, the gain in predicting
asthma was also small. This supports the view of Ninan and
colleagues that exercise testing adds very little to a well
designed respiratory questionnaire (9). On the other hand,
our results are in disagreement with the view of Toelle and
his group (8) that a combination of both questionnaire and
airway responsiveness tests could be used to define asthma
epidemiologically. Similarly, the results of our study are
applicable to epidemiologic, but not clinical, situations.
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We used a 10% or greater fall in FEV, to define a positive
exercise challenge based upon the receiver operating charac-
teristics (ROC) analysis performed in a sub-sample of chil-
dren, which found this value to have maximal specificity
and sensitivity. This cutoff has been used by others (24-26).
While defining a positive response to exercise as 15% or
greater fall in FEV, may have increased specificity, this
would have left insufficient subjects with a positive response
to compare with questionnaire responses.

In conclusion, there was poor agreement between exer-
cise challenge and the questionnaire report of asthma. Exer-
cise challenge appeared less useful as compared to a ques-
tionnaire in terms of test characteristics, when the purpose
was to choose a single test for identifying asthma in commu-
nity-based studies. The combined use of the two tests did not
significantly improve the probability of identifying children
with asthma, supporting the view of Ninan and colleagues
that exercise adds very little to a well designed questionnaire.

Supported by the Respiratory Health Network of Centers of Excellence
and the Medical Research Council of Canada.
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