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BACKGROUND: The interpretation of methacholine test results do not
usually consider the symptoms for which the subject was referred and those
that occur during the test.

OBJECTIVE: To assess the association between methacholine test results
and symptoms, and to examine variables that may affect this association.
METHODS: A total of 400 prospectively chosen subjects who under-
went methacholine testing for possible asthma were investigated. The
subjects answered a short questionnaire regarding the symptoms for which
they had been referred and those that were encountered during the
methacholine test.

RESULTS: The positive predictive value for the reproduction of symp-
toms during the test compared with symptoms for which subjects had been
referred were 84% for dyspnea, 87% for cough, 81% for wheezing and 72%
for chest tightness. The positive predictive value among the values
obtained by measuring the provocative concentration of methacholine
causing a 20% fall (PC,;) in forced expiratory volume in 1 s on the one
hand, and specific symptoms on the other, varied by up to approximately
50%; negative predictive values were higher. Forty-eight per cent of subjects
with a PC, of 16 mg/mL or lower reported that the test had globally repro-
duced their symptoms. This association was significantly stronger in
women, young subjects and those taking inhaled steroids.
CONCLUSIONS: The methacholine test generally reproduced the symp-
toms for which the subjects were referred. The absence of a specific symp-
tom (eg, dyspnea, cough, wheezing or chest tightness), either in daily life
or at the time of methacholine testing, was more generally associated with
a negative test than the reverse. The global impression that the test had
reproduced what the patient had experienced in daily life was significantly
associated with a positive test (ie, a PC,, of 16 mg/mL or lower), with the
association being stronger in young subjects and women.
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Le test a la méthacholine reproduit-il les
symptdomes?

HISTORIQUE : En général, 'interprétation des résultats du test a la
méthacholine ne tient pas compte des symptdmes pour lesquels le sujet a
été aiguillé et ceux qui se produisent pendant le test.

OBJECTIF : Evaluer l'association entre les résultats du test & la méthacho-
line et les symptdmes et examiner les variables susceptibles d’influer sur
cette association.

METHODOLOGIE : Au total, 400 sujets sélectionnés de maniére prospec-
tive qui ont subi un test a la méthacholine en raison d’un asthme possible
ont fait 'objet d’une évaluation. Les sujets ont répondu a un court ques-
tionnaire au sujet des symptdmes pour lesquels ils ont été aiguillés et de
ceux qui ont été observés pendant le test a la méthacholine.
RESULTATS : La valeur prédictive positive de la reproduction des
symptdmes pendant le test par rapport aux symptdmes pour lesquels les
sujets avaient été aiguillés était la dyspnée dans 84 % des cas, la toux dans
87 % des cas, la respiration sifflante dans 81 % des cas et 'oppression dans
72 % des cas. La valeur prédictive positive parmi les valeurs obtenues en
mesurant la concentration provocatrice de méthacholine entrainant une
chute de 20 % (CP,) du volume expiratoire maximal par seconde d’une
part, et des symptomes spécifiques d’autre part, variait jusqu’a environ 50 %.
Les valeurs prédictives négatives étaient plus élevées. Quarante-huit pour
cent des sujets ayant une CP,, de 16 mg/mL ou moins déclaraient que le
test reproduisait globalement leurs symptdmes. Cette association était
considérablement plus solide chez les femmes, les jeunes sujets et les per-
sonnes qui prenaient des stéroides en aérosol.

CONCLUSIONS : En général, le test a la méthacholine reproduisait les
symptdmes pour lesquels le sujet était aiguillé. L'absence de symptomes
spécifique (p. ex., dyspnée, toux, respiration sifflante ou oppression), dans
la vie quotidienne ou au moment du test a la méthacholine, s’associait plus
généralement a un test négatif que l'inverse. Limpression globale selon
laquelle le test reproduisait ce que le patient expérimentait dans sa vie
quotidienne s’associait de maniére significative a un test positif (c’est-a-
dire une CP,, de 16 mg/mL ou moins), P'association étant plus marquée
chez les jeunes sujets et chez les femmes.

Asthma is characterized by the presence of respiratory
symptoms, of which wheezing is the most specific.
However, these symptoms can also be present in other upper
and lower respiratory diseases. Therefore, it is recommended
that the diagnosis of asthma be supported by objective func-
tional or inflammatory evidence (1). The optimal epidemio-
logical definition of asthma is a combination of respiratory
symptoms and documented bronchial hyper-responsiveness
(2). If the airway calibre is normal, it generally precludes the
documentation of significant improvement after administer-
ing an inhaled bronchodilator, which justifies testing for
nonspecific bronchial responsiveness. Methacholine testing is
currently widely used in this regard because it is highly stan-
dardized (3,4) and safe (5). There are discrepancies between
the clinical impression that a patient may suffer from asthma
and the results of methacholine testing (6). Generally, results
of methacholine testing are interpreted without information

specific to the precise symptomatology that the patient is
referred for, or information regarding symptoms at the time of
testing. Some (7) have suggested that the inclusion of this
information may be valuable in interpreting methacholine
test results.

We prospectively assessed 400 subjects who had been
referred to a lung function laboratory at a tertiary care hospital
to assess the following: the correspondence between symptoms
that subjects were referred for and those encountered at the
time of testing; correspondence between symptoms and results
of the methacholine test; and anthropometric, clinical and
functional factors that may affect the correspondence of symp-
toms and methacholine results. We hypothesized that asthma
symptoms were more likely to be reproduced in subjects with a
positive methacholine test, and that taking antiasthmatic medi-
cation at the time of testing was significantly associated with a
positive methacholine test.
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METHODS

Subjects

Between June 2008 and February 2009, all adult subjects who were
referred to the Department of Chest Medicine, Sacré-Coeur
Hospital (Montreal, Quebec) for methacholine testing were
asked to complete a questionnaire regarding respiratory symp-
toms for which they had been referred for testing and the
symptoms they encountered during the test. In addition,
information regarding whether symptoms had occurred in
the two weeks preceding testing was obtained. Finally, subjects
were asked to answer the following question: ‘Do you think that
the symptoms you experienced during the test are similar to those
for which you saw a doctor and the test was performed? Possible
answers were the following: ‘exactly the same’, ‘very similar’, ‘simi-
lar’, ‘not very similar’ and ‘not similar’. The present investigation
followed the example of a study by Stenton et al (7), who asked
about the reproducibility of symptoms occurring during the
methacholine test compared with those experienced during test-
ing by asking the following simple question: ‘Have you ever felt
like this before? The protocol was accepted by the Ethics
Review Board of Sacré-Coeur Hospital. A consent form was not
required from the participants because the symptom question-
naire was already included in the clinical protocol of the meth-
acholine test. The analysis was, therefore, retrospective, although
subjects were included prospectively.

Spirometry was assessed according to practice standards (8).
Patients taking a short-acting inhaled bronchodilator had their
medication stopped 12 h before testing, while patients who
were taking long-acting inhaled bronchodilators had their
medication stopped 36 h before testing, according to recom-
mendations (4). Methacholine testing was performed using a
Wright’s nebulizer (output 0.14 mL/min) according to a stan-
dardized procedure (9), using concentrations of up to 32 mg/mL
depending on the response. The provocative concentration of
methacholine causing a 20% fall (PC,,) in forced expiratory
volume in 1 s (FEV,) was intrapolated from dose-response
curves drawn on a semilogarithmic scale and, in the case of a
PC,, of 32 mg/mL or higher, the maximum fall in FEV, was
recorded. A positive methacholine test was defined as a PC, of
16 mg/mL or lower (10). Reference values for spirometry were
adapted from those of Knudson et al (11).

The following patient information was available: anthropo-
metric data regarding age, height and weight; functional data
regarding FEV,, FEV [forced vital capacity (FVC) in per cent
predicted; and PC, in mg/mL. Logarithmic transformation of
PC,, was used in the analysis.

Statistical analysis

The correspondence between symptoms for which subjects had
been referred and those that were experienced during testing,
and symptoms and results of the PC, test were examined using
2x2 tables, positive and negative predictive values and the 2
test. Subjects were categorized as those in whom the test had
globally reproduced their symptoms (answering ‘the same,’
‘very similar’ and ‘similar’ to a general question [see above])
and others. The anthropometric, clinical and functional vari-
ables were compared in the two groups using the y? test or the
Student’s unpaired t test. The generalized linear model analysis
was applied to the multivariate analysis using variables that
were significant at P<0.1 in the univariate analysis. SPSS ver-
sion 16 (SPSS Inc, USA) was used for statistical testing.
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TABLE 1
Subject characteristics (n=400)

50.4+15.1
168 (42)/232 (58)

Age, years (mean + SD)

Sex, male/female, n (%)

Medication
None 188 (47.0)
Short-acting bronchodilator on demand only 65 (16.2)
Inhaled corticosteroids regularly 151 (37.8)
Baseline FEV,, % predicted (mean + SD) 97.2+15.8
Subjects with values <80% of predicted 53 (13.2)
Baseline FEV,/FVC, % (mean + SD) 79.0£7.7
Subjects with values <70% 49 (12.3)
Symptoms present in the previous two weeks 261 (65.2)
PC,q, mg/mL
<0.25 5(1.2)
0.25to <2 42 (10.5)
2to <8 64 (16.0)
810 16 64 (16.0)
>16 225 (56.2)

Data presented as n (%) unless indicated otherwise. FEV, Forced expiratory
volume in 1 s; FVC Forced vital capacity; PC,, Provocative concentration of
methacholine causing a 20% fall in FEV,

RESULTS

A total of 400 subjects underwent methacholine testing during
the study period and all completed the questionnaire. Their
characteristics are presented in Table 1. There were more
women, approximately one-half of whom were not taking any
respiratory medication at the time of testing, with approxi-
mately one-third being on inhaled steroids. The majority of
subjects had experienced symptoms in the two weeks preceding
testing. PC,, values of 16 mg/mL or lower were obtained in
44% of the subjects.

Not shown in Table 1, taking inhaled steroids was associ-
ated with a positive methacholine test, with 82 of 151 subjects
(54%) on inhaled steroids recording a PC,, of 16 mg/mL or
lower (P=0.001). Table 2 shows the percentage of subjects who
demonstrated significant hyper-responsiveness according to
the presenting symptoms and symptoms at the time of testing.
These percentages neared 50% and rose as a function of the
number of symptoms.

The associations between symptoms for which subjects were
referred and those that occurred during the tests are presented
in Table 3. Dyspnea and coughing were the most common
symptoms and are those for which the positive predictive val-
ues (PPVs) were the highest. Testing was more likely to repro-
duce symptoms of daily life (higher PPV and lower negative
predictive value [NPV]) than the reverse.

The associations between symptoms for which the sub-
ject had been referred and the results of the methacholine
test are shown in Table 4. The PPV for which symptoms of
dyspnea and wheezing would be associated with a positive
PC,, (ie, 16 mg/mL or lower) was approximately 50%, but the
NPV — that is, the likelihood that the same symptoms would not
be reproduced in the presence of a PC, ) test result of greater than
16 mg/mL — was higher. The same conclusions can be reached by
examining Table 5, which includes symptoms encountered dur-
ing the test. The PPV of having a PC,; of 16 mg/mL in the pres-
ence of four respiratory symptoms justifying referral was 60.8%,

225



Lévesque et al

TABLE 2
Symptoms and results of methacholine testing

Symptoms for which subjects were referred (PC,,<16 mg/mL)

Dyspnea (n=267) 125 (46.8)
Cough (n=307) 128 (41.7)
Wheezing (n=199) 99 (49.7)
Tightness in the chest (n=185) 90 (48.6)
One symptom (n=79) 25 (31.6)
Two symptoms (n=105) 37 (35.2)
Three symptoms (n=132) 58 (43.9)
Four symptoms (n=68) 42 (61.8)
Symptoms experienced during methacholine testing

Dyspnea (n=227) 111 (48.9)
Cough (n=232) 107 (46.1)
Wheezing (n=121) 61 (50.4)
Tightness in the chest (n=185) 90 (48.9)
One symptom (n=94) 34 (36.1)
Two symptoms (n=113) 51 (45.1)
Three symptoms (n=96) 51 (53.1)
Four symptoms (n=39) 20 (51.3)

Data presented as n (%). PC,, Provocative concentration of methacholine
causing a 20% fall in forced expiratory volume in 1 s

TABLE 3
Association between symptoms for which subjects were

referred and those that were experienced during
methacholine testing

Predictive value, % (95% CI)

Symptom Positive Negative P

Dyspnea (n=191) 84.1 56.1 <0.001
(78.8-88.3) (48.6-63.3)

Cough (n=201) 86.6 36.9 <0.001
(81.7-90.4) (30.3-44.4)

Wheezing (n=98) 81.0 63.8 <0.001
(73.1-87.0) (58.0-69.2)

Chest tightness (n=133) 71.9 75.8 <0.001
(65.0-77.9) (69.7-81.1)

The number of subjects for each symptom represents those subjects who
reported the specific symptom both before being referred and at the time of
methacholine testing

while the NPV was 62.1%. In the case of the presence of three
symptoms, the PPV was 54.8% and the NPV 61.9%. Limiting
the analysis to the group of subjects who had experienced
symptoms during the two weeks that preceded testing did not
change the overall pattern of results.

Table 6 shows some characteristics of subjects who reported
that the test had reproduced their symptoms (n=240) com-
pared with those for whom this was not the case (n=160).
There were marginally more women and younger subjects in
those with positive correspondence and significantly more sub-
jects taking inhaled steroids. Also, baseline spirometry tended
to be lower whereas the association level of PC,, was equiva-
lent. In the multivariate analysis, sex (women greater than
men, OR 149; 95% CI 0.98 to 2.25; P=0.06) and age (OR 0.99;
95% CI 0.97 to 1.0; P=0.06) remained marginally significant.
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TABLE 4
Association between symptoms for which subjects were

referred and the result of methacholine testing
Predictive value, %

Symptom Positive  Negative P
Dyspnea (n=267)
PC,,<2 mg/mL 14.6 94.0 0.01
PC,,<8 mg/mL 33.0 82.7 0.001
PC,;<16 mg/mL 49.4 67.7 0.001
Cough (n=307)
PC,,<2 mg/mL 12.4 90.3 0.48
PC,,<8 mg/mL 28.3 74.2 0.63
PC,,<16 mg/mL 433 54.8 0.75
Wheezing (n=199)
PC,,<2 mg/mL 18.1 94.5 <0.001
PC,,<8 mg/mL 35.7 80.1 <0.001
PC,,<16 mg/mL 52.3 64.7 0.001
Chest tightness (n=185)
PC,,<2 mg/mL 15.7 91.6 0.02
PC,,<8 mg/mL 34.6 78.1 0.005
PC,,<16 mg/mL 50.3 61.9 0.02

PC,, Provocative concentration of methacholine causing a 20% fall in forced
expiratory volume in 1 s

TABLE 5
Association between symptoms experienced during

methacholine testing and the result of methacholine testing
Predictive value, %

Symptom Positive Negative P
Dyspnea (n=227)
PC,,<2 mg/mL 13.2 90.2 0.30
PC,,<8 mg/mL 32.2 78.0 0.02
PC,,<16 mg/mL 50.7 65.3 0.001
Cough (n=232)
PC,,<2 mg/mL 11.2 87.5 0.69
PC,,<8 mg/mL 27.6 72.0 0.93
PC,,<16 mg/mL 47.4 61.3 0.08
Wheezing (n=121)
PC,,<2 mg/mL 14.9 89.6 0.20
PC,,<8 mg/mL 32.2 74.2 0.19
PC,,<16 mg/mL 52.9 60.2 0.02
Chest tightness (n=185)
PC,,<2 mg/mL 15.1 91.2 0.05
PC,,<8 mg/mL 314 75.3 0.14
PC,,<16 mg/mL 51.4 62.8 0.004

PC,, Provocative concentration of methacholine causing a 20% fall in forced
expiratory volume in1s

DISCUSSION
In subjects referred for methacholine testing, our study dem-
onstrated the following: there was a good correspondence
between symptoms justifying referral and those experienced
during the test, with high PPVs (more than 80% for dyspnea,
cough and wheezing) regardless of the result of methacholine
testing (Table 3); the absence of a specific symptom (eg, dysp-
nea, cough, wheezing or chest tightness) either in daily life or
at the time of methacholine testing was more generally associ-
ated with a negative metacholine test than the reverse (higher
NPVs shown in Tables 4 and 5); the correspondence with
the global impression expressed by subjects that the test had
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reproduced or had not reproduced daily life symptoms was sig-
nificantly associated with the PC, test result, the correspond-
ence being slightly higher (47.9% versus 37.5%) in subjects
with a PC, value of 16 mg/mL or lower (Table 6).

The PPV of a PC,; of 16 mg/mL or lower to be associated
with a specific respiratory symptom, either in daily life or at the
time of testing, was close to 50%. In other studies, significant
positive associations have previously been shown, but these were
generally relatively modest, varying from 35% in the study by
Pratter et al (12), to 28% to 67% in the study by Dales et al (13),
and were dependent on the threshold of responsiveness that was
selected. In a recent study by Yurdakul et al (14), the PPV was
70% for wheezing and 67% for coughing. However, that study
included frank asthmatic subjects (which was not the case
in our study because subjects were referred for confirmation)
and who the authors referred to as ‘pseudoasthmatic’ sub-
jects. The PPV was higher if the threshold of responsiveness
was higher — from 2 mg/mL to 16 mg/mL, as assessed in our
study. The NPVs were higher in our study, which suggests that
the absence of specific symptoms was more generally associated
with negative methacholine test results than the reverse. The
incapacity of methacholine testing to reproduce symptoms of
daily life may be linked to different factors. The perception
of breathlessness seems to be lower in subjects without airway
obstruction (which was the case in the majority of our subjects)
and does not seem to be related to bronchial hyper-respon-
siveness (15). It may also be linked to the indirect nature
of this particular pharmacological stimulus. It is known that
histamine induces more coughing than methacholine. Using
exercise as a stimulus may be a better reflection of dyspnea,
while inhaling cold air would cause more coughing. Therefore,
the nature of the stimulus is also a significant factor that should
be considered when interpreting the correspondence between
symptoms and the results of nonspecific bronchial responsive-
ness testing.

We included a general question on the subject’s general per-
ception of symptoms experienced during the methacholine test.
For this, we followed the example of the study by Stenton et al (7),
who showed that a positive answer to such a global question
was significantly associated with the result of methacholine
testing, whereas answers to detailed questions (wheezing, chest
tightness, coughing and breathlessness) did not justify this
approach. Our results confirm these findings. As mentioned
above, a positive answer to this global question on the reprodu-
cibility of symptoms was slightly more often found in subjects
with a PC, of 16 mg/mL or lower (47.9%), while those with a
negative answer had a PC, of 16 mg/mL or lower slightly but
significantly less often (37.5%). We examined factors that were
associated with a correspondence between the perception of
symptoms and a positive methacholine test. In the univariate
analysis, several factors were identified — a positive correspond-
ence was more likely to occur in women, in younger subjects
and in subjects taking inhaled steroids. Devereux et al (16)
showed that the perception of bronchoconstriction is better in
young subjects and in women, as well as in subjects who report
more than one respiratory symptom. Taking inhaled steroids
may have had conflicting effects. On the one hand, phys-
icians who referred patients for testing may have considered
subjects who were prescribed inhaled steroids as probably
experiencing more intractable typical symptoms of asthma
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TABLE 6
Comparison of characteristics between groups with and

without clinical and functional correspondence

Correspondence
Positive Negative
Characteristic (n=240) (n=160) P
Sex, male/female (%) 38/62 47.5/52.5 0.07
Age, years 49.3+14.7 52.0+15.5 0.07
Taking short-acting 42.5 55.0 0.01
bronchodilator on demand only, %

Taking inhaled corticosteroids, % 43.3 29.4 0.005
Baseline FEV,, % predicted 96.2+15.4 98.7+16.3 0.12

Level of PC,,, mg/mL (%)

<2 14.2 8.1 0.07
<8 30.8 23.1 0.09
<16 47.9 37.5 0.04

Data presented as mean = SD unless otherwise indicated. A positive corre-
spondence is defined by answering ‘exactly the same’, ‘very similar’ or ‘similar’
to the question, ‘Do you think that the symptoms that you experienced during
the test are similar to those for which you saw a doctor and the test was per-
formed?’ A negative correspondence is defined by answering ‘not very similar’
or ‘not similar’ to the same question. FEV, Forced expiratory volume in 1 s;
PC,, Provocative concentration of methacholine causing a 20% fall in FEV,

(eg, predominant wheezing). On the other hand, inhaled ster-
oids may have ‘blunted’ bronchial responsiveness by attenuat-
ing airway inflammation, which may have led to a diminished
perception of symptoms.

The results of our study have clinical and therapeutic impli-
cations. First, the interpretation of the methacholine test
should include information on the symptoms encountered dur-
ing testing. In this regard, a methacholine test is more likely to
be negative if the PC, is 16 mg/mL or higher, and no specific
symptom was reproduced during the test. Similarly, our finding
that the global impression expressed by the patient that the
test had reproduced symptoms of daily life was more often
present in subjects with a PC,, of 16 mg/mL or lower suggests
that treatment — in particular inhaled steroids — may be more
efficacious in those subjects. For this, a prospective placebo-
active trial may be relevant.
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