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Introduction

A 20-year-old white female nonsmoker presented to the
pulmonary function laboratory for a methacholine chal-
lenge test. The patient denied wheezing, dyspnea, cough,
or chest tightness. In fact, she competes in collegiate bas-
ketball and softball without respiratory complaints. She
stated that her primary care physician wanted to “screen
her for asthma,” because her father is asthmatic. Her med-
ical history was remarkable only for allergic rhinitis. She
denied recent or active chest infections. Table 1 shows her
baseline spirometry values. She had a substantial broncho-
spastic response to methacholine inhalation; the provoca-
tion concentration (PC20) that caused a 20% decline in
forced expiratory volume in the first second (FEV1) was
3.95 mg/mL.

Questions

Question 1: How should these data be interpreted?
Answer: Asymptomatic airway hyperresponsiveness
Question 2: Are patients with asymptomatic airway hy-

perresponsiveness just asthmatics with a poor perception
of bronchoconstriction?

Answer: No
Question 3: Is asymptomatic airway hyperresponsive-

ness associated with the development of symptomatic
asthma?

Answer: Yes
Question 4: Is the presence of atopy (in this case allergic

rhinitis) in patients with asymptomatic airway hyperre-
sponsiveness associated with the development of symp-
tomatic asthma?

Answer: Yes

Question 5: Once it is established that a patient has
asymptomatic airway hyperresponsiveness (often described
categorically as a “positive methacholine challenge test”),
does the PC20 affect the probability of asthma?

Answer: Yes

Discussion

Asymptomatic airway hyperresponsiveness is usually a
feature of epidemiologic studies1–3 rather than a conun-
drum of clinical practice, because asymptomatic patients
usually do not undergo bronchoprovocation studies. Brand
et al1 challenged 412 middle-age patients with inhaled
histamine and found that 80% of those with airway hy-
perresponsiveness were asymptomatic. Brand et al theo-
rized that patients with asymptomatic airway
hyperresponsiveness had episodes of airway obstruction
but were poor perceivers of changes in bronchial tone.
This theory was subsequently challenged by Salome et al,2

who found that, during histamine challenge, the same per-
centage of patients with asymptomatic airway hyperre-
sponsiveness develop symptoms as do asthmatics. In ad-
dition, there was no difference between those groups’
median Borg dyspnea scores during histamine challenge.
Another important finding of that study was that 68% of
the patients with asymptomatic airway hyperresponsive-
ness who experienced symptoms during histamine chal-
lenge reported that they had experienced these symptoms
previously. Obviously, this puts into question how many
patients with purported asymptomatic airway hyperrespon-
siveness are truly asymptomatic. Gibson et al4 conducted
methacholine challenge tests on 12 children with a diag-
nosis of asymptomatic airway hyperresponsiveness, and
found that all of them experienced symptoms during the
test, and 2 of them reported that they had felt these symp-
toms previously. Interestingly, the mean diurnal peak ex-
piratory flow variation was similar between symptomatic
asthmatic control subjects and the children with asymp-
tomatic airway hyperresponsiveness. Finally, Laprise and
Boulet5 found that normals and subjects with asymptom-
atic airway hyperresponsiveness actually had a better per-
ception of methacholine-induced bronchoconstriction than
did asthmatics.
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Another important question is whether some patients
with asymptomatic airway hyperresponsiveness have la-
tent asthma that has yet to clinically emerge. Some studies
have shown pathophysiologic similarities between asth-
matics and subjects with asymptomatic airway hyperre-
sponsiveness. Laprise et al6 found a similar pattern of
bronchial epithelial desquamation among asthmatics and
subjects with asymptomatic airway hyperresponsiveness.
Though to a lesser degree than the asthmatics, subjects
with asymptomatic airway hyperresponsiveness had patchy
subepithelial fibrosis and an increased number of T lym-
phocytes and eosinophils in bronchial biopsy specimens
than did normal subjects. Airway remodeling with subep-
ithelial fibrosis correlates well with asymptomatic airway
hyperresponsiveness in asthmatics.7 However, it is impor-
tant to point out that evidence of airway inflammation
does not always accompany asymptomatic airway hyper-
responsiveness.8,9 In addition to patterns of inflammation,
Japanese researchers found a �2 adrenergic receptor poly-
morphism that was common to asthmatics and subjects
with asymptomatic airway hyperresponsiveness.10

Though pathophysiologic similarities clearly exist, the
clinical question remains: are patients with asymptomatic
airway hyperresponsiveness at greater risk of developing
symptomatic asthma?

Several studies have shown a relationship between
asymptomatic airway hyperresponsiveness and the subse-
quent development of clinical asthma. Hopp et al11 exam-
ined the data from 13 subjects before and after the diag-
nosis of asthma, who were asymptomatic during their initial
examination as participants in an epidemiologic study.
Methacholine challenge test showed asymptomatic airway
hyperresponsiveness in 10 of the 13 subjects preceding the
development of clinical asthma. Laprise and Boulet5 stud-
ied 30 patients with asymptomatic airway hyperrespon-
siveness over 3 years and found that, as a group, their
PC20 fell significantly, compared to normal and asthmatic

controls. In addition, 14% of the asymptomatic subjects
developed symptomatic asthma over the 3-year study pe-
riod, all of whom were atopic. Laprise and colleagues
followed this investigation with a study to assess signs of
inflammation in patients with asymptomatic airway hyper-
responsiveness.6 In that study, 4 of 10 patients with asymp-
tomatic airway hyperresponsiveness developed asthma over
the 2-year study period. Patients who developed asthma
had a higher mean atopic index (5 on a scale of 0–6) than
those who did not develop asthma (mean atopic index 1.3,
p � 0.02).

Though allergic rhinitis can be a source of a false-pos-
itive methacholine challenge test,12 Braman et al13 found
that 19% of patients with allergic rhinitis and asymptom-
atic airway hyperresponsiveness went on to develop asthma.
The association between allergic rhinitis and asthma is
strong.

In a population study, Linneberg et al14 found that 100%
of subjects with pollen-triggered allergic asthma also had
pollen triggered allergic rhinitis. Similarly, all subjects with
allergic asthma and sensitivity to animals and mites also
had rhinitis exacerbated by these allergens.

In a 23-year follow-up study of freshman students at
Brown University, Greisner and colleagues15 found that
86% of asthmatic subjects also had allergic rhinitis. In
most subjects allergic rhinitis emerged either before or at
the same time as asthma. In addition, the link between
allergic rhinitis and airway smooth muscle is strengthened
by evidence that seasonal increase in rhinitis symptoms is
associated with lower PC20.16 Moreover, there is some
evidence that treatments aimed at allergic rhinitis may
reduce17,18 or even prevent19 the development of bronchial
reactivity and asthma.

Not all investigators have found an association between
atopy and the development of asthma in patients with
asymptomatic airway hyperresponsiveness. In a 2-year
study of Chinese children, Zhong et al20 found that 20% of
patients with asymptomatic airway hyperresponsiveness
developed asthma; however, there was no difference in the
atopic index between these patients and matched controls.
Moreover, not all studies have found an association be-
tween asymptomatic airway hyperresponsiveness and the
development of symptomatic asthma. In a study spanning
27 years, de Gooijer et al21 found no relation between
childhood asymptomatic airway hyperresponsiveness and
adult asthma; in fact, asymptomatic airway hyperrespon-
siveness actually decreased after the initial evaluation. Bou-
let22 has articulated a theory of how asymptomatic airway
hyperresponsiveness may develop and progress to symp-
tomatic asthma. Genetic predisposition, atopy, and bron-
chial insults (eg, infections, exposure to injurious sub-
stances) may trigger airway inflammation and remodeling
(eg, subepithelial fibrosis), leading to airway hyperrespon-
siveness that may initially be asymptomatic. If the inflam-

Table 1. Baseline Spirometry Results

Test Predicted Measured
Percent of
Predicted

FVC (L) 3.69 3.52 95
FEV1 (L) 3.22 3.21 100
FEV1/FVC (%) 87.7 91.1 104
FEFmax (L/s) 6.73 6.86 102
Ttot (s) NA 3.0* NA

*Patient had difficulty exhaling for more than 3 seconds, but a plateau was observed on the
volume/time tracing.
FVC � forced vital capacity
FEV1 � forced expiratory volume in the first second
FEV1/FVC � ratio of FEV1 to FVC
FEFmax � maximum forced expiratory flow
Ttot � total expiratory time
NA � not applicable
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matory state persists and becomes amplified, symptomatic
asthma may emerge (Fig. 1).

The interpretation of a methacholine challenge test and
its utility for determining whether the patient has asthma is
not as straightforward as we might think. The test result is
often categorized as “positive” or “negative,” based on a
single PC20 threshold (eg, � 8 mg/mL); however, when
Bayes’s theorem is applied to the methacholine challenge
test, we find that the post-test probability of asthma for a
given PC20 is dependent on the pre-test probability (a pri-
ori) of asthma.12 Though not intended to calculate proba-
bilities in patients, Figure 2 depicts how the pre-test prob-
ability of asthma and the PC20 affect the post-test
probability of asthma. For example, the patient in this case
has 2 significant risk factors for asthma: allergic rhinitis
and familial history of asthma. If we assign this patient a
30% pre-test probability of asthma, a PC20 of 8 mg/mL
would yield a post-test probability of about 30%, whereas
a PC20 of 4 mg/ mL would yield a post-test probability of
about 70%. This theory was found to apply in the work by
Zhong et al,20 which showed that the probability of pa-
tients with asymptomatic airway hyperresponsiveness de-
veloping asthma was greater if their PC20 was lower.

Asymptomatic airway hyperresponsiveness is common
in epidemiologic studies and may occasionally be encoun-
tered in clinical practice. Boulet22 theorized that it might
be possible to prevent asthma by identifying and treating
asymptomatic airway hyperresponsiveness in high-risk (eg,

atopic, familial asthma) asymptomatic patients. The pa-
tient described in this case was a healthy asymptomatic
collegiate athlete—hardly the type of subject that would
create much suspicion of underlying asthma. However,
she arrived at the pulmonary function laboratory with 2
risk factors (allergic rhinitis and family history of asthma)
and left with a third (airway hyperresponsiveness). It is
certainly conceivable that this patient had underlying bron-
chial inflammation that had yet to be expressed as symp-
tomatic asthma. Asymptomatic airway hyperresponsive-
ness appears to be a risk factor for the development of
asthma; however, screening patients with bronchoprovo-
cation studies to try to predict future asthma cannot be
recommended at this time, because the predictive values of
such testing is low.23,24

REFERENCES

1. Brand PL, Rijcken B, Schouten JP, Koeter GH, Weiss ST, Postma
DS. Perception of airway obstruction in a random population sample.
Relationship to airway hyperresponsiveness in the absence of respi-
ratory symptoms. Am Rev Respir Dis 1992;146(2):396–401.

2. Salome CM, Xuan W, Gray EJ, Belooussova E, Peat JK. Perception
of airway narrowing in a general population sample. Eur Respir J
1997;10(5):1052–1058.

3. Lewis SA, Weiss ST, Britton JR. Airway responsiveness and peak
flow variability in the diagnosis of asthma for epidemiological stud-
ies. Eur Respir J 2001;18(6):921–927.

4. Gibson PG, Mattoli S, Sears MR, Dolovich J, Hargreave FE. In-
creased peak flow variability in children with asymptomatic hyper-
responsiveness. Eur Respir J 1995;8(10):1731–1735.

Fig. 1. A theoretical pathway depicting how genetics, atopy, and
environmental exposures may trigger airway inflammation and re-
modeling, which may progress to asymptomatic airway hyperre-
sponsiveness and symptomatic asthma. (Adapted from Reference
22, with permission.)

Fig. 2. The relationship of post-test probability of asthma to pre-
test probability of asthma, with 4 different PC20 (provocation con-
centration that causes a 20% decline in forced expiratory volume
in the first second) values. These curves are only intended to il-
lustrate basic principles of interpretation and should not be used
to calculate probabilities with patients. (From Reference 12, with
permission.)

A POSITIVE METHACHOLINE CHALLENGE TEST IN THE ABSENCE OF SYMPTOMS

RESPIRATORY CARE • JUNE 2007 VOL 52 NO 6 761



5. Laprise C, Boulet LP. Asymptomatic airway hyperresponsiveness: a
three-year follow-up. Am J Respir Crit Care Med 1997;156(2 Pt
1):403–409.

6. Laprise C, Laviolette M, Boutet M, Boulet LP. Asymptomatic air-
way hyperresponsiveness: relationships with airway inflammation
and remodelling. Eur Respir J 1999;14(1):63–73.

7. Boulet LP, Laviolette M, Turcotte H, Cartier A, Dugas M, Malo JL,
Boutet M. Bronchial subepithelial fibrosis correlates with airway
responsiveness to methacholine. Chest 1997;112(1):45–52.

8. Power C, Sreenan S, Hurson B, Burke C, Poulter LW. Distribution
of immunocompetent cells in the bronchial wall of clinically healthy
subjects showing bronchial hyperresponsiveness. Thorax 1993;
48(11):1125–1129.

9. Pin I, Radford S, Kolendowicz R, Jennings B, Denburg JA, Har-
greave FE, Dolovich J. Airway inflammation in symptomatic and
asymptomatic children with methacholine hyperresponsiveness. Eur
Respir J 1993;6(9):1249–1256.

10. Fukui Y, Hizawa N, Takahashi D, Maeda Y, Jinushi E, Konno S,
Nishimura M. Association between nonspecific airway hyperrespon-
siveness and Arg16Gly �2-adrenergic receptor gene polymorphism
in asymptomatic healthy Japanese subjects. Chest 2006;130(2):449–
454.

11. Hopp RJ, Townley RG, Biven RE, Bewtra AK, Nair NM. The pres-
ence of airway reactivity before the development of asthma. Am Rev
Respir Dis 1990;141(1):2–8.

12. Crapo RO, Cassaburi R, Coates AL, Enright PL, Hankinson JL, Irvin
CG, et al. Guidelines for methacholine and exercise challenge test-
ing-1999. Am J Respir Crit Care Med 2000;161(1):309–329.

13. Braman SS, Barrows AA, DeCotiis BA, Settipane GA, Corrao WM.
Airway hyperresponsiveness in allergic rhinitis: a risk factor for
asthma. Chest 1987;91(5):671–674.

14. Linneberg A, Henrik Nielsen N, Frolund L, Madsen F, Dirksen A,
Jorgensen T. The link between allergic rhinitis and allergic asthma:
a prospective population-based study. The Copenhagen Allergy Study.
Allergy 2002;57(11):1048–1052.

15. Greisner WA 3rd, Settipane RJ, Settipane GA. Co-existence of asthma
and allergic rhinitis: a 23-year follow-up study of college students.
Allergy Asthma Proc 1998;19(4):185–188.

16. Madonini E, Briatico-Vangosa G, Pappacoda A, Maccagni G, Car-
dani A, Saporiti F. Seasonal increase of bronchial reactivity in al-
lergic rhinitis. J Allergy Clin Immunol 1987;79(2):358–363.

17. Watson WT, Becker AB, Simons FE. Treatment of allergic rhinitis
with intranasal corticosteroids in patients with mild asthma: effect on
lower airway responsiveness. J Allergy Clin Immunol 1993;91(1 Pt
1):97–101.

18. Aubier M, Neukirch C, Peiffer C, Melac M. Effect of cetirizine on
bronchial hyperresponsiveness in patients with seasonal allergic rhi-
nitis and asthma. Allergy 2001;56(1):35–42.

19. Moller C, Dreborg S, Ferdousi HA, Halken S, Host A, Jacobsen L,
et al. Pollen immunotherapy reduces the development of asthma in
children with seasonal rhinoconjuctivitis. (the PAT-study). J Allergy
Clin Immunol 2002;109(2):251–256.

20. Zhong NS, Chen RC, Yang MO, Wu ZY, Zheng JP, Li YF. Is
asymptomatic bronchial hyperresponsiveness an indication of poten-
tial asthma? A two-year follow-up of young students with bronchial
hyperresponsiveness. Chest 1992;102(4):1104–1109.

21. de Gooijer A, Brand PL, Gerritsen J, Koeter GH, Postma DS, Knol
K. Changes in respiratory symptoms and airway hyperresponsive-
ness after 27 years in a population-based sample of school children.
Eur Respir J 1993;6(6):848–854.

22. Boulet LP. Asymptomatic airway hyperresponsiveness: a curiosity
or an opportunity to prevent asthma? Am J Respir Crit Care Med
2003;167(3):371–378.

23. Rijcken B, Schouten JP, Weiss ST, Rosner B, De Vries K, Van der
Lende R. Long-term variability of bronchial responsiveness to his-
tamine in a random population sample of adults. Am Rev Respir Dis
1993;148(4 Pt 1):944–949.

24. Rasmussen F, Lambrechtsen J, Siersted HC, Hansen HS, Hansen NC.
Asymptomatic bronchial hyperresponsiveness to exercise in childhood
and the development of asthma related symptoms in young adulthood:
the Odense Schoolchild Study. Thorax 1999;54(7):587–589.

A POSITIVE METHACHOLINE CHALLENGE TEST IN THE ABSENCE OF SYMPTOMS

762 RESPIRATORY CARE • JUNE 2007 VOL 52 NO 6


