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ABSTRACT: The relevance of increased methacholine airway responsiveness
detected in children with no current or past symptoms of asthma is not known.  We
wished to determine whether the presence of airway hyperresponsiveness in asymp-
tomatic children is also associated with abnormal variability of peak expiratory flow
(PEF).

In 12 asymptomatic children with methacholine hyperresponsiveness, we exam-
ined the diurnal variation of peak expiratory flow (PEF) and response to inhaled
bronchodilator.  Twelve asthmatic children with a comparable range of metha-
choline hyperresponsiveness, and 12 normal children without methacholine respon-
siveness, were used as positive and negative controls.  The children were aged 11 (range
9–14) yrs.

The mean diurnal variation of PEF in those children with asymptomatic hyper-
responsiveness was increased at 9.3%, to a degree comparable to the sympto-
matic asthmatic children (10.7%), and greater than the normal children (5.7%).
Methacholine stimulated airway constriction was associated with symptoms in
subjects from each group, indicating that the children were capable of perceiving
airway constriction.

We conclude that asymptomatic children with methacholine airway hyperre-
sponsiveness have other evidence of mild variable airflow obstruction with increased
diurnal PEF variability, and can perceive airflow limitation.  The lack of symptoms
in the children with airway hyperresponsiveness could be due to an insufficient stimu-
lus to cause symptomatic obstruction, or the absence of eosinophilic airway inflam-
mation, which may be a requirement for the development of symptomatic airway
hyperresponsiveness.
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Recent epidemiological studies have demonstrated
that from 8–33% of children show an increase in airway
responsiveness in the absence of any history of dys-
pnoea, chest tightness, wheezing or recurrent dry cough
[1, 2].  The reasons for this disparity are unclear, but
include the possibilities that children with asymptomatic
hyperresponsiveness do not experience day-to-day vari-
able airflow obstruction, such as peak flow variability,
or that their perception of airflow obstruction differs
from symptomatic children.  The aims of this study were
to determine whether the lack of symptoms in children
with asymptomatic hyperresponsiveness was due to fail-
ure to recognize airflow obstruction, and to establish
whether asymptomatic airway hyperresponsiveness was
associated with increased peak expiratory flow (PEF)
variability.

Methods

Three groups, each of 12 children (29 females and 7
males in total), were recruited from children with asthma

or rhinitis attending the Firestone Regional Chest and
Allergy Clinic, (Hamilton, Ontario, Canada), children of
patients and staff of the clinic, and girls who had partic-
ipated in a previous environmental study (table 1).  The
children had a mean (SD) age of 11 (2) yrs (range 9–14
years).  One group denied any past symptoms of asth-
ma (including a recurrent cough) but had increased metha-
choline airway responsiveness (asymptomatic AHR) as
measured by a lowered PC20 (the concentration provok-
ing a 20% decrease in forced expiratory volume in one
second <16 mg·mL-1).  A second group had symptoms
of asthma and methacholine airway hyperresponsiveness
(symptomatic AHR) of a similar severity to the asymp-
tomatic group.  They required only intermittent inhaled
bronchodilator to control their symptoms.  The third group
denied past symptoms of asthma and had normal metha-
choline responsiveness of PC20 >16 mg·mL-1 (Normal).
None of the children had symptoms of upper airway in-
fection or exposure to seasonal allergens, to which they
were sensitized in the month preceding the study, other
respiratory diseases, or forced expiratory volume in one
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second as a fraction of capacity (FEV1/VC) <75%.  The
children and their parents gave written informed consent.
The study was approved by the Research Committee of
St Joseph's Hospital, Ontario, Canada.

The children came to the laboratory on three occasions
at the same time of day and rested for 15 min.  Broncho-
dilators had been withheld for at least 8 h.  At Visit 1, a
detailed questionnaire was administered by a physician,
to document any history of chest symptoms (including
dry cough) and rhinitis, and was that used in previous
epidemiological studies in children [2].  Skin tests were
performed by the modified skin-prick technique using 12
common allergen extracts.  Atopy was defined by at
least one 15 min wheal reaction >3 mm diameter.  A meth-
choline inhalation test was performed by the tidal breath-
ing method with methacholine administered in concentrations
up to 64 mg·mL-1.  During this challenge, the occurrence
of chest symptoms at different levels of airflow obstruc-
tion was recorded by direct questioning.  FEV1 and VC
were measured using a Collins 9 L water spirometer, and
results compared with predicted values for Canadian chil-
dren [3].

For the next 3 days, the subjects measured their peak
expiratory flow (PEF) (the best of three attempts) at home
on waking, and in the afternoon between 4.00 and 6.00
p.m. [4], using a mini-Wright peak flow meter.  The
afternoon measurements were repeated after inhalation
of salbutamol, 200 µg by metered-dose inhaler using a
valved holding chamber (Aerochamber, Trudell Medical,
Ontario, Canada).  Subjects were reviewed on the fifth day
(Visit 2) to ensure that measurements and recordings
were made correctly.  The subjects continued PEF record-
ings for a further 8 days; only the PEF values from the
last 8 days were used for analysis.  The variability of
PEF over the final 8 days was calculated as the mean
difference between the highest PEF value recorded after

salbutamol and the lowest PEF value recorded at either
of the two time-points each day, expressed as a per-
centage of the post-salbutamol value [4].  Subjects kept
a diary of chest symptoms and any treatment taken over
the entire period of PEF recording.  At the end of this
period (Visit 3), the methacholine inhalation test was
repeated to determine whether the level of airway respon-
siveness had changed or remained constant.

Airway responsiveness was expressed as the PC20 in
noncumulative units, and this was obtained using the least
squares linear regression analysis of the last two points
on the log concentration-response curve.  The reproduci-
bility of the PC20 was assessed by calculating the relia-
bility coefficient.  This represents the ratio of the variance
between subjects to the total variance and was calculated
using a one-way analysis of variance (ANOVA) [5].  Higher
values indicate higher reliability.

Data were compared across the groups using ANOVA
and Newman-Keuls' multiple range test.  Differences in
the results obtained in the asthmatic and asymptomatic
children were also analysed by the unpaired Student's t-
test.  The Chi-squared test was used to analyse frequency
data.  Significance was accepted at the 95% level.

Results

Diurnal variability of PEF in children with asympto-
matic AHR was similar to that in asthmatic children (fig.
1).  The mean diurnal variability of PEF, including the
effects of bronchodilator, was 9.3±2.8% in children with
asymptomatic AHR, 10.4±3.0% in symptomatic AHR
asthmatics and 5.7±1.8% in normal children (p<0.05).
The degree of diurnal variation in PEF correlated with
the degree of methacholine airway responsiveness in those
subjects in whom a PC20 was obtained (r=-0.56;  p<0.01)
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Table 1.  –  Subject characteristics

Normal Asymptomatic AHR Symptomatic AHR

Sub Age Atopy+ FEV1 FEV1/VC PC20 Age Atopy+ FEV1 FEV1/VC PC20 Age Atopy+ FEV1 FEV1/VC PC20

No. yrs % pred % mg·mL-1 yr % pred % mg·mL-1 yrs % pred % mg·mL-1

1 9 1 98 93 20.4 9 9 93 90 1.0 9 12 104 88 0.6
2 10 0 96 89 23.4 12 8 106 92 2.6 12 11 94 81 1.2
3 10 1 102 78 25.0 14 1 95 88 3.4 11 1 103 86 1.4
4 12 5 90 90 26.6 10 4 92 77 3.5 10 8 95 80 2.6
5 10 0 119 92 28.4 10 0 94 82 3.8 14 11 85 87 2.7
6 11 0 122 92 28.7 9 2 103 94 4.4 9 0 88 83 3.3
7 11 4 82 92 43.5 10 10 105 97 5.5 13 2 83 93 3.6
8 14 2 101 90 >64 12 3 78 86 5.9 11 12 119 89 4.5
9 11 2 95 95 >64 11 12 93 94 6.3 12 3 89 87 5.0

10 14 0 97 86 >64 10 2 107 96 7.0 11 0 93 80 6.7
11 9 0 90 91 >64 12 1 79 85 7.3 12 0 97 93 7.9
12 12 0 95 92 >64 11 0 88 90 13.8 12 0 103 84 8.0

Mean 11 99 90 38.9 11 94 89 4.5 11 96 86 3.1
SD 2 11 4 1.6 2 10 6 1.9 2 10 5 2.2

Sub: subject; +: number of positive skin-prick tests; AHR: airway hyperresponsive; FEV1: forced expiratory volume in one sec-
ond; FEV1/VC: FEV1 as fraction of vital capacity; PC20: provocative concentration of methacholine causing a 20% fall in FEV1;
% pred: percentage of predicted value. 



(fig. 2).  The proportion of children with diurnal vari-
ability of PEF beyond the reported upper 95% confi-
dence limit for normals [4] was 83% in the asymptomatic
AHR group.  This was similar to the proportion in the
symptomatic AHR group (83%) (p=1.0), and signifi-
cantly higher than in the normal group (16%) (p=0.004).

The baseline FEV1 during the study varied by less than
10% in each child. Airway responsiveness to methacho-
line, expressed as PC20, on Visits 1 and 3 (which were sep-
arated by 12 days) was highly reproducible in asthmatic,
asymptomatic and normal children with reliability coef-
ficients of 0.89, 0.96 and 0.85, respectively, indicating that
the individual degrees of responsiveness were stable dur-
ing the study.

During the 14 day observation period, no symptoms
were recorded on the diary cards of the normal and asymp-
tomatic children, whereas respiratory symptoms were
reported by 7 of the 12 asthmatic children.  Respiratory

symptoms developed during the methacholine inhalation
tests in 12 of the 12 asthmatic, 12 of the 12 asymptomatic
and 11 of the 12 normal children.  The symptoms reported
by the asthmatic children were invariably recognized
as having been felt previously, whereas the symptoms re-
ported by the normal children had not been experienced
previously.  Of the asymptomatic children, 10 reported the
symptoms as completely new, and two reported prior expe-
rience of the symptoms (chest tightness).

The prevalence of atopy was similar in the three groups:
10 of the 12 asymptomatic, 8 of the 12 asthmatic, and
6 of the 12 normal children (p>0.10).  Rhinitis was more
frequent in the children with airway hyperresponsive-
ness: (asymptomatic 8 of the 12, asthmatic 8 of the 12
versus normal children 2 of the 12) (Chi2=4.29; p<.05).

Discussion

This study demonstrates that children with airway
hyperresponsiveness to methacholine, but without cur-
rent or past symptoms suggesting asthma, show a degree
of variability of airflow limitation significantly greater
than normal children, and similar to that found in known
asthmatics.  In these children, diurnal PEF variability
correlated directly with the degree of methacholine air-
way hyperresponsiveness.  The results indicate that increa-
sed PEF variability alone is insufficient to generate
symptoms of asthma.

Similar results have been found in adults with aller-
gic rhinitis and no symptoms of asthma.  Airway hyper-
responsiveness was associated with an increased diurnal
variation in PEF [6, 7].  In the present study, rhinitis was
also associated with AHR.  It should be noted that we
examined diurnal variability of PEF, including the effects
of bronchodilator.  This would increase the numerical esti-
mate of variability.  Importantly, however, the same mea-
surement was made in each group and, despite a similar
degree of PEF variability to the symptomatic group, chil-
dren with asymptomatic methacholine airway hyperre-
sponsiveness recorded no symptoms during the period
of observation.  There may be several reasons for the lack
of respiratory symptoms (cough, wheeze, dyspnoea) in
these children with AHR.  The possibilities include: poor
recognition of variable airflow obstruction; failure to
recognize symptoms; and limited inflammatory cell infil-
tration into the airways.

We examined the ability of children to recognize air-
way constriction and found this to be similar in all three
groups.  This agrees with data from PIN et al. [8] who also
studied perception of dyspnoea in asymptomatic AHR.
In contrast, BRAND et al. [9] found that adults with asymp-
tomatic hyperresponsiveness were less likely to report
dyspnoea during a histamine inhalation test.  There are
several reasons for these different results.  Importantly, the
degree of induced airway constriction was less in the
study of BRAND et al. [9], since the test was stopped
when the FEV1 fell by 10% or a final concentration of
32 mg·mL-1 histamine was given.  The definition of a
symptom response was also restricted to dyspnoea alone.
We have found that the application of a sufficiently strong
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Fig. 1.  –  Mean diurnal variability of PEF, expressed as percent-
age of highest daily value record, in the individual subjects of the
three groups of children.  Bar line represents mean value for each
group.  Children with asymptomatic methacholine AHR (●) had peak
flow variability comparable to the symptomatic, asthmatic children
and greater than normal children (p<0.05).  PEF: peak expiratory
flow; AHR: airway hyperresponsiveness.
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Fig. 2.  –  Relationship between methacholine airway responsive-
ness expressed as PC20, and diurnal variability in peak expiratory flow
rates (PEF) as percentage of highest PEF in asymptomatic (●) symp-
tomatic (❍) and normal children in whom a PC20 was obtained ( ).
(r=-0.56; p<0.01). PC20: concentration of methacholine provoking a
20% decrease in forced expiratory volume in one second.
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stimulus caused a range of respiratory symptoms in chil-
dren with AHR, and that this occurred equally in those
with and without prior respiratory symptoms.  A further
difference is subject selection.  BRAND et al. [9] studied
a population sample, whereas our subjects were selected.
This may also limit the ability to generalize the observa-
tions.

We also examined the possibility that the children with
asymptomatic AHR had not recognized or recalled prior
symptoms of airway constriction.  Only two of the 12
asymptomatic children indicated that symptoms which
occurred during the methacholine test had occurred pre-
viously.  These two children were, therefore, misclassified
by the questionnaire.  Overall, the results indicate that
children with asymptomatic AHR are able to recognize
symptoms caused by airway constriction when this leads
to a clinically significant fall in FEV1 (>20%).  The lack
of day-to-day symptoms could occur if these children do
not develop sufficient airway constriction in response to
natural stimuli, such as exercise and cold air, to which
they are exposed.  This hypothesis is supported by obser-
vations that children with asymptomatic AHR are less
likely to develop airway constriction in response to iso-
capnic hyperventilation of cold dry air [8].

Airway inflammation is an integral part of sympto-
matic asthma.  Airway inflammation does not appear to
be present in asymptomatic AHR when assessed by in-
duced sputum [8], or bronchial biopsies [10].  Airway
inflammation can occur without AHR and be sufficient
to cause symptoms of chronic cough but not wheeze and
breathlessness [11].  The results of this study indicate that
mild variable airflow obstruction alone may not be suf-
ficient to cause wheeze and breathlessness on a day-to-
day basis either.  A combination of airway inflammation
and airway hyperresponsiveness may, therefore, be
required to lead to symptoms of episodic wheeze
and breathlessness.  The effects of coexisting airway
inflammation may be to change the intensity or quality
of the symptoms or to increase the susceptibility to indi-
rect stimuli, such as exercise or inhalation of cold air.

The prognosis for children with asymptomatic AHR
is variable.  In those instances where symptoms occur but
are not recognized or recalled (questionnaire misclassi-
fication), it would be expected that symptoms could sub-
sequently be recognized and that these children would
develop symptomatic hyperresponsiveness.  This has been
documented to occur in about 20% of subjects with AHR
defined by methacholine [12], or exercise challenge [13].
The majority however remain asymptomatic, and their
AHR either resolves or persists [12–14].  These obser-
vations suggest that asymptomatic AHR is a "benign"
condition that, in general, is not associated with airway
inflammation or the subsequent development of clinical
asthma.  This raises questions as to the mechanism(s) of
asymptomatic AHR in childhood. 

Wheezing is a very common symptom in early child-
hood [15].  It can occur independent of allergy when it
is associated with small airway size, frequent viral res-
piratory tract infections, and other risk factors.  Wheeze
frequently resolves after early childhood; however, the
residual effects of these conditions could explain the

persistence of asymptomatic AHR into later childhood.
If this is the case, then detailed study of children with
asymptomatic AHR could identify factors which protect
against the development or persistence of wheezing in
later childhood years.  One possible factor includes an
immune response that suppresses T-cell reactivity and
which may be characterized by a specific macrophage
phenotype [10, 16], or B-cell response [17].

In conclusion, this study demonstrates that although
children with asymptomatic AHR do not have day-to-day
symptoms of asthma, they are capable of recognizing
symptoms of airway constriction and have increased PEF
variability.  The development of day-to-day symptoms
of asthma requires factors in addition to variable airflow
limitation.  These factors may include exposure to a suf-
ficiently strong stimulus and the presence of eosinophilic
airway mucosal inflammation.
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