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Summary

Background Bronchial hyperresponsiveness (BHR) is a characteristic feature of asthma, and is
usually measured by bronchial challenges using direct or indirect stimuli. The relationship
between atopy and BHR remains to be clarified, particularly in a population selected for
asthma. Furthermore, data for young children are limited, although asthma frequently occurs
in early childhood.
Objective The aim of this study was to investigate methacholine (direct stimulus) and
adenosine 50-monophosphate (AMP) (indirect stimulus) responsiveness according to the
presence and degree of atopy in young children with asthma.
Methods A retrospective analysis of data from 122 preschool children (median age [range]:
5.3 years [4.0–6.8]) presenting with the diagnosis of asthma was performed. These children
were characterized by skin-prick tests (SPTs) and bronchial challenges with methacholine and
AMP, using a modified auscultation method. The end-point concentration, resulting in
audible wheezing and/or oxygen desaturation, was determined for each challenge. Atopy was
defined by at least one positive reaction to SPTs, and its degree was assessed using serum total
IgE levels, number of positive SPTs, and atopic scores (sum of graded weal size).
Results Atopic patients (n = 97) had a significantly lower AMP end-point concentration than
non-atopic patients (n = 25), whereas the methacholine end-point concentration was not
different between the two groups. Among the atopic patients, there was no association
between the methacholine end-point concentration and any of the atopy parameters. By
contrast, a significant association was found between the AMP end-point concentration and
the degree of atopy reflected in serum total IgE and atopic scores (w2 test for trend, P = 0.001,
0.003, respectively).
Conclusion and Clinical Relevance Young children with atopic asthma had a significantly
greater AMP responsiveness than those with non-atopic asthma, whereas methacholine
responsiveness was not significantly different between the two groups. The degree of atopy
appeared to be an important factor in AMP responsiveness, but not in methacholine
responsiveness, and thus might be a marker of airway inflammation in asthma.
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Introduction

Bronchial hyperresponsiveness (BHR), defined as an
exaggerated bronchoconstrictive response of the airways
to a variety of stimuli, is considered to be the hallmark of
asthma [1]. BHR is most commonly evaluated using
methacholine or histamine, which acts directly at the level

of bronchial smooth muscle. However, BHR can also be
assessed using indirect stimuli, such as adenosine
50-monophosphate (AMP), which causes bronchoconstric-
tion by stimulating or enhancing the release of mediators
from mast cells [2]. There is an increasing interest in the
role of AMP as a bronchoconstrictor stimulus, because it
has been suggested that BHR to AMP is a better marker of
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airway inflammation, particularly allergic inflammation,
compared with direct stimuli such as methacholine [3].

Many studies have shown an association between atopy
and BHR. Methacholine challenge is suggested to be more
useful to identify clinically diagnosed asthma in atopic
rather than non-atopic subjects [4]. In epidemiologic
studies, atopy has constituted a risk for BHR to methacho-
line in children and adults [5, 6]. However, this relation-
ship remains controversial in a population selected for
asthma [7–9]. Further, it is not clear whether BHR to AMP
is associated with atopy in patients with asthma. Some
studies have suggested that atopy is critically important to
the bronchial response to AMP [7, 10], whereas others
found no difference in bronchial reactivity to AMP, based
on the presence of atopy [9].

Most studies assessing the association between atopy
and BHR considered atopy as a simple dichotomous vari-
able, assigning individuals as either ‘atopic’ or ‘non-atopic’.
However, the quantification of atopic sensitization among
atopic subjects may yield additional information on the
relationship between atopy and BHR, as the demonstration
of this relationship by using quantitative measures of atopy
would clarify the concept that atopic sensitization has an
impact on BHR.

The first attack of asthma frequently occurs within the
first few years of life [11]; 80% of children develop
symptoms before the age of 5 years [12]. A few studies
have examined the relationship between the degree of
atopy and BHR profiles for methacholine and AMP in
patients with asthma [9, 13, 14]. However, data in young
children are limited, although asthma frequently occurs in
early childhood. The purpose of the present study was
to investigate methacholine and AMP responsiveness
according to the presence and degree of atopy in pre-
schoolchildren with asthma.

Methods

This study was a retrospective analysis of the database of
asthmatic children who had been challenged with metha-
choline and AMP for inclusion in clinical studies at our
centre [15–17].

All subjects had the typical clinical picture of recurrent
episodes of asthma symptoms (cough, wheezing, and
dyspnoea) responsive to b2-agonists and symptom-free
intervals. The symptom pattern was variable, including
children with atopic or viral episodic symptoms; no
attempt was made to delineate these phenotypes precisely.
They needed intermittent use of b2-agonists with or with-
out continuous use of low-dose inhaled corticosteroids,
500 mg budesonide per day via nebulizer, to control their
symptoms. To be eligible for the study, the patients were
required to have more than four episodes of wheezing
during the previous year, with at least one confirmed by a
physician, and to meet the criteria for a positive asthma

predictive index [18]. These included either one major risk
factor (a parental history of asthma or a personal history
of atopic dermatitis) or two of three minor risk factors
(allergic rhinitis, eosinophilia, and wheezing without
colds). Clinical examination and chest radiographs were
performed to exclude other rare causes of wheezing or
clinically significant medical disorders apart from wheez-
ing or allergy. Patients with a history of near-fatal asthma
or major exacerbations necessitating the use of systemic
corticosteroids were excluded.

Skin-prick testing (SPT) was performed using 12 com-
mon aeroallergens: house dust mites (HDM) (Dermatopha-
goides pteronyssinus, Dermatophagoides farinae), animal
danders (cat epithelia, dog epithelia), pollens (mugwort,
rye grass, ragweed, alder, oak), muolds (Aspergillus fumi-
gatus, Alternaria alternata), and cockroach (Blatella ger-
manica). Histamine and isotonic saline were used as
positive and negative controls, respectively. Positive SPTs
were defined by a mean weal diameter X3 mm larger than
the negative control at 15 min after administration and
atopy by the presence of at least one positive SPT. In
addition to the number of positive SPTs, the weal size of
positive SPT was also assessed. Weal diameters were
graded so that a weal of 3.0–5.4 mm scored 1,
5.5–8.4 mm scored 2, 8.5–11.4 mm scored 3, and
X11.5 mm scored 4; the scores were summed to give an
atopic score for each subject.

Blood samples were collected from all subjects for
measurement of total eosinophil counts and total IgE
levels. The number of eosinophils was counted using an
automated haematology analyzer (Coulter Counter STKS;
Beckman Coulter, Fullerton, CA, USA) in a sample of
blood containing ethylenediaminetetraacetic acid (EDTA).
Serum total IgE levels were determined using the Coat-
A-Count Total IgE IRMA (Diagnostic Products, Los An-
geles, CA, USA).

Methacholine and AMP challenge tests were carried out
using a modification of the method described by Springer
et al. [19]. The two challenges were performed at the same
time of day with an interval of 3–14 (median: 6) days.
Their sequence was randomized to preclude any bias
related to potential carry over effects. All subjects were
asked to stop using antihistamines, inhaled bronchodila-
tors, and other medications for 48 h and inhaled cortico-
steroids for 7 days before the tests. None of the subjects
exhibited any symptoms of an upper respiratory infection
during the month preceding the tests. Fresh solutions of
methacholine (0.03–8 mg/mL) and AMP (0.39–200 mg/
mL) were made up in a phosphate-buffered solution. All
children were required to have normal chest auscultation
and an arterial oxygen saturation of X98% at baseline.
Chest and tracheal auscultation was performed using a
regular paediatric stethoscope by two paediatricians, and
oxygen saturation was measured by pulse oximetry
(Radicals; Masimoset Co., Irvine, CA, USA). The solutions
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were delivered during quiet tidal breathing via a nebulizer
(DeVilbiss 644; DeVilbiss, Somerset, PA, USA) driven by
compressed air at a flow rate of 4.5 L/min; the unit was
calibrated to give a mean output of 0.36 mL/min. Inhala-
tion was performed using a face mask and continued for
2 min of tidal breathing, starting with the buffer solution.
This was followed by doubling concentrations of metha-
choline or AMP every 5 min. After the end of each period
of inhalation, the trachea and both lungs were auscultated
repeatedly during quiet breathing for about 3 min. The
two examiners assessed the wheezing independently, and
wheezing was considered to occur only when their find-
ings coincided. Arterial oxygen saturation was monitored
continuously during and after each period of inhalation.
The procedure was continued until either an end-point or
the maximal concentration was reached. The end-point
was defined as the concentration of methacholine or AMP
resulting in audible wheezing and/or a fall in oxygen
saturation of at least 5% from baseline (desaturation).

The institutional Review Board approved the studies
[15–17] in which these subjects were initially enrolled,
and written informed consent for participation in the
original studies was obtained from parents of each sub-
ject.

Statistical analysis

Data are presented as the mean�SD or as geometric means
with a range of 1 SD. End-point concentrations were log-
transformed before statistical analysis. Subjects were
considered to have BHR to methacholine or to AMP when
they had end-point concentrations of methacholine
48 mg/mL [19] or of AMP 4200 mg/mL [20]. Censored
values of 16 mg/mL for methacholine and 400 mg/mL for
AMP were given to those that did not show a positive
response after inhalation of the maximal concentration of
methacholine (8 mg/mL) or AMP (200 mg/mL). The vari-
ables or frequencies were compared between the two
groups, using the Student two-tailed t-test or the w2 test.
Correlations between methacholine or AMP end-point
concentration and blood eosinophil counts were calcu-
lated using the Pearson correlation test. The w2 test for
trend was used to evaluate potential relationships between
the degree of each atopy parameter (serum total IgE,
number of positive SPTs, and atopic score) and methacho-
line or AMP end-point concentration. A P-value of 0.05 or
less was considered to be significant.

Results

A total of 125 patients that had documented SPTs and
methacholine and AMP challenges, were identified from
the database. Three of these patients were excluded,
because they did not meet the criteria of a positive asthma

predictive index. One hundred and twenty-two patients
were therefore included in the final analysis.

On the SPTs, 97 patients (79.5%) had a positive response
to at least one of the allergens, and thus were considered
to have atopy. Among the individual allergens, HDMs
were the most prevalent (D. farinae 74.6% and D. pter-
onyssinus 73.8%), followed by dog epithelia (27.9%), B.
germanica (14.8%), cat epithelia (13.9%), A. alternata
(12.3%), ragweed (11.5%), mugwort (9.8%), alder (9.8%),
A. fumigatus (9.8%), oak (9.0%), and rye grass (6.6%). Of
atopic subjects, 31 (32.0%) reacted only to HDMs, 4 (4.1%)
only to allergens other than HDMs, and 62 (63.9%) to both
categories. The mean weal size was greatest for HDMs (D.
pteronyssinus 8.1�3.1 mm and D. farinae 6.9�2.3 mm)
(other allergens’ data not presented).

One hundred and nineteen patients (97.5%) had BHR to
methacholine, whereas 108 patients (88.5%) had BHR to
AMP. BHR to both methacholine and AMP was detected in
106 patients (86.9%). Thirteen patients with BHR to
methacholine failed to respond to AMP, whereas two
patients with BHR to AMP failed to respond to methacho-
line. One patient responded to neither methacholine nor
AMP.

In the patients with BHR to methacholine, the end-point
concentration was determined by wheeze alone in 62
subjects, by both wheeze and oxygen desaturation in 27
subjects, and by oxygen desaturation alone in 30 subjects.
In the patients with BHR to AMP, the end-point concen-
tration was determined by wheeze alone in 56 subjects, by
both wheeze and oxygen desaturation in 24 subjects, and
by oxygen desaturation alone in 28 subjects.

The subjects were divided into two groups, according to
the presence of atopy (Table 1). The atopic (n = 97) and
non-atopic (n = 25) groups did not differ in terms of age,
sex ratio, the use of inhaled corticosteroids, and blood
eosinophil counts. The atopic group had a significantly
lower AMP end-point concentration than the non-atopic
group (P = 0.000), whereas methacholine end-point con-
centration was not significantly different between the two
groups (P = 0.447). Serum total IgE levels were signifi-
cantly higher in the atopic group than in the non-atopic
group (P = 0.000).

To evaluate the association between the degree of atopy
and bronchial responsiveness, subjects were stratified
according to atopy parameters [serum total IgE levels
(o200, 200–500, 4500 IU/mL), number of positive SPTs
(1–2, 3, 4, 5 �), and atopic score (1–4, 5–6, 7 �)] and
methacholine end-point concentration (Fig. 1) or AMP
end-point concentration (Fig. 2) was assessed. The w2 test
for trend showed that the methacholine end-point con-
centration was not associated with any of the atopy
parameters (serum total IgE: P = 0.146; number of positive
SPTs, P = 0.468; atopic score, P = 0.217) (Fig. 1). In the
analysis of the AMP end-point concentration according to
the different levels of the atopy parameters, a significant
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association was found between serum total IgE or atopic
scores and the AMP end-point concentration (w2 test for
trend, P = 0.001 and 0.028, respectively), but not between
the number of positive SPTs and the AMP end-point
concentration (P = 0.212) (Fig. 2).

There was an inverse correlation between the AMP end-
point concentration and blood eosinophil counts
(r =�0.250, P = 0.006), but not between the methacholine

end-point concentration and blood eosinophil counts
(r =�0.097, P = 0.290) (data not shown).

Discussion

In the present study, preschoolchildren with atopic asthma
had a significantly lower AMP end-point concentration
than those with non-atopic asthma, whereas the metha-
choline end-point concentration was not significantly
different between the two groups. Furthermore, among
the atopic patients, the AMP end-point concentration, but
not the methacholine end-point concentration, was found
to be significantly associated with the degree of atopy,
reflected in serum total IgE levels and atopic scores.

Asthma onset frequently occurs in early childhood [11,
12]. However, it is often difficult to make a definitive
diagnosis until the child is older, because there is no lung
function method that would be regarded as the gold
standard for the diagnosis of asthma. In the present study
of preschoolchildren, we chose a history of recent recur-
rent wheezing relieved by b2-agonist as one criterion for
the diagnosis of asthma. This history has been proposed to
constitute the basis for a diagnosis in settings where other
causes have been excluded and the presence of asthma is
likely [21]. The other criterion used was a positive asthma
predictive index. It has been demonstrated that this index
can predict the subsequent development of asthma with
reasonable accuracy among children that have wheezing
episodes during the first 3 years of life [18]. The diagnosis
of asthma in our study population, therefore, is considered
to be reasonably accurate.
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Fig. 1. End-point concentration of methacholine (geometric mean and range of 1 SD) according to the level of serum total IgE (left panel), number of
positive skin-prick tests (SPTs) (middle panel), and atopic score (right panel). P values calculated by the w2 test for trend.

Table 1. Clinical and atopy parameters of the two groups divided
according to the presence of atopy

Atopy
(n = 97)

Non-atopy
(n = 25)

Age (years)� 5.4 (4.0–6.7) 5.2 (4.2–6.8)
Sex (M/F) 61/36 16/9
Use of inhaled corticosteroids, n

(%)
46 (47.4) 10 (40.0)

Blood eosinophils (/mL)w 459�316 402�362
Methacholine end-point

concentrationz
1.19 (0.36-3.95) 1.43 (0.49–4.22)

AMP end-point concentrationz 20.61
(3.91–108.57)‰

89.50
(25.38–315.67)

Atopy parameters
Serum total IgE (IU/mL) 292.6

(102.5–835.5)‰
59.3
(17.7–198.6)

Number of positive SPTsw 3.44�1.94 –
Atopic scorew 5.80�2.86 –

�Median (range).
wMean�SD.
zGeometric mean (range of 1 SD).
‰Po0.001 vs. non-atopy.
AMP, adenosine 50-monophosphate; SPT, skin-prick test.
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Previously published rates of aeroallergen sensitization
in young children with asthma have ranged from 33% to
86% [22, 23]. The relatively high percentage of atopic
subjects (79.5%), in the present study, may be attributed to
the fact that a positive asthma predictive index was
included as a criterion for enrollment. HDMs were the
most prevalent sensitizing agents and their weal size was
the largest among the aeroallergens. These findings sug-
gest that HDMs are the major local aeroallergen, consis-
tent with the findings reported in the temperate regions
like our country [24].

In the present study, bronchial challenges were per-
formed using a modified auscultation method that set the
two criteria (wheeze detection and oxygen desaturation)
for determining the end-point. For both methacholine and
AMP challenges, the incidence of wheeze detection at the
end-point of a positive challenge was higher than that of
oxygen desaturation. This is consistent with findings of
other studies [19, 25] and suggests that wheeze detection
may be a more sensitive indicator of induced broncho-
constriction than oxygen desaturation. In the present
study, BHR to methacholine was found in 119 patients
(97.5%), with a cut-off end-point concentration of 8 mg/
mL [19, 25]. On the other hand, BHR to AMP was detected
in 108 patients (88.5%) with a cut-off end-point concen-
tration of 200 mg/mL [20]. This frequency was signifi-
cantly lower than that of BHR to methacholine, suggesting
that the latter is more sensitive than the former for
diagnosing asthma in young children, which is consistent
with the data in adults [26]. The nebulizer output
(0.36 mL/min) in our provocation test protocol is more
than twice as much as the guidelines (0.13 mL/min)
recommended by the ATS [27]. Therefore, the cut-off

points (8 mg/mL for methacholine and 200 mg/mL for
AMP), which were used to define BHR in the present study,
may appear to be high, if these were for provocative
concentrations causing a 20% fall in FEV1 (PC20s) in
provocation tests using spirometry. However, this is not
so, because PC20 occurs at a lower concentration than
end-points determined by wheeze detection and/or oxy-
gen desaturation [28].

The two challenge tests were performed in a randomized
fashion. It is unlikely that the first test would have
influenced the second test, because the challenge days
were separated by at least 3 days. It has been demonstrated
that in sensitized patients with asthma, airway responsive-
ness to methacholine or AMP increases during the pollen
season [29]. Even in patients sensitized to perennial aller-
gens, such as HDMs, the seasonal variability of bronchial
responsiveness to methacholine has been reported [30].
However, the time of the challenge tests could not be
controlled in this study, because of its retrospective nature.

There are a few prior studies that compared methacho-
line and AMP responsiveness with regard to their relation-
ship with atopy. Ludviksdottir et al. [7] observed that
patients with atopic asthma are more hyperresponsive to
AMP compared with patients with non-atopic asthma,
whereas the frequency of BHR to methacholine was not
different in the two groups studied. In young adults that
were mostly asymptomatic, de Meer et al. [10] reported
that BHR to AMP was associated with atopic airway
diseases and atopic status, whereas BHR to methacholine
was related to a reduced airway calibre. On the other hand,
Fowler et al. [9] showed that the degree of skin-prick
reactivity to aeroallergens was associated with BHR to
methacholine, but not with BHR to AMP.
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Fig. 2. End-point concentration of adenosine 50-monophosphate (AMP) (geometric mean and range of 1SD) according to the level of serum total IgE
(left panel), number of positive skin-prick tests (SPTs) (middle panel), and atopic score (right panel). P values calculated by the w2 test for trend.
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In the present study, the methacholine end-point con-
centration was not significantly different between the
atopic and non-atopic groups. In addition, there was no
significant association between the methacholine end-
point concentrations and the degree of atopy, as measured
by serum total IgE levels, number of positive SPTs, and
atopic scores. These findings are consistent with other
studies that reported no significant relationship between
methacholine PC20 and serum total IgE levels or the
degree of skin-prick reactivity in children and young
adults with asthma [13, 14]. The discrepancy between our
results and those reported by Fowler et al. [9] are not
easily explained, but possibly may be due to distinct
environmental factors acting at different localities and/or
different age groups studied. The results of this study
suggest that mechanisms other than atopy are important
in the pathogenesis of BHR to methacholine in young
children with asthma.

There is increasing evidence suggesting that atopy is
critically important in the bronchial response to AMP,
apart from the studies by Ludviksodottir et al. [7] and de
Meer et al. [10]. Currie et al. [31] showed that the distribu-
tion of allergic sensitization to HDMs, Aspergillus, cat
allergen, and positive SPT numbers is significantly greater
in asthmatic patients that are responsive to AMP than in
non-responsive patients. Bakirtus and Turktas [32] also
reported that atopic sensitization is the most important
predictive factor for BHR to AMP in school-age children
with asthma, similar to adults [7, 10]. The same investiga-
tors subsequently studied preschool-age children with
asthma [22], but failed to identify atopy as a predictor of
BHR to AMP in this age group. These results, however, are
difficult to interpret, because of their small sample size. In
addition, the rate of atopy in their population was only
33.3%, which is even lower than the rates [33, 34] reported
for patients with recurrent wheezing at the same age.
Fowler et al. [9] found no association between either the
presence or number of skin-prick positivities to aeroaller-
gens and the degree of BHR to AMP. However, their results
were inconclusive, because a high percentage of patients
were using inhaled corticosteroid treatment, to which
AMP responsiveness is very sensitive [35]. In the present
study, the AMP end-point concentration was significantly
lower in the atopic group than in the non-atopic group.
Furthermore, a significant association was found between
serum total IgE levels or atopic scores and the AMP end-
point concentrations, even within atopic subjects. Because
the vast majority of the subjects in our study had four or
fewer SPT responses, this study probably lacked the
contrast to demonstrate an effect of the number of
positive SPTs on AMP responsiveness.

Most data on the relationships of methacholine or AMP
responsiveness to atopy are based on the results obtained

from studies where bronchial challenges were performed
using spirometry. This is the first study to compare
methacholine and AMP responsiveness with regard to
their relationship to atopy, using a modified auscultation
method for bronchial challenges, in young children with
asthma. The results of this study showed that AMP
responsiveness was associated with the presence and
degree of atopy as reflected in serum total IgE levels and
atopic scores, whereas such a relationship was not ob-
served for methacholine responsiveness. Our results may
be explained in the light of an important role of mast cells
in both atopy [36] and the airway response to AMP [2].
Mast cells are not of direct importance in the airway
response to methacholine. Because the naturally occur-
ring stimuli causing symptoms in asthma act through
indirect mechanisms, it is hypothesized that indirect air-
way responsiveness should correlate better with clinical
features of asthma, including severity and control, and
current asthma activity [37]. This might provide a possible
explanation for the difference in AMP responsiveness
between atopic and non-atopic subjects. However, the
proportion of subjects taking controller medications, i.e.,
inhaled corticosteroids, was comparable in the two
groups, and other detailed clinical data were not available,
due to the retrospective nature of this study. We have
shown previously that while a majority of both atopic and
non-atopic preschool wheezers were hyperresponsive to
methacholine, atopic subjects were more hyperresponsive
to AMP than non-atopic subjects [38]. The present study
adds to the growing list of studies suggesting that atopy is
critically important to the bronchial response to AMP,
compared with methacholine.

Clinical studies in asthmatics have shown that BHR to
AMP reflects underlying bronchial inflammation more
accurately than BHR to methacholine [3]. This assertion
is supported by our observation of a significant correla-
tion between AMP end-point concentration and blood
eosinophil counts, but not between methacholine end-
point concentration and blood eosinophil counts. Other
investigators have reported a similar finding [22]. We
hypothesize that the degree of atopy may be a marker of
airway inflammation in patients with asthma. This
hypothesis is supported by a previous study that reported
a correlation between serum total IgE levels and exhaled
nitric oxide concentrations in allergic airway diseases
including asthma [39].

In summary, young children with atopic asthma had a
significantly greater AMP responsiveness than those with
non-atopic asthma, whereas methacholine responsiveness
was not significantly different between the two groups.
Furthermore, the degree of atopy appeared to be an
important factor in AMP responsiveness, but not in
methacholine responsiveness, in these children.

�c 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–8

6 D. I. Suh et al



References

1 Cockcroft DW, Davis BE. Mechanisms of
airway hyperresponsiveness. J Allergy
Clin Immunol 2006; 118:551–9.

2 de Meer G, Marks GB, Postma DS. Direct
or indirect stimuli for bronchial chal-
lenge testing: what is the relevance for
asthma epidemiology? Clin Exp Allergy
2004; 34:9–16.

3 van den Berge M, Meijer RJ, Kerstjens
HA et al. PC20 adenosine 50-monopho-
sphate is more closely associated with
airway inflammation in asthma than
PC20 methacholine. Am J Respir Crit
Care Med 2001; 163:1546–50.

4 Liem JJ, Kozyrskyj AL, Cockroft DW,
Becker AB. Diagnosing asthma in chil-
dren: what is the role for methacholine
bronchoprovocation testing? Pediatr
Pulmonol 2008; 43:481–9.

5 Sears MR, Burrows B, Herbison GP,
Holdaway MD, Flannery EM. Atopy in
childhood II. Relationship to airway
responsiveness, hay fever and asthma.
Clin Exp Allergy 1993; 23:949–56.

6 Cockcroft DW, Murdock KY, Berscheid
BA. Relationship between atopy and
bronchial responsiveness to histamine
in a random population. Ann Allergy
1984; 53:26–9.

7 Ludviksdottir D, Janson C, Bjornsson E et
al. Different airway responsiveness pro-
files in atopic asthma, nonatopic asthma,
and Sjogren’s syndrome. BHR Study
Group. Bronchial hyperresponsiveness.
Allergy 2000; 55:259–65.

8 Mochizuki H, Shigeta M, Tokuyama K,
Morikawa A. Difference in airway reac-
tivity in children with atopic vs nonato-
pic asthma. Chest 1999; 116:619–24.

9 Fowler SJ, Lipworth BJ. Relationship of
skin-prick reactivity to aeroallergens and
hyperresponsiveness to challenges with
methacholine and adenosine monopho-
sphate. Allergy 2003; 58:46–52.

10 de Meer G, Heederik D, Postma DS.
Bronchial responsiveness to adenosine
50-monophosphate (AMP) and metha-
choline differ in their relationship
with airway allergy and baseline FEV1.
Am J Respir Crit Care Med 2002; 165:
327–31.

11 Wainwright C, Isles AF, Francis PW.
Asthma in children. Med J Aust 1997;
167:218–23.

12 Siegel SC, Rachelefsky GS. Continuing
medical education. Asthma in infants
and children: part 1. J Allergy Clin
Immunol 1985; 76:1–15.

13 Takeda K, Shibasaki M, Takita H. Rela-
tion between bronchial responsiveness
to methacholine and levels of IgE anti-
body against Dermatophagoides farinae
and serum IgE in asthmatic children.
Clin Exp Allergy 1993; 23:450–4.

14 Ferrante E, Corbo GM, Valente S, Ciappi
G. Associations between atopy, asthma
history, respiratory function and non-
specific bronchial hyperresponsive-
ness in unselected young asthmatics.
Respiration 1992; 59:169–72.

15 Kim DK, Yoo Y, Yu J, Choi SH, Koh YY.
Bronchial responsiveness to methacho-
line and adenosine 50-monophosphate
(AMP) in young children with post-
infectious bronchiolitis obliterans. Acta
Paediatr 2006; 95:56–61.

16 Kim DK, Choi SH, Yu J, Yoo Y, Kim B,
Koh YY. Bronchial responsiveness to
methacholine and adenosine 50-mono-
phosphate in preschool children with
bronchopulmonary dysplasia. Pediatr
Pulmonol 2006; 41:538–43.

17 Choi SH, Kim DK, Yu J, Yoo Y, Koh YY.
Bronchial responsiveness to methacho-
line and adenosine 50-monophosphate
in young children with asthma: their
relationship with blood eosinophils
and serum eosinophil cationic protein.
Allergy 2007; 62:1119–24.

18 Castro-Rodriguez JA, Holberg CJ,
Wright AL, Martinez FD. A clinical index
to define risk of asthma in young
children with recurrent wheezing.
Am J Respir Crit Care Med 2000;
162:1403–6.

19 Springer C, Godfrey S, Picard E et al.
Efficacy and safety of methacholine
bronchial challenge performed by aus-
cultation in young asthmatic children.
Am J Respir Crit Care Med 2000;
162:857–60.

20 Avital A, Uwyyed K, Berkman N, God-
frey S, Bar-Yishay E, Springer C.
Exhaled nitric oxide and asthma in
young children. Pediatr Pulmonol 2001;
32:308–13.

21 Warner JO, Naspitz CK. Third Interna-
tional Pediatric Consensus statement on
the management of childhood asthma
International Pediatric Asthma Consen-
sus Group. Pediatr Pulmonol 1998;
25:1–17.

22 Bakirtas A, Turktas I. Airway hyper-
responsiveness to adenosine 50-mono-
phosphate in preschool-age children
with asthma. Pediatr Allergy Immunol
2006; 17:428–34.

23 Malmberg LP, Pelkonen AS, Haahtela T,
Turpeinen M. Exhaled nitric oxide rather
than lung function distinguishes pre-
school children with probable asthma.
Thorax 2003; 58:494–9.

24 Platts-Mills TA, Thomas WR, Aalberse
RC, Vervloet D, Champman MD. Dust
mite allergens and asthma: report of a
second international workshop. J Allergy
Clin Immunol 1992; 89:1046–60.

25 Yong SC, Smith CM, Wach R, Kurian M,
Primhak RA. Methacholine challenge
in preschool children: methacholine-
induced wheeze versus transcutaneous
oximetry. Eur Respir J 1999; 14:1175–8.

26 Fowler SJ, Dempsey OJ, Sims EJ, Lip-
worth BJ. Screening for bronchial
hyperresponsiveness using methacho-
line and adenosine monophosphate.
Relationship to asthma severity and
beta2-receptor genotype. Am J Respir
Crit Care Med 2000; 162:1318–22.

27 American Thoracic Society. Guidelines
for methacholine and exercise challenge
testing-1999. Am J Respir Crit Care Med
2000; 161:309–29.

28 Bentur L, Beck R, Elias N et al. Metha-
choline bronchial provocation measured
by spirometry versus wheeze detection
in preschool children. BMC Pediatr
2005; 5:19.

29 Prieto L, Gutierrez V, Torres V, Uixera S,
Marin J. Effect of salmeterol on seasonal
changes in airway responsiveness and
exhaled nitric oxide in pollen-sensitive
asthmatic subjects. Chest 2002;
122:798–805.

30 Riccioni G, Di Stefano F, De Benedictis M
et al. Seasonal variability of non-specific
bronchial responsiveness in asthmatic
patients with allergy to house dust mites.
Allergy Asthma Proc 2001; 22:5–9.

31 Currie GP, Jackson CM, Lee DK, Lipworth
BJ. Allergen sensitization and bronchial
hyper-responsiveness to adenosine
monophosphate in asthmatic patients.
Clin Exp Allergy 2003; 33:1405–8.

32 Bakirtas A, Turktas I. Determinants of
airway responsiveness to adenosine 50-
monophosphate in school-age children
with asthma. Pediatr Pulmonol 2006;
41:515–21.

33 Kurukulaaratchy RJ, Matthews S, Hol-
gate ST, Arshad SH. Predicting persistent
disease among children who wheeze
during early life. Eur Respir J 2003;
22:767–71.

34 Martinez FD, Wright AL, Taussig LM,
Holberg CJ, Halonen M, Morgan WJ.

�c 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–8

BHR to methacholine/AMP and atopy in young children with asthma 7



Asthma and wheezing in the first six
years of life. N Engl J Med 1995;
332:133–8.

35 Prosperini G, Rajakulasingam K, Caccio-
la RR et al. Changes in sputum counts
and airway hyperresponsiveness
after budesonide: monitoring anti-
inflammatory response on the basis of
surrogate markers of airway inflamma-
tion. J Allergy Clin Immunol 2002;
110:855–61.

36 Brown JM, Wilson TM, Metcalfe DD. The
mast cell and allergic diseases: role in
pathogenesis and implications for ther-
apy. Clin Exp Allergy 2008; 38:4–18.

37 Pauwels R, Joos G, Van der Straeten M.
Bronchial hyperresponsiveness is not
bronchial hyperresponsiveness is not
bronchial asthma. Clin Allergy 1988;
18:317–21.

38 Kim DK, Choi SH, Yu J, Yoo Y, Koh YY.
Bronchial responsiveness to methacho-

line and adenosine 50-monophosphate
in atopic and non-atopic preschool chil-
dren with recurrent wheezing. Clin Exp
Allergy 2007; 37:15–21.

39 Cardinale F, de Benedictis FM, Muggeo V
et al. Exhaled nitric oxide, total serum
IgE and allergic sensitization in child-
hood asthma and allergic rhinitis.
Pediatr Allergy Immunol 2005; 16:
236–42.

�c 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–8

8 D. I. Suh et al


