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Background: To investigate the predictive factors associated with positive adenosine monophosphate challenge
using the auscultation method (AMP-PCW) test results.
Methods: This is a prospective study of young children with suspected asthma who underwent AMP-PCW test.
Patients with a positive AMP-PCW test were compared with those with a negative AMP-PCW. A multivariate
logistic regression model was performed to identify the independent determinants of positive AMP-PCW.
Results: A total of 159 patients completed the AMP-PCW test. The median age was 53 months. In total, 54.0%
of patients had a positive AMP-PCW. The prevalence of atopic dermatitis and family history of asthma and
allergy were significantly higher among the positive AMP-PCW group (P = 0.04, P = 0.02, and P = 0.007,
respectively), as were the prevalences of elevated immunoglobulin E (IgE), peripheral blood eosinophils
percentage (P = 0.003, P < 0.001, respectively), and number of emergency department (ED) visits/hospitaliza-
tions before AMP-PCW test (P = 0.006). A significant inverse correlation exists between peripheral blood
eosinophils percentage and serum IgE levels with the AMP end-point concentrations (r = -0.302, P = 0.001, and
r = -0.312, P = 0.001, respectively). In multivariate logistic regression model, peripheral blood eosinophils
percentage, IgE levels, and the number of ED visits/hospitalizations before the AMP-PCW test were found as
independent predictors for positive AMP-PCW test result.
Conclusions: Our results suggest that bronchial responsiveness to AMP-PCW is related to proxy markers of
airway inflammation (elevated eosinophils and IgE levels) and clinical exacerbation of asthma before the test.
This may support the role of AMP-PCW in detecting inflammatory changes and monitoring their trend among
young children with suspected asthma.
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Introduction

Bronchial hyper-responsiveness (BHR) measurement
has become an important tool in the diagnosis and

management of asthma.1–5 Adenosine 5¢-monophosphate
(AMP) challenge is an indirect method for evaluation of
BHR as it activates different tissue cells that release in-
flammatory mediators that, in turn, act on the smooth
bronchial muscle and cause muscle contraction.6

AMP challenge is both sensitive and specific for the di-
agnosis of BHR and asthma among adults and children,7–10

and its utilization among young infants after 2 years of age by
nebulized adenosine monophosphate challenge using the aus-
cultation method (AMP-PCW) is both safe and effective.11–13

As performing AMP-PCW, a test with high negative
predictive value (NPV) and moderate positive predictive

value (PPV) for future asthma14 requires cooperation from
both infants and parents and involves inhalation of provoca-
tive AMP in an increasing concentration,15 it is important to
identify in advance which infants will benefit most from its
performance, mostly those who will probably have a negative
AMP-PCW (in light of the high NPV of the test).

Previous studies have evaluated the correlation between
factors such as atopy, immunoglobulin E (IgE) levels and
inflammatory markers, and AMP responsiveness with con-
flicting results reported.16–22

The aim of this study was to further delineate indepen-
dent characteristics associated with positive AMP-PCW
challenge among young children with recurrent respiratory
complains who were tested for suspected asthma to identify
those infants less likely to have a positive AMP-PCW who
will benefit from its performance.
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Materials and Methods

Patients

This is a prospective cohort study. The study group
comprised patients aged 2 to 8 years who were referred by
pediatric pulmonary clinics in Jerusalem to the Hadassah
Medical Center between January 2006 and October 2012 to
perform AMP-PCW. These patients experienced recurrent
respiratory symptoms such as shortness of breath, wheeze,
or cough and were suspected for asthma.

Patients with positive AMP-PCW test were compared
with those with a negative test result. Exclusion criteria
included patients diagnosed with any other chronic respi-
ratory diseases such as bronchiectasis, cystic fibrosis, ciliary
dyskinesia, and bronchopulmonary dysplasia.

Data collection

For the purpose of this study, we abstracted patients’
anamnesis reports, parents’ filled questionnaire, AMP-PCW
reports, laboratory results, and outpatient clinics data. At
time of admission for AMP-PCW, a detailed entry ques-
tionnaire was conducted including data regarding the age at
onset of respiratory symptoms, duration and severity of re-
spiratory symptoms, known triggers for respiratory com-
plaints, presence of other atopic conditions, relevant family
history, and home and environmental exposure. The afore-
mentioned questionnaire was filled out for all patients ad-
mitted. In addition, children were also objectively assessed
by physical examination.

Patients’ medical records and questionnaires were re-
viewed for demographics (age and gender), relevant per-
sonal and family history, and asthma-related risk factors (eg,
allergy, familial asthma, household pet exposure, atopy, and
smoking exposure).

Smoking exposure was defined as any parent actively
smoking (indoor or outdoor smoking). Pet exposure was
defined as owning any household furred pet or a bird. Atopy
was defined as the presence of any of the following: allergic
rhinitis, atopic dermatitis, and eczema. Familial association
was defined as either first degree relative. Elevated IgE
levels were defined in age-specific reference intervals; 2–3
years >20 IU/mL, 3–5 years >30 IU/mL, and >5 years 70
IU/mL. Elevated peripheral blood eosinophils percentage
was defined as ‡5.5%,23,24 which is the reference range for
eosinophilia in the central laboratory at our center. All the
aforementioned data were prospectively recorded in an
electronic database in a real-time manner. We also reviewed
pediatric pulmonologist outpatient clinic data, including
laboratory test results, diagnosis, and medical treatment.

Challenge test

All AMP-PCW tests were performed by a pediatric
pulmonologist using a previously described method.15,25 In
brief, an AMP fresh solution (Sigma-Aldrich Chemie
GmbH, Steinheim, Germany) was administered by nebuli-
zation by a DeVilbiss 646 Nebulizer (DeVilbiss Co., Som-
erset, PA) attached to a compressor (PulmoAide compressor;
DeVilbiss) that produced an output of 5 L/min through a
face mask for a period of 2 min. AMP solution concentra-
tions were sequentially doubled starting from 0.39 mg/mL
up to 200 mg/mL or until the end point of AMP-PCW was

achieved. End point of AMP-PCW was defined as one or
more of the following: (1) continuous wheeze detected over
the trachea or the chest using a stethoscope, (2) oxygen
saturation drop of at least 5% from baseline, as measured by
a pulse oximeter, and (3) an increase in the respiratory rate
of 50% or more from baseline.

A positive AMP-PCW was defined when the end
point was reached at an AMP concentration of 200 mg/mL
or less. The severity of BHR was defined according to the
AMP concentration reached at the end point: mild, 100–
200 mg/mL; moderate, 25–50 mg/mL; and severe, 0.39–
12.5 mg/mL.14,26,27 It is important to note that parents were
instructed and asked in the questionnaire to confirm that
none of the patients was taking inhaled steroids, leukotriene
receptor antagonists, or antihistamine drugs within 1 month
of AMP-PCW.

Statistical analysis

The values or frequencies between the 2 groups were
compared with the –w2 test and Fisher’s exact test for cat-
egorical variables and the 2-sample t-test for continuous
variables with a normal distribution. Mann–Whitney U test
was used to compare medians of continuous variables.
Pearson’s correlation test was used to evaluate the rela-
tionship between inflammatory markers and AMP concen-
tration at end point. A 2-sided P-value <0.05 indicated
statistical significance. The statistically significant variable
between study groups was included as independent variables
in multivariate logistic regression model to identify the
determinants of positive AMP-PCW. The data were ana-
lyzed using Software Package for Statistics and Simulation
(IBM SPSS version 23; IBM Corp, Armonk, NY). We di-
vided the cohort into 2 groups by age at AMP-PCW (young,
aged £48 months versus Elder, aged >48 months) and
compared between the groups in relation to characteristics
and AMP = PCW results.

Ethical consideration

Ethical institutional review board of the Hadassah Uni-
versity Medical and the management board of Meuhedet
HMO, waiving informed consent, were obtained for this
study (0346-10-HMO).

Results

Within the study period, 161 patients with recurrent re-
spiratory symptoms suspected for asthma were referred to
our hospital and underwent an AMP-PCW test. Of them,
159 completed the AMP-PCW test and constituted the study
cohort, as 2 (1.2%) patients did not complete the AMP-PCW
test. The clinical and demographic characteristics of patients
are presented in Table 1. Baseline characteristics and AMP-
PCW test results did not vary between young (£48 months)
and elder (>48 months) groups, except median age of first
wheezing episode; young patients presented earlier with first
wheezing episode (median 27 months versus 48 months,
P < 0.001).

Patients’ characteristics in relation to the AMP-PCW
result are presented in Table 2. The median age of the study
group was 53 (42–63 interquartile range) months, with 97
(61%) males. Eighty-six patients (54.0%) had positive
AMP-PCW results. Of those with positive AMP-PCW

104 LEVIN ET AL.

D
ow

nl
oa

de
d 

by
 B

IB
L

IO
SA

N
 r

em
ot

e 
ci

le
a 

cl
as

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

26
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



results, 31.4% were defined as mild BHR, 17.4% moderate
BHR, and 51.2% severe BHR. Demographic characteristics
(eg, age, age at first wheezing episode, duration of symp-
toms, and gender) and the prevalences of several asthma-
related risk factors (eg, exposure to smoking, pet exposure,
composite of atopy, and allergic rhinitis) were comparable
between those with positive and negative AMP-PCW test
results. Furthermore, the study groups were comparable in
terms of the prevalence of chronic antiasthmatic treatment
before test performance. The prevalences of atopic derma-
titis, family history of asthma, and allergy were significantly
higher among those with a positive AMP-PCW result
(P = 0.04, P = 0.02, and P = 0.007, respectively), as were the
prevalence of elevated IgE, peripheral blood eosinophils

percentage (P = 0.003, P < 0.001, respectively), and the
number of emergency department (ED) visits/hospitaliza-
tions before AMP-PCW test (P = 0.006). Overall, 13% had
no asthma-related risk factors. The proportions of risk fac-
tors prevalence are presented in Table 2. The median
number of risk factors was higher among the positive AMP-
PCW group (3 versus 1, P < 0.001).

The relationships between AMP end-point concentrations
and peripheral blood eosinophil percentage and serum IgE
levels were examined in the positive AMP-PCW group.
A significant inverse correlations for both peripheral blood
eosinophils percentage and serum IgE levels were found
with the AMP end-point concentrations, (r = -0.302, P = 0.001,
and r = -0.312, P = 0.001, respectively). Peripheral blood

Table 1. Demographic and Laboratory Data of Patient Referred for AMP-PCW

Characteristics
Total cohort

(n = 159)
Aged £48 months

(n = 64)
Aged >48 months

(n = 95) P

Median age, months (IQR) 53.0 (42–63) 39 (36–45) 60 (54–71) <0.001
Median age at first wheezing episode, months

(IQR)
41 (25–57) 27 (24–33) 48 (42–59) <0.001

Median duration of symptom, months (IQR) 29 (25–33) 27 (23–31) 29 (26–33) 0.51
Gender, male (%) 97 (61%) 36 (56.2%) 61 (64.2%) 0.31
Smoking exposure (%) 43 (27.0%) 19 (26.7%) 24 (25.3%) 0.53
Pets exposure (%) 24 (15.1%) 9 (14.1%) 15 (15.8%) 0.76
Atopy (%) 41 (25.8%) 17 (26.6%) 24 (25.3%) 0.85
Allergic rhinitis, n (%) 16 (10.0%) 7 (10.9%) 9 (9.5%) 0.77
Atopic dermatitis, n (%) 25 (15.7%) 10 (15.6%) 15 (15.8%) 0.97
Asthma in family (%) 61 (38.4%) 25 (39.1%) 35 (36.8%) 0.77
Allergy in family (%) 57 (35.8%) 26 (40.6%) 30 (31.6%) 0.24
Elevated IgE (%) 42 (26.4%) 14 (21.9%) 28 (29.5%) 0.28
Elevated eosinophils % 63 (39.6%) 24 (37.5%) 39 (41.0%) 0.65
Persistent medical treatment before

AMP-PCW (%)
101 (63.5%) 44 (68.7%) 57 (60.0%) 0.26

ED visits/hospitalization before
AMP-PCW (%)

50 (31.4%) 23 (35.9%) 27 (28.4%) 0.32

Number of risk factors, median (IQR) 2 (1–3) 2 (1–3) 2 (1–3) 0.88
Positive AMP-PCW (%) 86 (54.1%) 38 (59.4%) 48 (50.5%) 0.27

The data is presented in median and interquartile range as it best represents the population.
AMP-PCW, adenosine monophosphate challenge using the auscultation method; ED, emergency department; IgE, immunoglobulin E;

IQR, interquartile range.

Table 2. Patients Characteristics by AMP-PCW Result

Characteristic Positive AMP-PCW (n = 86) Negative AMP-PCW (n = 73) P

Median age, months (IQR) 53.5 (31.25–75.75) 52 (35.5–68.5) 0.49
Median age at first wheezing episode, months (IQR) 40 (24–56) 42 (26–58) 0.41
Median duration of symptom, months (IQR) 28 (24–32) 30 (26–34) 0.4
Gender, male (%) 56 (57.7%) 41 (42.3%) 0.22
Smoking exposure (%) 23 (26.7%) 20 (27.4%) 0.92
Pets exposure (%) 16 (18.6%) 8 (10.9%) 0.18
Atopy (%) 26 (30.2%) 15 (20.5%) 0.16
Allergic rhinitis, n (%) 8 (9.3%) 8 (10.9%) 0.73
Atopic dermatitis, n (%) 18 (20.9%) 7 (9.5%) 0.04
Asthma in family (%) 40 (46.5%) 21 (28.7%) 0.02
Allergy in family (%) 39 (45.3%) 18 (24.6%) 0.007
Elevated IgE (%) 31 (36.0%) 11 (15.0%) 0.003
Elevated eosinophils % 46 (53.4%) 17 (23.2%) <0.001
Persistent medical treatment before AMP-PCW (%) 60 (69.7%) 41 (56.1%) 0.07
ED visits/hospitalization before AMP-PCW (%) 35 (40.6%) 15 (20.5%) 0.006
Number of risk factors, median (IQR) 3 (2–4) 1 (0–2) <0.001

The data is presented in median and interquartile range as it best represents the population.
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eosinophils percentage, IgE levels, and number of ED vis-
its/hospitalizations before AMP-PCW testing were found as
independent predictors for positive test results after adjust-
ment for age and gender (odds ratio, OR 2.02, P = 0.02, OR
1.27, P = 0.04, OR 5.1, P = 0.009, respectively) (Table 3).
Children who harbor all independent determinants com-
bined (elevated eosinophils percentage, IgE levels, and high
number of ED visits/hospitalizations before AMP-PCW)
were highly likely to have a positive AMP-PCW result [OR
10.6; 95% confidence interval (CI) 6.2–51.9; P < 0.001] with
a PPV of 71.4% (95% CI 65.3%–76.8%) and an NPV of
70.6% (95% CI 48.1%–86.1%).

Discussion

This study shows that elevated eosinophils percentage,
IgE levels, and high number of ED visits/hospitalizations
are independently associated with a positive AMP-PCW
result. We demonstrate high PPV and NPV (71.4%, 70.6%,
respectively) for all 3 determinants combined for a positive
AMP-PCW test. This finding is helpful in assuming which
subset of infant will most probably benefit from the test. As
AMP-PCW has a high NPV for asthma diagnosis in the
future, those infants who will most benefit are those who
will have a negative AMP-PCW and we will rule out future
asthma diagnosis (those without our 3 independent deter-
minants). We also show that certain atopic characteristics
(atopic dermatitis and familial history of asthma and aller-
gy) did not relate to AMP-PCW results.

BHR to AMP has been shown to have high specificity for
the diagnosis of asthma in preschool-age children11,14 and
has been widely used in clinics as the BHR challenge of
choice in young children who were referred for a possible
diagnosis of asthma.28,29 Our cohort of patients was evalu-
ated prospectively using the AMP-PCW method as part of a
study protocol to examine the role in the diagnosis of
asthma among young children. AMP-PCW may be easier to
perform in terms of children cooperation, particularly in
those who are unable to follow spirometry test. AMP-PCW
was also performed among children in ages where they can
perform spirometry, this in line with our study protocol.
A strong correlation was previously shown between spi-
rometry (the gold standard for BHR detection) results and
PCW in children who were old enough to perform spirom-
etry.13,30 Observations about factors associated with AMP
responsiveness are derived from a few small studies among
adults with asthma and several studies among children.16–19,27,31

Although we did not evaluate determinants associated with
AMP responsiveness in relation to the age of the patient at

the time of AMP-PCW, it was previously shown that the
older the child at the time of test performance, the greater
the ability of the test to predict asthma.14 Thus we can es-
timate that age has a similar effect on the results of this
study; increased BHR to AMP may be a normal phenome-
non that disappears later in life as was previously re-
ported,32,33 and most of the wheezy infants stop wheezing in
the subsequent years, as most preschool wheezers show
symptoms during respiratory viral infections and do not
develop asthma later in life.34,35 It was previously demon-
strated that atopic sensitization is the single most important
determinant of hyper-responsiveness to AMP in children
with documented asthma17–19; this in opposed to our finding
that only atopic dermatitis is associated with positive AMP-
PCW, a finding that was not found to be significant in
multivariate analysis. As the only study in the current lit-
erature that demonstrated association between atopy and
BHR to AMP did not account for confounder bias,17 we
conclude that it might represent a biased finding. In the same
aforementioned study, other factors such as gender, age,
presence of allergic rhinitis, and familial history of asthma
were not associated with hyper-responsiveness to AMP. In
addition, the same group of researchers18 found that pe-
ripheral blood eosinophilia was the only predictor of the
response to AMP among asthmatic children. This concurs
with this study results; as AMP is an indirect challenge that
acts on inflammatory cells to release muscle activating
substances, it is plausible that markers of inflammation
would be correlated with AMP-PCW results. The most re-
cent study examining BHR to AMP demonstrated that total
eosinophil count and the percentage of eosinophils, as well
as IgE levels, are associated with BHR to AMP, whereas no
association was found in other studies,16,27 this again rein-
forces our study findings. Altogether, it can be concluded
that AMP challenge provides a good estimation of airway
inflammation, coupled with elevation of inflammatory
markers rather than atopy. We showed that the number of
asthma-related risk factors and respiratory exacerbations
requiring ED visits or hospitalizations is correlated with
AMP-PCW results. Moreover, we found that ED visits or
hospitalizations are an independent risk factor for positive
AMP-PCW (and has a higher OR than the other 2 indepen-
dent risk factors: peripheral blood eosinophils percentage and
IgE levels). These findings are novel and never been exam-
ined before to the best of our knowledge, yet they come not as
a surprise, as patients with more asthma risk factors and
clinically unstable disease with recurrent symptoms and ex-
acerbations could represent a subset of patient with BHR
rather than just childhood wheezing episodes.

Limitations

This study has some limitations: this study was based on
an absolutely small population, yet, it is one of the largest
cohort study performed on this topic. Moreover, we did not
measure directly airway inflammation biomarkers (eg, spu-
tum eosinophils or exhaled nitric oxide); although the final
common pathway is asthma diagnosis by diagnostic tests
(spirometry, AMP-PCW) rather than academic laboratory
evaluation that could be expensive in terms of medical re-
sources and troublesome in terms of children cooperation.
We did not evaluate the study cohort in relation to different
age groups, although we believe that as the next step in

Table 3. Multivariate Linear Regression:

Potential Predictor Factors for Positive

AMP-PCW in Young Children

Independent variable OR 95% CI P

Peripheral blood eosinophilia % 2.02 1.22–7.47 0.02
IgE levels 1.27 1.05–3.34 0.04
ED/hospitalization before

AMP-PCW
5.1 1.32–21.43 0.009

Only factors found to be statistically significant are shown in the
table.

CI, confidence interval; OR, odds ratio.
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management of these children after anamnesis and labora-
tory evaluation is performing AMP-PCW, the impact of age
on clinical evaluation is somewhat limited by this notion.
Finally, we did not evaluate skin prick test results as this test
is infrequently carried out in our country. Moreover, studies
have conflicting conclusions regarding the role of skin prick
test atopy and BHR in preschool children.17

Less than 50% of children in our cohort underwent this
evaluation (it is not routinely done as part of young children
wheezing evaluation due to resource priority), leaving this
variable underreported in our group. A positive response in skin
prick test is commonly used to define atopy.18 This missing
information could have valuable contribution to our study, as it
was previously shown that positive skin test is associated to
AMP responsiveness.18 Nevertheless, another study found no
association between positive skin test and AMP responsiveness
value, presumably due to bias as a result from a recent corti-
costeroids use.36 Skin prick test was found to be associated with
direct BHR to methacholine (direct stimuli of smooth muscle
by methacholine).36 As AMP-PCW is an indirect challenge test
(acts by a way of releasing mediators affecting smooth muscles)
on the bronchial tree, and was not found to be associated with
skin prick test in the aforementioned study, further clarification
of this relationship is warranted.

In conclusion, in this study, we observed a significant and
independent correlation between eosinophil percentages, IgE
levels, and ED/hospitalization before AMP-PCW to a posi-
tive AMP-PCW, which is a surrogate for BHR. These find-
ings can assist in identifying those patients who are most
likely to benefit from the performance of the AMP-PCW test
(those who are most likely to have a negative AMP-PCW,
which, in turn, have a high NPV for future asthma diagnosis).
It is important to underline that AMP-PCW is a diagnostic
test for asthma with a predictive value that varies by age at
performance with a false positive and negative rates as any
other diagnostic test. A negative AMP-PCW test in those with
the characteristics we have identified might represent a false
negative result or might represent a child without asthma
suffering from BHR that might be transient or due to other
pulmonary pathology. By taking into consideration the
number of risk factors present and the aforementioned inde-
pendent determinants, the pediatric pulmonologist can choose
the patients most likely to respond positively to the AMP-
PCW test. Moreover, our study adds to the current body of
evidence that suggests a significant correlation between in-
flammatory markers (eg, IgE and eosinophils) and BHR to
AMP and put into question the role of atopy in this setting.
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