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Abstract
Background: Asthma diagnosis may be challenging par-
ticularly in patients with mild symptoms without an ob-
structive pattern in spirometry. Detection of airway hyper-
responsiveness (AHR) by a positive methacholine chal-
lenge (MCC) is still an important diagnostic tool to confirm 
the presence of asthma with reasonable certainty. Howev-
er, it is time consuming and could be exhausting for pa-
tients. We aimed to identify the predictive factors for AHR 
in children with respiratory symptoms without obstructive 
pattern in spirometry. Methods: Data from children who 
had undergone MCC were analyzed retrospectively. The 
demographic features of patients along with laboratory re-
sults were collected. Results: A total of 123 children with a 
median age of 10.5 years were enrolled. AHR was detected 
in 81 children (65.8%). The age of the children with AHR 
was significantly younger. The prevalences of aeroallergen 
sensitization, nocturnal cough, wheezing, and a baseline 
forced expiratory flow at 75% of vital capacity (FEF75) <65% 
were significantly more frequent in children with AHR. Mul-

tivariate logistic regression analysis revealed age, ever 
wheezing, nocturnal cough, tree pollen allergy, and FEF75 
<65% as independent predictors of AHR. A weighted clini-
cal risk score was developed (range, 0–75 points). At a cut-
off point of 35, the presence of AHR is predicted with a 
specificity of 90.5% and a positive predictive value of 
91.5%. Conclusion: In children suspected of having asth-
ma, but without an obstructive pattern in the spirometry, 
combining independent predictors, which can be easily 
obtained in clinical practice, might be used to identify chil-
dren with AHR. © 2021 S. Karger AG, Basel

Introduction

Asthma is a chronic disease with a high prevalence 
which is characterized by chronic airway inflammation 
and variable expiratory airflow limitations. Apart from 
airway obstruction, the presence of airway hyperrespon-
siveness (AHR) is accepted as one of the important key 
factors in asthma pathogenesis [1]. However, AHR could 
be present in patients suffering from chronic obstructive 
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pulmonary disease, cystic fibrosis, allergic rhinitis, and 
sometimes also in healthy patients [2].

One of the most common methods to identify and 
quantitate AHR is the direct methacholine challenge 
(MCC). De Baets et al. [3] described the MCC as the “gold 
standard” in asthma diagnosis. Nevertheless, the diagnos-
tic power of MCC is still under discussion, but it is deter-
mined to be highly sensitive for diagnosis of a current 
asthma when admission symptoms are clinically persis-
tent. Particularly in these patients, absence of AHR con-
firmed by negative MCC excludes current asthma with 
reasonable certainty [4, 5].

There is evidence that the MCC has a quite low speci-
ficity compared to indirect bronchoprovocation tests [6]. 
Thus, indirect tests are suggested as the best screening 
tool to detect asthma. However, in patients suffering from 
asthma-related symptoms without an obstructive pattern 
in spirometry and without a positive reaction to indirect 
bronchoprovocation, there is a diagnostic dilemma in 
reaching the correct diagnosis. Often, these children have 
repetitive medical visits without a final correct diagnosis 
and treatment. For these patients, the presence of AHR 
by a positive MCC is considered as the “gold standard” in 
being able to confirm the presence of asthma with reason-
able certainty.

Although the MCC is accepted as a safe diagnostic 
tool, it is time consuming and could be exhausting for 
patients [7]. The aim of this study was to identify the pre-
dictive factors which allow for a reliable identification of 
patients with a high probability of AHR who would thus 
benefit from a validation by the MCC. This can prevent 
the mental stress and even other aggravating effects in-
duced by the performance of the MCC in a pediatric pop-
ulation when it might not be necessary. Therefore, we 
have developed a prediction model combining factors 
that best predict AHR and can be easily obtained in prac-
tice. The diagnostic performance of this novel prediction 
model was also investigated.

Methods

Study Participants
We analyzed the data from children who had undergone the 

MCC at the Department of Pediatric Allergy at the Children’s Hos-
pital, University of Bonn, between January 2009 and December 
2018. From an initial population of 939 children suspected of pos-
sible asthma, patients with an obstructive pattern in spirometry, 
that is, baseline forced expiratory volume in 1 s (FEV1) and/or 
FEV1/forced vital capacity (FVC) ratio <80% predicted, or with 
positive bronchodilator response (≥200 mL or ≥12%) reversibility 
in executed spirometry (n = 712), were not included. Furthermore, 

according to the established protocol in our department, children 
with primarily exercise-induced symptoms underwent exercise 
challenge testing before the MCC, and those children who had 
exercise-induced bronchoconstriction in the exercise challenge 
testing were also excluded (n = 104). Children were classified by a 
physician to be suspicious of possible asthma if at least one of the 
symptoms listed in the definitions were present. The data from 123 
children were analyzed (Fig. 1).

Definitions
Admission symptoms were investigated at the patient’s first 

visit by a standardized list of questions based on the Interna-
tional Study of Asthma and Allergies in Childhood (ISAAC) [8] 
using the German questionnaire developed by Duhme et al. [9] 
Additional questions were used as have been previously de-
scribed in detail elsewhere [10]. Wheezing not associated with 
colds was defined as a positive response to the question: “Has 
your child had wheezing or whistling in their chest in the past 
12 months without a cold.” Wheezing associated with colds had 
the same definition as the clinical evidence of a viral cold [11]. 
Ever had wheezing was defined as a positive response to the ques-
tion: “Has your child ever had wheezing or whistling in their 
chest at any time in the past” [8]. All symptoms were reported 
by the children and confirmed by the parents or by a physician. 
Children with at least one positive answer were declared as hav-
ing asthma-like symptoms.

Skin Prick Tests
All children underwent skin prick testing to common aeroal-

lergens for our region (ALK-Abelló, Hamburg, Germany) includ-
ing house dust mites (Dermatophagoides pteronyssinus and Der-
matophagoides farinae), grass pollen mix (Phleum pratense, Poa 
pratensis, Dactylis glomerata, Lolium perenne, Festuca pratensis, 
and Avena eliator), grain pollen mix (Secale cereale and Triticum 
aestivum), weed pollen mix (Artemisia vulgaris, Plantago lanceo-
late, and Ambrosia artemisiifolia), tree pollen mix (Alnus glutino-
sa, Corylus avellana, Betula verrucosa, and Quercus petraea), molds 
(Alternaria alternata and Aspergillus fumigatus), and animal dan-
der (cat and dog). Histamine (10 mg/mL of histamine phosphate) 
and 0.9% saline were used as positive and negative controls, re-
spectively. Weal 3 mm greater than the negative control was con-
sidered a positive reaction.

Available database
(n = 939)

Children included
(n = 123)

Exclusion criteria
•  Obstructive pattern/reversibility (n = 712)
•  Positive exercise challenge test (n = 104)

Fig. 1. Patient selection.
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Blood Eosinophil Counts and Serum Total Immunoglobulin  
E Levels
Blood eosinophil counts were determined by Coulter Counter 

(Beckman Coulter, Fullerton, CA, USA) leukocyte measurements. 
The serum total immunoglobulin E (IgE) level was measured with 
the ImmunoCAP system (Phadia AB, Uppsala, Sweden).

Bronchial Provocation Tests
To guarantee a meaningful performance of the challenge 

(MCC), following the accepted preparation guidelines [4, 12], pa-
tients had to discontinue taking short- or long-acting beta ago-
nists, antihistamines, or corticosteroids/leukotriene receptor an-
tagonists at least 24 h, 1 week, or 3 months, respectively, in ad-
vance. Testing was performed at least 3 months after the first sub-
mission. Furthermore, patients were requested not to smoke or eat 
a big meal 1 or 2 h, respectively, before starting challenge. Every 
patient was briefly informed about the course of the test procedure 
and got the opportunity to become familiar with body plethysmog-
raphy. The administration of the MCC was largely automated ac-
cording to the 1-concentration-4-step dosimeter protocol [13], 
which promises advantages in dosing accuracy and handling. In 
brief, spirometry was performed at baseline as a first step, followed 
by 4 steps, each with the inhalation of methacholine and subse-
quent spirometry 2 min after inhalation. With each step, the in-
haled methacholine dose was raised, starting from 15 μg and in-
creasing to a maximum of 720 μg. The exact dose inhaled at each 
step was determined by measuring the effective nebulization time 
at inspiration and referring it to the drug concentration and nebu-
lizer power. The complete procedure was realized with the Master-
ScreenTM Body system (CareFusion, Höchberg, Germany) pow-
ered by the Sentry Suite software (Version 2.17.66, Hotfix Package 
4) with automated control, providing a real-time visualization of 
the dose administration and breathing pattern. To optimize the 
inhalation process, patients could control their breathing them-
selves by a visual computer graphic imitating their breathing to 
attain an airflow of 0.5 L/s and to guarantee an inspiration time of 
3 s during inhalation. The aerosol for inhalation was generated di-
rectly by the flow-triggered nebulization of a solution with a con-
stant methacholine concentration (16 mg/mL isotonic saline [14]) 
through a mouthpiece of an APSpro jet-type nebulizer (240 mg/
min performance; Medic Aid pro; Sidestream Care Fusion).

The current, as well as the cumulative, methacholine dose 
(PD20) which caused a decrease of FEV1 by >20% was calculated 
by logarithmic interpolation. The end-of-test criterion was met if 
either FEV1 decreased by >20% or the maximum cumulative 
methacholine dose of 960 μg had been inhaled. The result of the 
MCC was assessed as positive if PD20 was <960 μg. The latest ver-
sions of reference values for spirometry were used [15, 16].

Statistical Analysis
The median and interquartile range were computed for con-

tinuous parameters and counts and percentage for categorical 
variables. The continuous parameter FEF75 was dichotomized us-
ing a cutoff of 65%. Group comparisons were carried out using the 
Mann-Whitney test and the χ2 test as appropriate. Independent 
predictors of AHR, indicated by a positive MCC, were identified 
by multivariate logistic regression modeling entering parameters 
with p < 0.05 in a univariate analysis in a block. Odds ratios with 
their 95% confidence intervals and regression coefficients were 
computed. In order to create a weighted multivariate prediction 

score, points were assigned to each of the elected predictors based 
on the respective regression coefficient multiplied by 10 and 
rounded up or down to the next integer number. An individual 
score value was calculated for each child by summing the weighted 
points of all the predictors. For each predictor, as well as for the 
multivariate score, sensitivity, specificity, a positive predictive val-
ue (PPV), and a negative predictive value (NPV) were determined 
at respective cutoff values, and receiver operating characteristics 
(ROC) curves were constructed. The SPSS software package 25 
(IBM, Armonk, NY, USA) was used for all calculations. p values 
<0.05 were considered significant.

Results

The study population included 123 children (5–18 
years) of which 64 (52%) were male. The MCC was posi-
tive in 81 (65.9%) children indicating the presence of 
AHR. In Table 1, the characteristics of the study popula-
tion are summarized according to the presence of AHR. 
The median age of children with AHR was significantly 
younger at the time of diagnosis compared to those with-
out AHR (9.7 vs. 12.3 years; p = 0.001). The prevalence of 
aeroallergen sensitization in the skin prick test was sig-
nificantly higher in children with AHR when compared to 
those without AHR (35.7% vs. 58.0%; p = 0.019). Subclas-
sification according to individual allergen groups revealed 
for AHR-positive children an elevated incidence of allergy 
to tree pollen (11.9% vs. 37.0%; p = 0.003), animal dander 
(9.5% vs. 27.2%; p = 0.023), and house dust allergy (21.4% 
vs. 44.4%; p = 0.012). For children with tree pollen allergy 
(n = 35), the result of MCC was independent of perform-
ing MCC during or after tree pollen season (p = 0.752).

With regard to admission symptoms, nocturnal cough 
(9.5% vs. 30.9%; p = 0.008), wheezing not associated with 
colds (4.8% vs. 22.2%; p = 0.013), and wheezing associated 
with colds (35.7% vs. 58.0%; p = 0.019) were observed sig-
nificantly more frequently in AHR-positive children 
compared to children without AHR. Combining wheez-
ing symptoms (ever wheezing) resulted in an improved 
significance (40.5% vs. 66.7%; p = 0.005), while signifi-
cance was reduced for combinations of nocturnal cough 
with exercise-induced cough. However, dyspnea and exer-
cise-induced dyspnea, even in combination with other pa-
rameters, did not reach significance. For the spirometry 
items, only a baseline forced expiratory flow at 75% of 
vital capacity (FEF75) <65% was found significantly more 
frequently in AHR-positive children compared to the 
group without AHR (14.3% vs. 30.9%; p = 0.045). The di-
agnostic value of significant parameters in the univariate 
analysis is shown in Table 2.

D
ow

nl
oa

de
d 

by
: C

. A
le

ss
an

dr
i -

 8
72

18
84

.2
20

.1
42

.1
59

 -
 1

2/
25

/2
02

1 
10

:3
3:

40
 A

M



Reinsberg/Siebert/Dreher/Bogs/
Ganschow/Yavuz

Int Arch Allergy Immunol4
DOI: 10.1159/000520670

A comparison of laboratory parameters reveals that 
the percentage of children with a blood eosinophilia 
count over 500/μL was significantly elevated in the AHR-
positive group compared with children without AHR 

(22.8% vs. 2.4%; p = 0.002; N = 80). Also, the median of 
the percentage of blood eosinophilia was significantly 
higher in AHR-positive children compared with the 
group without AHR (5.6% vs. 2.8%; p = 0.004; N = 93).

Table 1. Comparison of demographic and laboratory data according to presence of AHR

Study population 
(n = 123)

AHR positive 
(n = 81)

AHR negative 
(n = 42)

p value

Demographic data
Male sex 64 (52.0) 42 (51.9) 22 (52.4) 0.96
Age at time of diagnosis, years 10.5 (8.0–13.0) 9.7 (7.1–12.0) 12.3 (9.7–14.0) 0.001
Family history of allergic disease 38 (30.9) 24 (29.6) 14 (33.3) 0.67
Family history of asthma 18 (14.6) 12 (14.8) 6 (14.3) 0.94
Family history of hay fever 25 (20.3) 13 (16.0) 12 (28.6) 0.10
Family history of eczema 6 (4.9) 4 (4.9) 2 (4.8) 0.97
Co-existence of 2 or more atopic diseases in family 10 (8.1) 4 (4.9) 6 (14.3) 0.07
Aeroallergen sensitization 62 (50.0) 47 (58.0) 15 (35.7) 0.019

Tree pollen 35 (28.5) 30 (37.0) 5 (11.9) 0.003
Grass pollen 48 (39.0) 36 (44.4) 12 (28.6) 0.09
Animal dander 26 (21.1) 22 (27.2) 4 (9.5) 0.023
Mold 7 (5.7) 5 (6.2) 2 (4.8) 0.75
House dust mite 45 (36.6) 36 (44.4) 9 (21.4) 0.012

Accompanying eczema 25 (20.3) 17 (21.0) 8 (19.0) 0.80
Accompanying allergic rhinitis/conjunctivitis 38 (30.9) 27 (33.3) 11 (26.2) 0.42
Pet ownership 51 (41.5) 36 (44.4) 15 (35.7) 0.35
Smoke exposition at home 13 (10.6) 10 (12.3) 3 (7.1) 0.37

Admission symptoms
Daytime cough 67 (54.5) 49 (60.5) 18 (42.9) 0.06
Nocturnal cough 29 (23.6) 25 (30.9) 4 (9.5) 0.008
Exercise-induced cough 30 (24.4) 23 (28.4) 7 (16.7) 0.15
Co-existence of nocturnal and exercise-induced cough 12 (9.8) 11 (13.6) 1 (2.4) 0.047
Dyspnea 39 (31.7) 28 (34.6) 11 (26.2) 0.34
Exercise-induced dyspnea 60 (48.8) 36 (44.4) 24 (57.1) 0.18
Daytime cough and/or dyspnea 84 (68.3) 60 (74.1) 24 (57.1) 0.06
Exercise-induced cough and/or exercise-induced dyspnea 78 (63.4) 50 (61.7) 28 (66.7) 0.59
Ever wheezing 71 (57.7) 54 (66.7) 17 (40.5) 0.005
Wheezing not associated to colds 20 (16.3) 18 (22.2) 2 (4.8) 0.013
Wheezing associated to colds 62 (50.4) 47 (58.0) 15 (35.7) 0.019

Laboratory parametersa

Peripheral blood eosinophilia count >500/µL 19 (15.4) 18 (22.2) 1 (2.4) 0.002
Peripheral blood eosinophilia 4.0 (2.5–7.0) 5.6 (2.8–8.9) 2.8 (2.2–4.2) 0.004
Serum total IgE 123 (30–355) 150 (36–489) 77 (18–295) 0.07

Spirometry parameters, n (%)
Baseline FEV1 100 (90–109) 100 (90–109) 101 (92–111) 0.49
Baseline FVC 93 (85–105) 93 (82–105) 93 (85–105) 0.84
Baseline FEV1/FVC ratio 100 (89–112) 100 (89–111) 102 (89–117) 0.56
Baseline FEF25 87 (77–98) 87 (77–95) 89 (75–99) 0.70
Baseline FEF50 84 (75–98) 83 (74–97) 89 (80–104) 0.13
Baseline FEF75 78 (64–103) 77 (61–99) 86 (69–110) 0.08
Baseline FEF25 <65% 13 (10.6) 7 (8.6) 6 (14.3) 0.33
Baseline FEF50 <65% 12 (9.8) 10 (12.3) 2 (4.8) 0.18
Baseline FEF75 <65% 31 (25.2) 25 (30.9) 6 (14.3) 0.045

Data are presented as count (%) or median (interquartile range). AHR, airway hyperresponsiveness; IgE, immunoglobulin E; FEV1, forced 
expiratory volume in 1 s; FVC, forced vital capacity; FEFxx, forced expiratory flow at XX percent of vital capacity. a Laboratory parameters 
were available in the study population (AHR+/AHR−) only from 80 (52/28), 93 (61/32), and 95 (62/33) children for peripheral blood 
eosinophilia count >500/μL, peripheral blood eosinophilia %, and serum total IgE, respectively.
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Multivariate logistic regression including age, ever 
wheezing, nocturnal cough, tree pollen allergy, and FEF75 
<65% confirmed that all parameters chosen are indepen-
dent predictors of the occurrence of AHR. In Table 3, the 
results of multivariate analysis are summarized. Multi-
variate prediction score values, weighted as described in 
the Methods section, were calculated for each child as fol-
lows: individual score value = 14 × tree pollen allergy (yes 
= 1, no = 0) + 11 × ever wheezing (yes = 1, no = 0) + 13 × 
nocturnal cough (yes = 1, no = 0) + 11 × FEF75 <65% (yes 
= 1, no = 0) − 2 × age (5–18 years) + 36. The last summand 
was added to get only positive score values ranging from 
0 to 75 points. The individual score values calculated for 
our patients ranged from 3 to 61 with a median (inter-
quartile range) of 32 (19–41). The risk of the occurrence 

of AHR increased with the score value. In Table 4, the test 
characteristics of the multivariate score at various cutoff 
points are summarized. At a cutoff point of 35, the pres-
ence of AHR is predicted with a specificity of 90.5% and 
a PPV of 91.5%. At a cutoff point of 15, the sensitivity 
reaches >90%. The ROC curve displaying sensitivity and 
specificity of score with ascending cutoff points is shown 
in Figure 2. The area under the curve was 0.813.

Discussion

In the present study, we identified several factors as-
sociated with the occurrence of AHR in children. With 5 
of these factors, we constructed a weighted multivariate 

Sensitivity, 
%

Specificity, 
%

NPV, 
%

PPV, 
%

Tree pollen allergy 37.0 88.1 42.0 85.7
Ever wheezing 66.7 59.5 48.1 76.1
Nocturnal cough 30.9 90.5 40.4 86.3
FEF75 <65% 30.9 85.7 39.1 80.6

FEF75, forced expiratory flow at 75% of vital capacity; NPV, negative predictive value; 
PPV, positive predictive value.

Odds ratio p value Regression 
coefficient

Points in 
prediction scorea

Age at time of diagnosis 0.83 (0.72–0.95) 0.008 −0.189 −2
Tree pollen allergy 4.16 (1.33–13.03) 0.014 1.425 14
Ever wheezing 2.87 (1.20–6.91) 0.018 1.056 11
Nocturnal cough 3.56 (1.02–12.42) 0.046 1.271 13
FEF75 <65% 3.08 (1.04–9.13) 0.043 1.123 11

Odds ratio is presented with 95% confidence interval. FEF75, forced expiratory flow at 
75% of vital capacity. a Points were calculated based on regression coefficients multiplied 
by a factor 10 and rounded off to the next integer number.

Cutoff point Sensitivity, 
%

Specificity, 
%

NPV, 
%

PPV, 
%

>15 91.4 38.1 69.7 74.0
>25 80.2 66.7 63.6 82.3
>35 53.1 90.5 50.0 91.5
>45 24.7 97.6 40.2 95.2

NPV, negative predictive value; PPV, positive predictive value.

Table 2. Diagnostic performances of 
variables elected by univariate analyses

Table 3. Results of multivariate analysis

Table 4. Test characteristics of multivariate 
prediction score at various cutoff points
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score to predict the presence of AHR in children suspect-
ed of having asthma but without an obstructive pattern in 
spirometry.

Association of Allergy, Atopic History, and 
Eosinophilia with AHR
Several studies have identified a personal history of 

having an allergy to various antigens as a risk factor for 
AHR [4, 17–19]. Tree pollen, especially, has been de-
scribed as an important allergen in this context [20], while 
no association could be verified in relation to mold sen-
sitization [20, 21]. In accordance with previous studies, 
we found an association of AHR with general skin test 
positivity as well as with sensitization to most aeroaller-
gens, except mold, and where tree pollen sensitization 
reached the highest significance level. This high signifi-
cance might be due to the specific local environment. The 
birch tree is widely spread in Germany and has emerged 
as a common allergen in children with allergic rhinitis 
and asthma [22].

In contrast, in an earlier study including children who 
were also without an obstructive pattern in spirometry, 
no significant relationship between personal allergy and 
the presence of AHR was detectable [10]. However, un-
like the earlier study, in the present study, patients with 

predominantly exercise-induced symptoms were exclud-
ed. The symptoms of the patients in our study group oc-
curred mainly when they were at rest and were frequent-
ly triggered by allergens. Thus, it can be assumed that in 
the present study, there are more patients with allergies, 
supported by the higher percentage of sensitized children 
compared with the previous study (51.2% vs. 43.6%). 
Correspondingly, a stronger association between allergy 
and AHR can be expected. Especially in atopic patients, 
the MCC is accepted as a highly sensitive tool to detect 
AHR [23].

A family history of atopy has also been described by 
some authors as associated with AHR [24, 25], while oth-
ers could not confirm such a relationship [26]. Although 
our data did not show a significant relationship of atopic 
family history with AHR, co-existence of 2 or more atop-
ic diseases in the family nearly reached significance. In 
general, it is difficult to evaluate the influence of a genet-
ic history because subjective measures might lead to over-
estimating the risk from family history. So, it can be as-
sumed that parents suffering from respiratory symptoms 
would be more likely to recognize symptoms in their chil-
dren and consult a physician [26, 27].

In accordance with the results of previous studies, we 
identified an association between high eosinophilia 
counts and AHR [10, 19, 28]. Unfortunately, our database 
of eosinophilia was incomplete, and therefore it was not 
included in the multivariate analysis.

Association of Asthma-Like Symptoms with AHR
Wheezing was identified in several studies as the most 

sensitive single symptom for asthma [17, 25] and was also 
included in many scores developed for the prediction of 
asthma [29]. An interrelation between wheezing associ-
ated with colds, AHR, and asthma has been reported [24, 
30]. Likewise, several studies reported that nocturnal 
symptoms, and particularly nocturnal cough, are related 
to a decreased lung function as well as to a higher mortal-
ity of patients suffering from asthma [31].

Nocturnal cough is highly prevalent in adult patients 
with asthma [32], and a high frequency of nocturnal 
cough is shown to be significantly related to the presence 
of AHR [33]. While our findings confirm the importance 
of wheezing and nocturnal cough as predictors of AHR, 
Yavuz et al. [10] found that, in spite of a quite similar pa-
tient selection, there is neither a significant association of 
AHR with wheezing nor with nocturnal cough. They ob-
served significance only for the co-existence of nocturnal 
and exercise-induced cough, a combination with reduced 
significance in our study.

0

0.2

0.4

0.6

0.8

1.0

0 0.2 0.4 0.6 0.8 1.0

Se
ns

iti
vi

ty

1 – specificity

Fig. 2. Receiver operating characteristic curve of the multivariate 
prediction score for the presence of AHR. The area under the re-
ceiver operating characteristic curve was 0.813. AHR, airway hy-
perresponsiveness.
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Several studies have reported a negative association 
between AHR and dyspnea which might be due to a 
worse perception of breathlessness [10, 34]. The preva-
lence of dyspnea was also more frequent in children 
without AHR, however without reaching significance. 
Nevertheless, findings reported in the literature for sin-
gle admission symptoms related to AHR and asthma 
seem to be inconsistent, probably due to a wide variabil-
ity.

Association of Spirometry Findings with AHR
FEV1 reflects mainly the functioning of the large and 

medium airways [35], whereas FEF represents the func-
tioning of the medium-sized and small airways [35–37]. 
There are several studies observing the important role of 
FEV1 in predicting AHR [17, 19, 38]. After excluding chil-
dren with an obstructive pattern in spirometry, FEF be-
comes more important, and FEV1 has been reported to 
lose its significance [10, 37]. Thus, FEF might have a pos-
sible role in the prediction of AHR, particularly in pa-
tients with a normal FEV1 and FEV1/FVC ratio [36, 37]. 
However, the predictive value of FEF for AHR is contro-
versial. While some authors found a significant associa-
tion of FEF values, especially of a forced mid-expiratory 
flow between 25% and 75% of vital capacity (FEF25–75%), 
with AHR in patients with normal FEV1 [36, 37, 39], oth-
ers did not [40, 41]. This inconsistency may be due, at 
least, to the fact that some studies also included other dis-
eases like cystic fibrosis [40, 41]. In our population, none 
of the spirometry variables recorded at baseline were sig-
nificantly associated with AHR. However, after dichoto-
mizing the FEF values at a cutoff of 65%, as proposed by 
others [36, 37], the role of FEF75 <65% in predicting AHR 
became significant.

Association of Age with AHR
In this study, we found a negative association between 

age at time of diagnosis and presence of AHR. Also, in 
multivariate analysis, age remained a strong predictor of 
AHR. Our results were in accordance with several studies 
that report a relationship between age and AHR in chil-
dren [19, 39, 42]. But, the relationship with age seems to 
be multifaceted. Obviously, pathophysiologic processes 
determining AHR alter with age [38] as well as with the 
duration of disease [43], and the predictive value of some 
variables changes depending on age [19]. An additional 
influence of age might be due to the considerable growth 
rate of children leading to the application of a larger dose 
in young children related to body size [39].

Prediction of AHR by a Multivariate Score
Admission symptoms related to AHR and asthma 

have a wide variability, and the diagnostic role of a single 
symptom is limited. The combination of single items can 
improve the power of prediction [10, 29]. We combined 
the 5 items, extracted by multivariate analysis as indepen-
dent predictive factors, to construct a weighted multivar-
iate score which reached an area under the curve >0.7 
which is acceptable for a prognostic model [44]. In con-
trast to the previously established predictive scores like 
the asthma predictive index (API), we aimed for the diag-
nosis of current asthma and not for the prediction of the 
development of asthma in later life [29]. This algorithm 
could allow a reliable identification of those patients with 
an increased probability of AHR and where an extended 
diagnostic using MCC might be helpful. For this intent, a 
cutoff point of 15 with a sensitivity higher than 90% 
should be useful. This preselection might be helpful to 
prevent for some children the mental stress and even the 
exhaustion of such patients caused by the severe symp-
toms induced by the performance of the MCC.

Limitations
The comparability of our study population recruited 

from a specialized tertiary center for pediatric allergy is 
limited. We included only children with asthma-like 
symptoms and without obstructive pattern in spirometry. 
We also excluded patients with exercise-related leading 
symptoms. Due to these exclusion criteria, only patients 
with certain conditions could be recruited onto the study. 
In view of the high impact of tree pollen allergy – espe-
cially birch pollen – it could be difficult to use this score 
in other regions with different pollen profiles.

A potential weakness of our study, which is related to 
its retrospective design, seems to be the correct assess-
ment of dyspnea, especially when the patient does not 
present dyspnea signs at the time of admission. However, 
our findings are extracted from a real-life setting, and it 
represents the routine diagnostic procedures. The large 
sample size is another strength of our study.

Conclusion

We identified tree pollen allergy, nocturnal cough, 
wheezing, a FEF75 <65%, and a younger age as significant 
predictors of AHR. Combining these predictors in a 
weighted multivariate score improved the diagnostic val-
ue. This score might be used in children suspected of hav-
ing asthma, but without an obstructive pattern in spirom-
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etry, to identify those who probably will show a positive 
response to the MCC as well as to substantiate the result 
of the MCC. Further studies are needed to confirm the 
predictive value of this score and the benefit in clinical 
practice.
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