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Background  A free running asthma screening test is usually used for screening exercise-induced bronchoconstriction. 
The total serum allergen IgE level can reveal the patient’s atopy characteristics. Our study is to evaluate the diagnostic 
values of the combination of the two tests in asthmatic children and compare this new diagnostic method with the 
International Study of Asthma and Allergies in Childhood (ISSAC) questionnaires and the bronchial provocation test, which 
are popular diagnostic tool for pediatric asthma. 
Methods  A total of 773 school children were recruited in this study. The children’s asthma was diagnosed by means of 
a combination of the free running asthma screening test and total serum allergen IgE level. The new diagnostic method 
value was assessed using receiver operating characteristic (ROC) curves and compared with other diagnostic tools such 
as ISSAC questionnaires and the bronchial provocation test.
Results  The AUC of this new diagnostic method was higher than 0.9. When the cut-off value of total serum allergen IgE 
level was ≥47 KU/L, the sensitivity and the specificity were 71.4% and 85.1%, respectively, which were better than those of 
either the ISSAC questionnaires or bronchial provocation test. 
Conclusion  The combination of the free running asthma screening test and total serum allergen IgE level may be an 
effective diagnostic tool for children’s asthma.
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When a large scale survey for the incidence of 
children’s asthma is conducted, questionnaires are 

usually employed, as they are easy to use. However, the 
results of questionnaires are mainly based on the subjective 
feelings of the respondents, and some asthma patients are 
not diagnosed in time,1 which leads to under treatment. 
To improve the early diagnostic accuracy of children’s 
asthma, i.e. to improve the sensitivity of the diagnostic 
methods, specialized methods such as the bronchial 
provocation test (BPT) are usually needed. Because these 
methods require professional devises and enough space, 
and are time-consuming, they are not suitable for large 
scale epidemiologic surveys. In our previous study on 
the incidence of exercise-induced bronchoconstriction 
(EIB) among children,2 we occasionally found that 
the combination of the free running asthma screening 
test and total serum allergen IgE level can be used to 
diagnose children’s asthma. The aim of this study was to 
investigate the diagnostic value of this new method for 
detecting children asthma and comparing it with other 
diagnostic tools such as the International Study of Asthma 
and Allergies in Childhood (ISSAC) questionnaire and 
bronchial provocation test.

METHODS

Participants
A total of 789 students were recruited from two schools 
in Beijing, China. Informed consents were obtained from 

all the participants themselves, their parents and teachers 
before joining the study.  

Study design and protocol
Surveys of the incidence of children’s asthma by means of 
the ISSAC phase I questionnaires3

The core of the questionnaire survey of the internationally 
popular ISSAC phase I questionnaires was used (Written 
Questionnaire, WQ), the ISAAC WQ includes the 
following six questions: WQ 1. Have you ever had 
wheezing or whistling in the chest at any time in the past? 
(wheeze ever); WQ 2. Have you had wheezing or whistling 
in the chest in the last 12 months? (current wheeze); WQ 
3. In the last 12 months, has your chest sounded wheezy 
during or after exercise? (wheezing after exercise); WQ 
4. In the last 12 months, how often, on average, has your 
sleep been disturbed due to wheezing? (nocturnal wheeze); 
WQ 5. In the last 12 months, have you had a dry cough at 
night, apart from a cough associated with a cold or chest 
infection? (nocturnal cough); WQ 6. In the last 12 months, 
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has wheezing ever been severe enough to limit your speech 
to only one or two words at a time between breaths? (severe 
wheeze). First, the participants finished the questionnaires 
independently in the classroom. Then, the uniformly trained 
surveyors answered a variety of questions raised by the 
participants but did not provided any cue interpretations. 
The responded rate was calculated as the number of 
participants with asthma symptoms divided by the total 
investigated participants. The ISSAC questionnaires survey 
was conducted for all the investigated children indoor. The 
incidence of asthma was calculated based on the surveyed 
results.    
  
Survey of the incidence of children’s asthma by combination 
of free running asthma screening test and total serum 
allergen IgE level 
After the ISSAC questionnaire survey was finished, the free 
running asthma screening test (FRAST) was performed 
for all the participants in an outdoor environment. 
The environmental temperature was 10oC−15oC and 
the environmental humidity was 10%−20%. Before 
the FRAST started, all the participating children were 
measured for peak expiratory flow (PEF) three times, 
and the maximal data was recorded. After PEF data was 
recorded, the running test was performed without any 
warming up activities. The running test was carried out at 
competition speed. The male participants ran 1000 meters 
and female participants ran 800 meters. PEF measurement 
was conducted at 0, 5, 10, 15, 20, 25 and 30 minutes after 
exercise ended. When the PEF data decreased by 15% or 
more as compared to before FRAST, the FRAST results 
were regarded as positive. For the participants with positive 
FRAST results, their blood samples were drawn for 
measurement of total serum allergen IgE levels. The IgE 
levels were measured with the Unicap100 CAP allergen 
test system (Sweden) according to the standard protocol. 
Total serum allergen IgE levels less than 60 KU/L were 
regarded the normal levels. In order to avoid interference 
from intestinal parasite infection with total serum allergen 
IgE levels, all the participants whose total serum allergen 
IgE levels were higher than 60 KU/L were examined for 
the presence of parasite eggs in their excrement. 

Survey of the incidence of children’s asthma by using the 
standard asthma diagnostic method
For all the participating children whose total serum allergen 
IgE levels were higher than 60 KU/L or whose FRAST 
results were positive, they were investigated in detail using 
the diagnostic criteria of the Guidelines of the Diagnosis 
and Treatment for Children’s Asthma.4 Those participants 
who showed typical clinical symptoms were diagnosed 
as having asthma. Those participants who did not show 
typical clinical symptoms of asthma were further measured 
by the bronchial provocation test (BPT). The BPT was 
conducted with Astograph Bronchial Provocation Test 
equipment (CHEST Ltd, Japan). Those participants who 
had a wheezing history and/or had positive BPT results 
were diagnosed as having asthma. 

Statistical analysis
SPSS10.0 (SPSS Inc., USA) was used to perform statistical 
analysis. The measured data of the total serum allergen IgE 
levels were used as the critical points, the corresponding 
sensitivity at each critical point was used as the vertical 
(y) axis and the 1−specificity as the horizontal (x) axis, 
and the ROC curve was plotted. The areas under the curve 
(AUC) for different critical points, the sensitivity, the 
specificity and the positive likelihood ratio were calculated 
and compared. The point located at the left upper corner 
when the corresponding AUC reached maximal value was 
selected as the optimal cut-off value. 
                       

RESULTS

General information
A total of 789 students (11 to 13 year old) were recruited 
to participate in this study. According to inquiry results, 
24 children (14 females and 10 males) had past case 
histories of wheezing and allergic rhinitis, with symptoms 
that occurred intermittently, and medicines that were not 
regularly taken. Sixty-five children (36 females and 29 
males) had case histories of suspected allergic rhinitis. 
Considering the safety and the accuracy of the study data, 
six children with persistent wheezing symptoms and 10 
children with case histories of respiratory tract infection 
within the last two weeks were excluded from this study. 
Thus, 773 children actually participated in this study (Table 
1).

ISSAC questionnaires
Among 773 children, 19 children indicated they had 
wheezing symptoms within the past two years. The 
incidence of asthma was 2.5% (19/773). 

Combination of free running asthma screening test 
(FRAST) and total serum allergen IgE level
Seventy-two children had a positive FRAST result, 
accounting for 9.3% of the total tested children (72/773). 
Among these 72 children, there were 13 children whose 
total serum allergen IgE level was higher than 60 KU/L, 
accounting for 1.7% of the total tested children (13/773). 
There were no eggs from intestinal parasites detected in 
excrement from these 13 children. Based on these data, the 
incidence of asthma was 1.7% (13/773).

Standard diagnostic method
Among 81 children who were identified from a positive 
FRAST result and ISSAC result, 14 children were 
diagnosed with asthma according to their wheezing history 

Table 1. The primary characteristics of the investigated children 
(n=773) 

Primary characteristics Results
Age (range) (Years) 12 ± 1(10−13)
Sex: male (female) 389 (384)
Children who had case history of wheezing and 
  allergic rhinitis: male (female)

10 (14)

Children who had case history of suspected
  allergic rhinitis: male (female)

29 (36)
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and bronchial provocation test result, the incidence of 
asthma was 1.8% (14/773).  

Comparison between combination of FRAST and total 
serum allergen IgE level with ISSAC questionnaires 
The data shown in Table 2 and Figure 1 indicated that 
the AUC of the ROC curve from the combination of 
FARST and total serum allergen IgE level in the diagnosis 
of children with asthma was 0.909. The difference was 
statistically significant as compared to the value of 0.5 
(P<0.001). With this method, the accuracy in diagnosis 
of children’s asthma was relatively high (AUC >0.9). 
According to the statistic result, at the cutoff point of 
46.750, the value of the corresponding correct diagnostic 
co-efficiency was maximal: the Youden co-efficiency 
was 0.742 (0.857−0.105) and the corresponding values 
for sensitivity and specificity were 85.7% and 89.5%, 
respectively. The value of the total serum allergen IgE 
levels may be the best diagnostic boundary point. 

DISCUSSION

The diagnosis of children’s asthma is mainly dependent 
on the typical symptoms, for those patients without typical 
symptoms, the bronchial provocation test is the objective 
criteria. However, the bronchial provocation test requires 
precision equipment, trained operators and enough space, 
and is relatively difficult to apply in epidemiological studies. 
So the questionnaires are usually used for epidemiological 
investigation of children’s asthma5 because of simplicity 
and convenience. ISSAC is a unique worldwide 
epidemiological academic organization established in 1991. 
The purpose of ISSAC is to promote the cross sectional 
study and international cooperation on epidemiology and 

pathogenesis of such allergic diseases as asthma, rhinitis 
and eczema in youngsters. ISAAC questionnaires are the 
standardized questionnaires that are applied to assess the 
international and inter-regional differences in the morbidity 
rate of asthma and other allergic diseases among different 
countries and regions. The sensitivity and specificity of 
ISSAC questionnaires have been confirmed.6 ISSAC 
have developed simple instruments that are suitable to 
be applied in an epidemiologic survey in a large scale of 
population study, and have been widely used around the 
world.7-9The ISAAC study design comprises three phases. 
Phase I is a compulsory core study designed to assess the 
prevalence and severity of asthma and allergic disease in 
defined populations. Phase II was developed to investigate 
possible etiological factors. Phase III provides summarized 
information on the main findings of the study, regional 
tables and figures related to the prevalence and severity 
of current symptoms of asthma, rhinoconjunctivitis and 
eczema in the main regions of the world. The ISSAC 
Phase I questionnaire was used to assess the prevalence of 
children’s asthma in our study.

Currently,  ISSAC questionnaires are commonly 
recommended for epidemiologic survey of children’s 
asthma.10 However, parts of the studies have pointed 
out the limitations of this method. A study in 199611 
demonstrated that with ISSCA questionnaires for diagnosis 
of children’s asthma, the sensitivity was 0.85 (0.73 to 
0.93) and the specificity was 0.81 (0.76 to 0.86), which 
was superior to the bronchial provocation test whose 
sensitivity was only 0.54. But, when ISSAC questionnaires 
were used in association with the bronchial provocation 
test for diagnosis of children asthma, the specificity was 
0.94 although the sensitivity was only 0.47, which was 
quite low. Another study conducted in 200312 indicated 
that ISSAC questionnaires solely applied for diagnosing 
children’s asthma were not good enough; their sensitivity 
was 64% but its specificity was only 11%. It was suggested 
that it was better to apply ISSAC questionnaires after 
the participant’s allergic disease has been confirmed. 
The ISSAC questionnaires are of two types: written 
questionnaires (WQ) and audiovisual questionnaires 
(AVQ); WQ are used in the majority of studies, including 
ours. According to a report, parent-reported ISAAC WQ 
may underestimate the prevalence of children’s asthma 
compared with the AVQ.13 All these results indicate that 
ISSAC questionnaires, especially the widely used ISAAC 
WQ is unsatisfactory.

Exercise-induced bronchoconstriction (EIB) is a temporary 
reduction of pulmonary ventilation function after a vigorous 
exercise in children with asthma. The patients usually have 
oppression in the chest, hard breathing and even cough 
after vigorous exercise.4 The EIB incidence accounts for 
as much as 40% to 90% of the total asthma in children and 
is frequently related to the patient’s vigorous activity.14 
Currently, the exercise challenge test is the most commonly 
diagnostic method for EIB.15 The exercise challenge test 
can be classified into indoor type and field type; the indoor 

Table 2. The sensitivity and specificity of different boundary values 
of total serum IgE levels 

Boundary value of total 
serum allergen IgE level (KU/L)

Sensitivity (%) Specificity (%)

30.2 92.9 64.9
35.6 85.7 78.9
41.4 85.7 82.5
46.8 85.7 89.5
56.4 71.4 91.2
62.4 64.3 93.0

Figure 1. The ROC curve for asthma diagnostic values of 
combination of FRAST and total serum allergen IgE level.  
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type needs a complicated procedure and equipment and 
shows a high percentage of negative results.2,16 The field 
type,17 FRAST, does not require specific space or devices 
and can be used in a large scale epidemic survey. Previous 
studies18,19 indicated that FRAST had a good correlation 
with both ISSAC questionnaires and bronchial provocation 
test for asthma diagnosis. FRAST is fit for diagnosis of 
children’s asthma with a sensitivity of 58%−77% and 
a specificity of 60%−77%. The pulmonary functional 
criterion used for FRAST is forced expiratory volume 
(FEV1) and its stability is better than that of PEF.20

However, due to the limitation of equipment for FEV1 in 
our study, we used PEF instead of FEVI as the pulmonary 
functional criterion. In our previous study,2 we found that 
many children who had positive FRAST results lacked 
atopy characteristics and typical asthma symptoms. In 
order to assure the diagnostic accuracy of FRAST, we 
tried to combine an atopy factor, which was quantified by 
total serum allergen IgE level, with FRAST. Compared 
with ISSAC questionnaires, combination of FRAST and 
the total serum allergen IgE level have a similar degree 
of operational complexity and specificity (99.75% vs. 
98.9%), and a slightly higher sensitivity (78.6% vs. 71.4%). 
However, this combination method also requires specific 
equipment. 

Comparisons of several methods used for diagnosis of 
children’s asthma21 (Table 3) indicated that questionnaires, 
the bronchial provocation test, FRAST, and even a 
combination of questionnaires and FRAST have been 
used, but none of these have satisfactory sensitivity. This 
means that some children may not be diagnosed and treated 
in time. Our new method has an obvious advantage over 
others methods in the sensitivity. The combination of the 
free running asthma screening test and total serum allergen 
IgE level may provide a new diagnostic method for 
determining asthma in children. The value of this diagnostic 
method needs to be verified through a much larger scale 
clinical study.     
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