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Abstract

Background: Unlimited physical activity is one of the key issues of 
asthma control and management. We investigated how reliable re-
ported exercise-related respiratory symptoms (ERRS) are in predict-
ing exercise-induced bronchoconstriction (EIB) in asthmatic children.

Methods: In this prospective study, 179 asthmatic children aged 7 
- 15 years were asked for specific questions on respiratory symp-
toms related to exercise and allocated into two groups according to 
whether they complained about symptoms. Group I (n = 134) con-
sisted of children answering “yes” to one or more of the questions 
and group II (n = 45) consisted of children answering “no” to all of 
the questions.

Results: Sixty-four of 179 children showed a positive exercise chal-
lenge test (ECT). There was no difference in the frequency of a posi-
tive test between children in group I (n = 48) and group II (n = 12) 
(P = 0.47). The sensitivity of a positive report for ERRS to predict a 
positive ECT was only 37%, with a specificity of 0.72.

Conclusion: According to current guidelines, the report or lack of 
ERRS has direct consequences on treatment decisions. However, 
the history of ERRS did not predict EIB and one-third of asthmatic 
children without complaints of ERRS developed EIB during the 
ECT. This raises the question of the need for objective measures of 
bronchial hyperresponsiveness (BHR) in pediatric asthma manage-
ment.

Keywords: Exercise-induced asthma; Exercise-induced broncho-
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Introduction

The hallmarks of asthma are chronic airway inflammation, 
bronchial hyperresponsiveness (BHR) and variable airway 
narrowing. A variety of stimuli are known to trigger broncho-
constriction in patients with asthma such as allergens, envi-
ronmental irritants, cold air [1]. Approximately 80% of asth-
matic children develop bronchoconstriction during or after 
strenuous exercise [2]. Cough, wheeze, shortness of breath 
and chest tightness in association with physical exercise are 
symptoms patients may report [3, 4] and in a portion of asth-
matic children, these symptoms limit the ability to exercise. 
Unlimited physical activity is one of the key issues of asthma 
control as stipulated in current guidelines [5] and the evalua-
tion of the level of asthma control is increasingly recognized 
as a critical aspect of the management of the disease. When 
assessing asthma control, physicians have to rely on the re-
port of symptoms by the child and/or parents as patients and/
or parents do not perceive control but symptoms [6, 7]. The 
available data on the relationship between reported exercise-
related respiratory symptoms (ERRS) such as breathlessness 
or dyspnea and the magnitude of bronchoconstriction after an 
exercise test in the laboratory are very controversial. Some 
authors have shown that ERRS are predictive for exercise-
induced bronchoconstriction (EIB) [8, 9], whereas others 
found no or a poor relationship between the reported ERRS 
and the results of specific exercise testing [10-14]. Several 
recent studies have shown a poor predictive value for the 
asthma control test (ACT) or the asthma control question-
naire (ACQ) in predicting EIB in asthmatic children with a 
high percentage of children showing a positive EIB test de-
spite reporting well-controlled asthma according to the ACT 
or ACQ [15-17]. One factor confounding these relationships 
is that the symptoms reported in EIB are similar to symptoms 
of exercise intolerance secondary to poor cardiovascular con-
ditioning, obesity, and vocal cord dysfunction, among others 
[18]. As EIB is an index of BHR in asthma, the objective 
assessment of EIB by means of a formal exercise test may 
therefore lead to a more appropriate evaluation of asthma 
control [19].

The aim of this study was to investigate the frequency of 
EIB in children treated according to current treatment guide-
lines [20] and to assess differences between children reporting 
symptoms during physical activity and those not reporting any 
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ERRS.

Materials and Methods

Subjects

In this prospective, non-randomized study, 179 consecutive 
asthmatic children (73 females, aged 10.6 ± 2.6 years (mean ± 
SD)) were recruited from the Allergy and Asthma Outpatient 
Clinic of Cukurova University, Adana, Turkey over the period 
of 1 year. All patients had a previous asthma diagnosis, con-
firmed by one of the attending respiratory physicians accord-
ing to international guidelines [20].

At the time of a scheduled visit, patients were invited to 
participate in the study and upon agreement, informed consent 
was obtained from parents and children, where appropriate. 
All patients had clinically stable asthma without emergency 
visits, hospitalizations or oral systemic corticosteroid use in 
the 3 months prior to the exercise test.

Additional exclusion criteria were: loss of asthma control 
requiring change of treatment and/or use of short-acting beta-
agonists on an as needed basis of ≥ 3 times a week and/or a res-
piratory tract infection within the previous eight weeks, known 
chronic lung diseases other than asthma, cardiac disease and 
neuromuscular or orthopedic co-morbidities, that precluded 
adequate exercise testing or inability to perform reproducible 
lung function.

Five questions regarding specific exercise-related asthma 
symptoms in the previous 8 weeks were asked to all patients 
(Table 1).

Somewhat technical terms such as wheezing and dyspnea 
were explained to patients and parents in lay language as usu-
ally done in the clinics. Wheezing was explained as a whistling 
expiratory noise and dyspnea as difficulty in breathing or short-
ness of breath. Children were always asked if they understood 
all questions and more detailed explanations were given when 
needed. In addition, skin prick tests (SPTs) were performed. 
All of the subjects were invited to perform a treadmill exercise 
challenge test (ECT) within the following week which was con-
ducted by an investigator (DI) who was blinded to any clinical 
information. Parents and patients were instructed to withhold 
short- and long-acting beta-2-agonists for at least 24 h and leu-
kotriene receptor antagonists for 7 days prior to the test date.

The study was approved by the local ethics committee and 
parental consent was obtained for all study participants.

ECT and lung function evaluation

Following suitable instruction, baseline spirometry was per-
formed (model Masterlab, Jaeger, Wuerzburg, Germany) while 
seated and wearing nose clips. The best forced expiratory vol-
ume in 1 s (FEV1) value of three maneuvres was expressed as 
percentages of reference values reported by Zapletal et al cor-
rected for age, sex, and height [21]. The ECT was performed if 
FEV1 was > 75% of predicted values.

After detailed explanation of the procedure, ECT was per-

formed according to American Thoracic Society guidelines 
[22]. The laboratory was air-conditioned (19 - 21 °C; relative 
humidity < 50%). Children were exercised on a computer-con-
trolled motor-driven treadmill (Tunturi® T-Track Gama 300 
Treadmill, Turku, Finland). A technician and physician in at-
tendance were immediately available with resuscitation equip-
ment. Heart rate was monitored using Polar Electro 31 Coded 
(Polar Electro OyProfessorintie 5, Kempele, Finland).

During the first 2 min of exercise, treadmill slope progres-
sively increased to 10% and speed was gently increased until 
the subject reached 85% of maximal heart rate for age (220 - 
age (years)). This exercise load therefore continued for 6 min, 
adjusting the speed to maintain the required heart rate.

Spirometry was repeated 1, 5, 10, 15, 30, 45, and 60 min 
after the exercise challenge. Maximum percentage fall in FEV1 
after the exercise test was calculated as: (pre-exercise FEV1 - 
minimum post-exercise FEV1)/pre-exercise FEV1 × 100%. A 
positive response was defined by a fall in post-exercise FEV1 
of ≥ 15% from baseline.

SPTs

SPT was performed on the volar surface of one forearm with 
common allergens including house dust mites, aspergillus mix, 
tree mix, grass mix, and fungi (alternaria and cladosporium), 
and cockroach (ALK-Abello, Horsholm, Denmark). A positive 
SPT was defined as a wheal with a mean diameter of at least 3 
mm greater than the saline control in the presence of a positive 
histamine reaction after 15 min.

Statistical analysis

Statistical analyses were performed using SPSS for Windows 
(IBM SPSS Statistics Version 20). Normally distributed data 
were presented as mean ± standard deviation (SD). Differenc-
es between the two groups were analyzed by unpaired t-test. 
Differences in categorical variables between the two groups 
were analyzed by the Chi-squared test. Correlation analyses 
were performed using the Pearson correlation coefficient. The 
significance level was set for 5%.

Results

According to the answers to the questions regarding ERRS, chil-
dren were divided into two groups. Group I (n = 134, mean age 

Table 1.  Questions That Were Asked to the Children for Exer-
cise-Related Symptoms

Q1 Do you have cough during or after exercise?
Q2 Do you have wheezing during or after exercise?
Q3 Do you have dyspnea during or after exercise?
Q4 Do you have chest tightness during or after exercise?
Q5 Do you have chest pain during or after exercise?
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± SD, 10.6 ± 2.46 years) consisted of children answering “yes” 
to one or more of the questions. These children are further re-
ferred as “symptomatic during exercise”. Group II (n = 45, 10.3 
± 2.03 years) consisted of children answering “no” to all of the 
questions. These children are further referred as “asymptomatic 
during exercise”. Clinical characteristics are reported in Table 2.

Among the 179 children, 163 completed the exercise test 
reaching the target heart rate and requested time. In five chil-
dren, the exercise test was stopped earlier due to the develop-
ment of chest tightness or cough (three from group I and two 
from group II, respectively). As none of these patients showed 
a significant decrease in FEV1 after the ECT, the reported 
symptoms during the ECT were considered not being associat-
ed with EIB. These children were therefore excluded from the 
final analyses. Eleven children did not reach the target heart 
rate but were still included for analysis as they appeared to be 
exerting maximum effort while running with 15% fall in FEV1 
(seven in group I and four in group II, respectively).

A total of 60 children (34.5%) had a positive challenge test 
(ΔFEV1 ≥ 15%). No differences were found for the frequen-

cy of a positive exercise test between children of group I and 
those without complaints of exercise-related symptoms (group 
II) (36.6% and 27.9%, respectively; P = 0.34). The maximal 
fall in FEV1 was similar in both groups (P = 0.13) and the time 
to maximal fall in FEV1 after exercise was not different in the 
symptomatic and asymptomatic subjects (P = 0.24) (Fig. 1).

During the exercise test, 20 (11.4%) children developed 
symptoms such as breathlessness, cough, wheezing, chest pain 
or tiredness, with no differences between the two groups (P = 
0.78) (Table 3).

In order to investigate for age as a confounder of the re-
sults, hence to test the reliability of the history taken from the 
children, we separately analyzed the children under 11 years 
of age (group I: n = 70; group II: n = 27) and above 11 years 
(group I: n = 61; group II: n = 16). Age had no significant effect 
on the results (P = 0.6 and P = 0.7 for age groups < 11 years and 
≥ 11 years, respectively).

Baseline treatment did not influence these results to a 
significant extent. There was no relationship between inhaled 
corticosteroid (ICS) use (P = 0.78), ICS dose (P = 0.6), the use 
of a leukotriene receptor antagonist (LTRA) (P = 0.16) or a 
combined ICS and LTRA treatment (P = 0.3) and the results of 
the test, nor any significant correlation between ICS use (P = 
0.57) or ICS dose (P = 0.96) and maximal fall in FEV1.

Allergic sensitization was not associated with a higher de-
gree of EIB (P = 0.3 and P = 0.78 for a positive exercise test 
and maximum fall in FEV1, respectively).

The sensitivity and specificity of reported exercise-relat-
ed symptoms to predict a positive test were rather low (0.37 
and 0.72, respectively). Whereas the positive predictive value 
was 80% (0.8), there was a very low negative predictive value 
(0.27).

Discussion

We have shown that the report of ERRS does not reliably pre-

Table 2.  Clinical Characteristics of the Two Groups

Group I 
(n = 134)

Group II 
(n = 45) P value

Age (years) 10.6 ± 2.46* 10.3 ± 2.03 0.5
Gender (female/male) 57/77 16/29 0.4#

Baseline FEV1 (%pred) 96.5 ± 12.7 95.8 ± 11.05 0.7
Regular ICS 41 (30.1%) 7 (15.5%) 0.08#

LTRA treatment 14 (10.4%) 3 (6.6%) 0.16#

Allergic sensitization 114 (85.1%) 28 (62.2%) 0.7#

BMI (kg/m2) 18.8 ± 3.5* 17.9 ± 3.1* 0.31

*Mean ± standard deviation. #Chi-square. ICS: inhaled corticosteroids; 
BMI: body mass index; FEV1: forced expiratory volume in 1 s; LTRA: 
leukotriene receptor antagonist.

Figure 1. Box plots show the maximum fall in FEV1 after exercise challenge test between symptomatic and asymptomatic chil-
dren. The median is the line bisecting the box, the box limits represent 25th and 75th percentiles, and whiskers extend to the 10th 
and 90th percentile. The black dots represent outliers. FEV1: forced expiratory volume in 1 s. 
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dict EIB assessed by a formal ECT. One-third of asthmatic 
children with no complaints of ERRS developed significant 
EIB and almost two-thirds reporting symptoms during physi-
cal activity had a negative exercise challenge.

The degree of asthma control at any particular time period 
has been recognized as a critical aspect of the management 
of asthma. Unlimited exercise capability is an important part 
of asthma control. Several instruments have been developed 
and validated to evaluate asthma control including the ACQ 
[23], the asthma control scoring system (ACSS) [24], the ACT 
[19], the latter being adapted for its use in children [25] and the 
asthma therapy assessment questionnaire (ATAQ) [26]. The 
specific domains for exercise limitation or exercise-related 
symptoms of these questions are summarized in Table 4.

All these instruments including the GINA [20] guidelines 
comprise a domain for exercise limitation and/or exercise-re-
lated symptoms. In addition, questions on exercise limitation 
and ERRS are part of the asthma quality of life questionnaires 
[27]. With the exception of the ATAQ [26], the item regarding 
symptoms or limitation during physical activity is somewhat 
unspecific and limited to the question of exercise or activity 
limitation. In our study, we aimed to assess whether or not 
specific questions on ERRS are predictive of EIB, rather than 

the more general asthma control. Several recent studies evalu-
ated the performance to predict EIB of some of the above-
mentioned instruments in asthmatic children. Rapino et al 
found a similar percentage of EIB in children with complete, 
partial or poor asthma control according to the ACT, i.e. 36% 
of children that report complete asthma control develop EIB 
during a treadmill exercise challenge [17]. Madhuban et al 
found no relationship between the categorical ACQ and the 
occurrence of EIB and a positive challenge test in 41% of 
asthmatic children reporting well-controlled asthma accord-
ing to the ACQ [16]. In another study, Rapino et al showed 
that the ATAQ reflected EIB better than the ACT; however, 
the authors concluded that both the ATAQ and the ACT were 
insufficient to fully evaluate asthma control in children [15]. 
In contrast, Chinellato et al showed a moderately good dis-
crimination power of the total ACT score in relationship to 
EIB [28], and interestingly that the questions on nocturnal 
symptoms were better related to EIB than the questions on 
ERRS. A reason for the inability of these instruments to pre-
dict EIB in asthmatic children could be that the questions on 
ERRS may be relatively unspecific and too general or that the 
children and/or caregiver do not relate the different questions 
to exercise.

Table 3.  Changes in FEV1 Values After Exercise Challenge, Frequency of Symptoms and Positive 
ECT in Two Groups

Group I (n = 131) Group II (n = 43) P value
Maximum % fall of FEV1 -11.09 ± 10.5* -8.11 ± 7.7 0.123
  Positive§ -22.1 ± 8.5 -16.9 ± 5.64 0.055
  Negative -4.72 ± 4.73 -4.3 ± 4.6 0.54
ECT
  Positive§ 48 (36.6%) 12 (27.9%) 0.34#

  Negative 83 (63.4%) 31 (72.1%)
Time to maximum fall FEV1

  1 - 5 min 29 (58%) 5 (31.1%)
  10 - 15 min 10 (20%) 7 (35.7%) 0.24#

  30 - 60 min 11 (22%) 2 (14.3%)
Symptoms during ECT$ 15 (11.4%) 5 (11.6%) 0.8#

*Mean ± standard deviation. #Chi-square. ICS: inhaled corticosteroids; ECT: exercise challenge test. §Fall in 
post-exercise FEV1 of ≥ 15% from baseline. $Breathlessness, cough, wheezing, chest pain or tiredness.

Table 4.  Asthma Questionnaires for Exercise Limitation or Exercise-Related Symptoms [20, 23, 24, 26, 27]

Questionnaire Number of items Question specific to exercise
Asthma control 
questionnaire (ACQ) [23]

6 In general, during the past week, how limited were you in your activities because of your  
asthma

Asthma control scoring 
system (ACSS) [24]

3 + 3 + 1 Limitation of physical activity: none, very few, few, moderate, severe

Asthma control test for 
children (C-ACT) [26]

4 + 3 How much of a problem is your asthma when you run, exercise or play sports?

Asthma therapy assessment 
questionnaire (ATAQ) [27]

3 In the past 4 weeks, did your child have wheezing or difficulty breathing when exercising?

GINA [20] 5 Limitations of activities: none, any
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We did not apply an instrument to assess asthma control in 
our children, as we aimed to assess a specific history of ERRS 
in relation to the outcome of an ECT rather than to evaluate 
asthma control in general. This may be a relevant limitation of 
our study. The poor correlation between self-reported ERRS 
and the results of specific exercise tests has been shown previ-
ously and there is a rather high frequency of false positive and 
false negative results [8, 11-13, 29, 30]. In the study by Panditi 
et al, the severity of ERRS during the precedent week was not 
related to any of the parameters of the EIB test and the parent’s 
perception of ERRS in their children was very poorly related 
to the symptom perception by the children [12]. This is a very 
critical point, as especially in the younger children ERRS are 
frequently reported by the parents.

In children referred with complaints of poorly controlled 
exercise-induced asthma only 15.4% developed EIB in a for-
mal exercise test [30] and EIB explained symptoms only in 
11 out of 117 children who reported exercise-induced dyspnea 
[18]. Our results differ from the latter two studies as we in-
cluded an unselected cohort of stable asthmatic children. The 
study by Abu-Hassan et al [18] included children referred for 
investigation of exercise limitation and the results are there-
fore not comparable to ours. In addition, we used a standard 
EIB-ECT and not a full ergospirometry. Therefore we are not 
able to exclude that some of the patients with a negative ECT 
but a complaint of ERRS may have suffered from co-morbid-
ities such as inducible laryngeal obstruction (ILO), vocal cord 
dysfunction or physical exercise limitation.

Seasonal allergic sensitization is an important modifier of 
the course of asthma and hence asthma control. In our study, 
children were assessed consecutively over 1 year and we found 
no relationship between allergic sensitization as assessed by 
SPT, the season and the report of ERRS or the outcome of the 
EIB test. Similarly, previous asthma treatment did not influ-
ence the results. We cannot exclude that non-compliance or 
non-concordance between reported treatment and actually ap-
plied therapy influenced our findings, as treatment compliance 
was not objectively assessed. In our study, there were no rela-
tionship between the reports of ERRS or the results of the ECT 
and body mass index (BMI), but there were only few over-
weighed children in our cohort.

There are some limitations in our study that have to be 
acknowledged. First, the group of asymptomatic children 
was relatively small as compared to the symptomatic group. 
As there were no obvious trends, we are however, confident 
that the result would not be significantly different with more 
equally distributed groups.

We exercised the children aiming to achieve a heart rate 
of 85% of the calculated maximal heart rate as recommended 
by the ATS [22]. Carlsen et al have shown that an exercise 
load leading to heart rates of 95% of the maximal calculated 
heart rate results in significantly increased number of positive 
tests, and hence, a higher sensitivity [31]. We cannot exclude 
that by using a higher targeted heart rate, more children of the 
symptomatic group would have had a positive challenge test 
but this would very likely have been the same in the asympto-
matic group.

What are the consequences of our results? A complaint 
of regular symptoms during physical activity is considered an 

indicator of insufficient asthma control and recent guidelines 
recommend treatment step up in this case [20]. Based on our 
and published data, there is clear evidence that exercise-relat-
ed symptoms are not predictive for EIB in asthmatic children. 
On the other hand, there is an important portion of children 
developing significant EIB but do not reporting ERRS. One 
could argue that as long as the subject does not feel the bron-
choconstriction during or after exercise, there is no need to 
increase treatment. There are, however two important points 
to be taken into consideration. One is the fact that an increas-
ing number of children and adolescents develop a sedentary 
life style and may therefore not achieve exercise levels leading 
to significant symptoms. This will be misinterpreted as an ap-
parent good asthma control hence treatment might be tapered 
down or stopped. Second, the patients could be poor perceivers 
of airway obstruction and therefore be at higher risk of severe 
asthma episodes [32]. In daily clinical life careful and precise 
history taking may be more realistic than performing EIB tests 
on a regular base for all asthmatic patients. If children com-
plain of ERRS and there is no sufficient response to treatment 
and non-compliance is ruled out, former exercise tests may 
provide a better understanding of the etiology of their symp-
tom and facilitate more appropriate treatment.

In conclusion, the patients’ report of the existence or lack 
of ERRS is not reliable in predicting or ruling out EIB in asth-
matic children. This finding implies a relevant challenge of 
the assessment of asthma control and symptom-based disease 
management recommended by current guidelines.
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