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Abstract
Introduction: Indirect airway challenge tests are commonly used in the diagnostics of exercise-induced bronchoconstriction
(EIB), defined as a post-exercise decrease in FEV1 ≥ 10%. The aim of this study was to evaluate the diagnostic value of
bronchial hyperreactivity tests in the diagnosis of EIB.
Material and methods: Forty-two subjects were allocated into 3 groups: A — 19 steroid-naive asthma patients; D — 11
non-asthma patients reporting symptoms suggestive of EIB (dyspnoea, wheezing, and cough provoked by exercise); and K
— 12 healthy controls. Subjects filled a questionnaire regarding symptoms related to exercise and underwent: inhaled
bronchial challenge to methacholine (Mch), adenosine 5’-monophosphate (AMP), and exercise challenge on a treadmill.
With a cut-off of ≥ 10% and ≥ 15% decrease in FEV1, EIB was diagnosed in 47% and 37% of asthma patients, respectively.
Exercise-induced bronchoconstriction was found in 27% of subjects in group D and in none of the controls, irrespectively of
the FEV1 criterion.
Results: The analysis of the questionnaire revealed that a single symptom cannot be used to predict EIB. Symptoms
occurring after termination of exercise, but not during exercise, characterize EIB more precisely. The analysis showed that
the most useful measure to diagnose EIB can be a combination of bronchial challenge to AMP and typical symptoms of
exercise-induced bronchoconstriction (i.e. dyspnoea, wheezing, and coughing provoked by exercise) with a sensitivity of
70%, specificity of 94%, PPV of 78%, NPV of 91%, and LR of 11.2.
Conclusions: Symptoms suggestive of EIB do not have acceptable sensitivity and specificity for the diagnosis of exercise-
induced bronchoconstriction. The most useful measure to diagnose EIB is the combination of typical symptoms of EIB with a
positive challenge to AMP.
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Introduction

Exercise-induced bronchoconstriction (EIB) is
a transient bronchoconstriction which occurs du-
ring or, more often, after vigorous exercise [1–4].
Some authors distinguish the term of exercise-in-
duced asthma (EIA), which applies to asthmatic pa-
tients with symptoms of bronchoconstriction fol-
lowing physical exercise, and limit the diagnosis

of exercise-induced bronchospasm (EIB) to patients
without other symptoms of asthma [5–7]. Accor-
ding to the 2007 American Academy of Allergy,
Asthma, and Immunology Work Group report, the
frequency of EIA in the general population varies
from 5 to 20% [5] and reaches as much as 90% in
patients with asthma. Exercise-induced broncho-
constriction poses a significant problem in athle-
tes. The prevalence of EIB in athletes participating
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in the summer Olympics ranges from 10 to 20%
and reaches 50–70% in competitive winter sports
athletes (especially cross-country skiing and ska-
ting) [2, 5].

Typical symptoms reported by patients affec-
ted by EIB are: dyspnoea, cough, wheezing, chest
tightness, and shortness of breath. Symptoms usu-
ally appear several minutes after exercise, altho-
ugh in case of prolonged physical activity of me-
dium-intensity they may also appear during the
exertion [5].

In the differential diagnosis of EIB one should
consider, above all, chronic diseases of the respi-
ratory tract and cardiovascular system, gastroeso-
phageal reflux, or hyperventilation syndrome. Poor
physical fitness or overtraining may also raise su-
spicion of EIB, especially in patients with high self-
expectations [5, 6, 8].

According to the Global Initiative for Asthma
(GINA) report, EIB is one of the forms of bronchial
hyperreactivity [10]. Exercise is a physical stimu-
lus causing airway constriction through an indi-
rect mechanism, i.e. through activation of inflam-
matory cells and stimulation of nerve endings that
release proinflammatory mediators and cytokines,
causing bronchial constriction [11].

Diagnosis of EIB is based on demonstrating a
reduction in the forced expiratory volume in 1 se-
cond (FEV1) by at least 10% of the baseline value
after physical exercise performed under control-
led conditions [1, 5, 13]. Some researchers claim
that the criterion of a 15% reduction in FEV1 is
more diagnostic, especially with regard to diagno-
stic tests conducted in the field or for epidemiolo-
gical purposes [1, 13].

Basing the diagnosis of EIB solely on the in-
formation from a patient’s history may lead to
both overdiagnosis as well as underdiagnosis of
this condition [7, 14]. Due to the cost and poor
availability of the instruments that ensure proper
conditions during the exercise challenge test, the-
re are attempts being made to use other diagno-
stic tests such as eucapnic voluntary hyperpnoea
(EVH), or bronchial challenge tests using manni-
tol or non-isotonic aerosols [2, 3, 5, 7]. Some re-
searchers suggest that bronchial challenge test
with adenosine monophosphate (AMP) as a stimu-
lus to evoke bronchospasm in a mechanism simi-
lar to that of exercise may be useful in diagnosing
EIB [3, 5, 11]. No publications presenting such an
evaluation in a systematic manner were found in
the literature. The lack of such studies may be the
reason why bronchial challenge with AMP test has
not been yet introduced to the standards of EIB
diagnosis in athletes [7].

The aim of this study was to evaluate the use-
fulness of various hypersensitivity tests as well as
a symptom questionnaire in diagnosis of EIB. The
study protocol was approved by the Bioethics Com-
mittee at the Medical University of Warsaw (do-
cument no. KB/58/2004)

Material and methods

Forty-two subjects aged 30 ± 8 years partici-
pated in the study (17 women, 25 men). According
to a preliminary evaluation, they were allocated
into the following groups: A — 19 patients with
allergic asthma; D — 11 subjects with symptoms
suggestive of EIB but without other symptoms of
asthma; and K — 12 healthy volunteers who se-
rved as a control group. Group characteristics are
presented in Table 1. Subjects were recruited
among patients under the care of a pulmonology
outpatient clinic, to which they had been referred
due to suspicion of asthma or who had been tre-
ated for episodic asthma. None of the participants
was treated with glucocorticosteroids (systemic or
inhaled) or antileukotriene modifiers during the
period of at least 3 months prior to for the study.
Until the end of the study, all patients were using
a short-acting b-agonist – fenoterol or salbutamol
– on as-needed basis.

History-taking and physical examinations
were aimed to allocate subjects into appropriate
groups and to assess possible contraindications to
the tests. A questionnaire on EIB symptoms was
conducted in all cases, i.e. occurrence of dyspno-
ea, coughing, wheezing, chest tightness during and
after exercise, and relation between symptoms and
the seasons (winter/summer). Total IgE level and
peripheral blood eosinophil count were measured
and skin tests for most common inhalant allergens
were performed to detect atopy.

Spirometry
Spirometry was performed according to the

recommendations of the Polish Respiratory Socie-
ty [12] using a Lungtest 1000 spirometer (MES,
Cracow, Poland). Before the challenge tests, the
patients were asked to stop inhaled medications,
as recommended by the American Thoracic Society
(ATS) [13].

Methacholine bronchial challenge test
Bronchial challenge test with methacholine

was performed using a Lungtest 1000 spirometer
with an ISPA module. Methacholine chloride was
used for the study (Prospecta, Poland). Examina-
tions were carried out by applying nebulization for
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2 minutes in accordance with the ATS recommen-
dations [13]. The result was considered negative
when the PC20 (provocative concentration leading
to a decrease of FEV1 > 20% of baseline) exceeded
16 mg/ml.

Adenosine monophosphate challenge test
Bronchial challenge test with AMP was com-

pleted using the same instruments as in the me-
thacholine tests. Studies with AMP were carried
out by applying nebulization for 2 minutes in ac-
cordance with ERS recommendations [11]; ade-
nosine monophosphate sodium salt was used for
the tests (Sigma-Aldrich, Poland). Twofold incre-
mental concentrations were used, beginning with
0.39 mg/ml and ending with 400 mg/ml. The test
result was considered negative when PC20 exce-
eded 400 mg/ml.

Exercise challenge test
Every subject completed two exercise studies:

a cardiopulmonary exercise test assessing maximal
exercise capacity of a given patient, and an exerci-
se challenge test conducted according to ATS gu-
idelines [13] — the subject inhaled air of a tempe-
rature of 20–25oC and humidity of less than 50%
(humidity and temperature of the mixture were
constantly monitored with sensors installed in the
Douglas bag). Examinations were carried out on a
treadmill using a computerized Ergo 2000 system
(MES, Poland), which allowed the analysis of ven-
tilatory parameters on a breath-by-breath basis.
Work load was guided by patient ventilation – the
target value was within the range of 40–60% of
maximal ventilation reached during the first test.
Heart rate (HR) and oxygen uptake (VO2) were si-
multaneously monitored and the load was adapted
in a manner to keep these values within respecti-
ve ranges of 80–90% and about 80% of the values
reached in the first test.

Spirometry with recording of the flow-volume
loop was done before the exercise challenge test
and immediately after it ended, which was approx.
at the 2nd minute, and then at the 5th, 10th, 15th, and
20th minutes. There were 5–7 days of interval be-
tween the subsequent challenge tests  and the or-
der of them was random.

Statistical analysis
Quantitative variables were presented as me-

ans ± standard deviations (SD) with the exception
of PC20 values for methacholine and AMP, which
were shown as medians and interquartile ranges.
Qualitative variables were presented as the numbers
and percentages they comprise in a given data set.

While evaluating the diagnostic values of parti-
cular tests, their sensitivities, specificities, positive
predictive values (PPV), negative predictive values
(NPV), and the likelihood ratios (LR) were assessed.
Depending on the distribution of the studied variables
and the character of intragroup comparisons, the stu-
dent’s t-test was used for correlated or uncorrelated
samples, as well as a Mann-Whitney U or Kruskall-
Wallis ANOVA tests. Statistical analysis was perfor-
med using Statistica for Windows analysis software
(StatSoft, Inc. STATISTICA version 10. www.stat-
soft.com.). A p value 0.05 was considered significant.

Results

Asthma patients were characterized by a higher
eosinophil count in the peripheral blood and a hi-
gher total IgE serum concentration in comparison
to subjects with exercise-induced dyspnoea or he-
althy individuals (Table 1). All asthmatic patients
had positive skin tests. Mean values of lung func-
tion parameters in the studied groups were within
normal ranges and no significant differences were
observed between groups A, D, and K (Table 1).

The results of methacholine challenge tests
were positive in all patients with asthma, in 4
(36%) subjects from group D, and in 5 (42%) from
group K. The PC20 value in asthmatic patients was
significantly lower than that acquired for groups
D and K (Table 2). The AMP test was positive in
16 (82%) patients from group A. In groups D and
K results of the AMP test were positive in 2 (18%)
and 1 (8%) subjects, respectively. The PC20 value
for AMP in patients with asthma was significantly
lower than in other groups (Table 2). In all chal-
lenge tests (methacholine, AMP, exercise) the hi-
ghest percentage of FEV1 reduction was observed
in asthmatic patients (Table 2).

The occurrence of EIB in all groups was as-
sessed in two ways: application of the criterion of
FEV1 reduction following exercise by at least 15%
or by 10% of the initial value. Following an exer-
cise challenge, FEV1 reduction by at least 15% oc-
curred in 7 (37%) patients with asthma. When ap-
plying the 10% FEV1 reduction criterion, the num-
ber of patients with diagnosis of EIB rose to 9
(47%). Among subjects complaining of exercise-
induced dyspnoea, lowering the cut-off value of
post-exercise FEV1 reduction for EIB diagnosis to
10% did not influence the number of diagnoses —
in both cases EIB was diagnosed in 3 (27%) sub-
jects. None of the subjects from the control group
was diagnosed with EIB (Figure 1).

In the next step, an analysis was conducted,
in which the main independent variable was the
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Table 2. Bronchial challenge to methacholine, AMP and exercise

A D K

PC20Mch [mg/ml]§ 0.60 (0.09–1.47)*# 17.0 (0.41–17.0) 17.0 (4.93–17.0)

D%FEV1Mch 24.32 ± 5.13*# 15.0 ± 10.79 15.5 ± 7.69

PC20AMP [mg/ml]§ 7.34 (0.55–81.8)*# 401 (401–401) 401 (401–401)

D%FEV1AMP 28.26 ± 15.20*# 11.09 ± 9.96 7.5 ± 7.67

DFEV1max% 11.5 ± 13.5*# 6.6 ± 11.0 0.4 ± 4.4

*Statistically significant difference A v. K
#Statistically significant difference A v. D
§Data are presented as medians (interquartile range). In subjects with methacholine PC20>16 mg/ml its value was arbitrary coded as 17 mg/ml; in patients with AMP
PC20> 400 mg/ml its value was coded as 401 mg/ml.
A — asthma patients, D — exertional dyspnea patients, K — controls
FEV1 — forced expiratory volume in 1 second; D%FEV1Mch — % of FEV1 decrease during methacholine challenge; D%FEV1AMP — % of FEV1 decrease during AMP challenge;
DFEV1maks% — % of FEV1 decrease during exercise challenge

Table 1. Study group characteristics

Parameters A D K
n = 19 n = 11 n = 12

Age (years) 31.2 ± 7.6 29.5 ± 8.8 28.1 ± 8.9

Sex (%)

K — females

M — males K 9 (47) K 3 (27) K 5 (42)
M 10 (53) M 8 (73) M 7 (58)

BMI [kg/m2] 24.3 ± 5.2 24.7 ± 3.8 23.8 ± 1.9

Smokers n (%) 3 (16) 2 (18) 1 (8)

Eosinophils in peripheral blood [103/μL] 0.31 ± 0.2* 0.19 ± 0.06 0.14 ± 0.1

Eosinophils (%) 3.9 ± 3.1 3.1 ± 1.8 1.8 ± 1.3

Total IgE [U/ml] 170 ± 242* 136 ± 162** 24 ± 19

Positive skin prick tests n (%) 19 (100)* 7 (64) 5 (42)

FEV1 [l] 3.5 ± 0.6 3.9 ± 0.5 3.9 ± 0.6

FEV1% predicted 94 ± 12 98 ± 10 101 ± 10

FVC [l] 4.6 ± 0.9 4.8 ± 0.8 4.9 ± 1.0

FVC% predicted 105 ± 14 102 ± 13 107 ± 11

FEV1%FVC 76 ± 8 82 ± 8 80 ± 6

*Statistically significant difference A v. K
**Statistically significant difference D v. K
A — asthma patients, D — exertional dyspnea patients, K — controls
BM — body mass index; IgE — immunoglobulin E; FEV1 — forced expiratory volume in 1 second; FVC — forced vital capacity

diagnosis of EIB. All subjects (n = 42) were divi-
ded into 2 subgroups:
• EIB (+) — patients diagnosed with exercise-

induced bronchospasm after an exercise test.
Reduction of FEV1 by at least 15% with respect
to the predicted value was considered signifi-
cant for the diagnosis of EIB. This subgroup
consisted of 10 subjects: 7 from group A and
3 from group D;

• EIB (–) — patients without bronchospasm after
exercise challenge test (n = 32).

This division was performed in order to eva-
luate the usefulness of selected symptoms and
bronchial challenge tests with methacholine and
AMP for diagnosis of EIB.

Exercise-induced bronchospasm was diagno-
sed in 10 (24%) subjects out of the entire group.
Both groups differed in terms of numbers and per-
centages of eosinophils and total IgE concentra-
tions. Lung function parameters were similar in
both groups, although EIB (+) patients had signi-
ficantly lower PC20 values for methacholine and for
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AMP (Table 3). Also, significant differences in the
severity of bronchospasm were noted during chal-
lenge with AMP: in the EIB (+) group, FEV1 reduc-
tion was 36.3 ± 16.4% and 12.1 ± 9.4% in the EIB
(–) group (p < 0.001). Such a difference was not
found in tests with methacholine. After analysing
the EIB symptom questionnaire, we selected a gro-
up of symptoms most often reported by the pa-
tients, i.e. dyspnoea, wheezing, and exercise-indu-
ced cough. It was concluded that the symptoms du-
ring exertion occurred with the same frequency in
both groups, but post-exertion symptoms occurred
with a significantly greater frequency in the EIB

(+) group. These patients also complained of the-
se symptoms more often during winter months
(Table 4).

Exercise-induced bronchoconstriction may be
diagnosed (using the DFEV1max% ≥ 15%) with
80% sensitivity and 87% specificity (Table 5) on
the grounds of occurrence of the most typical
symptoms (dyspnoea, wheezing, exercise-induced
cough). Methacholine and AMP challenge tests
show significantly higher sensitivity in the diagno-
sis of EIB (90%), but a positive result of an AMP
bronchial challenge test is characterized by higher
specificity than the methacholine test (67 v. 40%).

Figure 1. Prevalence of exercise-induced bronchoconstriction in study groups

Table 3. Comparison of EIB(+) and EIB(–) groups

Parameter EIB(+) EIB(–) p
n = 10 n = 32

Smokers n (%) 1 (10) 5 (16) NS

Eosinophils [103/μl] 0.38 ± 0.24 0.18 ± 0.13 0.003

Eosinophils (%) 5.2 ± 3.5 2.4 ± 1.5 0.03

Total IgE [U/ml] 250.3 ± 319.9 75.6 ± 94.3 0.01

Skin prick tests (%) 90 67 NS

FEV1 [l] 3.6 ± 0.8 3.7 ± 0.6 NS

% of predicted 91 ± 11 99 ± 11 NS

FEV1%FVC 77 ± 9 79 ± 7 NS

PC20Mch [mg/ml] 2.0 ± 5.3 8.4 ± 7.6 0.001

D%FEV1Mch 22.8 ± 6.4 18.3 ± 9.2 NS

PC20AMP [mg/ml] 64.4 ± 135.8 284.8 ± 176.5 < 0.001

D%FEV1AMP 36.3 ± 16.4 12.1 ± 9.4 < 0.001

DFEV1max% 24.8 ± 7.9 1.3 ± 5.7 < 0.001

Abbreviations below the Table 2
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Table 5. Predictive value of chosen indices for the diagnosis of exercise-induced bronchoconstriction
with the criterion DDDDDFEV1max% ≥ ≥ ≥ ≥ ≥ 15% (n = 42)

Sensitivity (%) Specifity (%) PPV (%) NPV (%) LR

Symptoms 80 87 67 93 6.4

Methacholine 90 40 32 93 1.5

Adenosine monophosphate 90 67 47 96 2.9

Methacholine + symptoms 70 90 70 91 7.5

Adenosine monophosphate + symptoms 70 94 78 91 11.2

PPV — positive predictive value; NPV — negative predictive value; LR — likelihood ratio; symptoms: dyspnea, wheezes an post-exercise cough

Our analysis indicates that the combination of
typical symptoms (at the same time: occurrence of
dyspnoea, wheezing, and coughing after exercise)
and a positive result of AMP bronchial challenge
test demonstrates the greatest usefulness in the
diagnosis of EIB, with the sensitivity of 70%, spe-
cificity of 94%, PPV of 78%, NPV of 91%, and LR
of 11.2. Table 5 shows a summary of the data on
sensitivity, specificity, predictive value, and like-
lihood ratio for all tests used in the  EIB diagnosis.

A similar analysis conducted for the
DFEV1max% criterion of at least 10% showed re-
duced sensitivity, which supports the hypothesis
that the 15% cut-off point is in fact more diagno-
stic for EIB (Table 6).

Discussion

In the literature, incidence of EIB in asthma-
tic patients is estimated at 40–90% [1, 5]. The GINA
report does not present epidemiological data regar-
ding EIB in patients with asthma or the diagnostic
criteria for this condition [10]. In our group of asth-

ma patients, the frequency of EIB was relatively
low. This could be a result of the selection process
— 13 out of 19 subjects were diagnosed with epi-
sodic and mild chronic asthma. Cabral et al. [14]
studied 164 children subjects were diagnosed with
episodic, mild, moderate, or severe chronic asth-
ma and demonstrated a correlation between the oc-
currence of EIB and severity of asthma. Despite the
fact that the studied group was significantly lar-
ger, the frequency of EIB was 45% (diagnostic cri-
terion for post-exercise FEV1 reduction ≥ 10%). EIB
was least common in patients with episodic asth-
ma (27%) and most common in patients with mo-
derate chronic asthma (70%). Polish researchers
corroborated the usefulness of the exercise test in
diagnosing and monitoring of asthma [15].

However, Lex et al. [16] who assessed the va-
lue of the exhaled nitrous oxide concentration and
the symptom questionnaire in the diagnosis of EIB
demonstrated a relatively small incidence of this
condition (14% out of a group of 85 children with
asthma), but that could result from two reasons:
children with episodic asthma comprised almost

Table 4. Occurrence of symptoms in EIB(+) and EIB(–) groups

Parameter EIB(+) EIB(–) p
n (%) n (%)

Dyspnea at rest 7 (70) 14 (44) NS

Exertional dyspnea 10 (100) 16 (50) 0.01

Wheezes during exercise 4 (40) 3 (9) NS

Post-exercise wheezes 10 (100) 8 (25) < 0.001

Cough during exercise 2 (20) 3 (9) NS

Post-exercise cough 8 (80) 8 (25) 0.006

Chest tightness during exercise 1 (10) 5 (16) NS

Post-exercise chest tightness 5 (50) 3 (9) 0.02

Symptoms during summer time 7 (70) 13 (41) NS

Symptoms during winter time 10 (100) 16 (50) 0.01
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half of the group, and some children were treated
with inhaled glucocorticosteroids, what could have
significantly modified the response to physical
exercise. In our study, none of the patients with
episodic asthma was diagnosed with EIB. Exerci-
se-induced bronchospasm occurred in 2 of 7 pa-
tients with mild asthma and 5 of 6 patients with
moderate asthma, suggesting a correlation betwe-
en the occurrence of EIB and the severity of asth-
ma. It is also important that, contrary to the stu-
dies mentioned previously, none of the patients in
our study was taking anti-inflammatory medica-
tions, what makes the assessment of the relation-
ship between asthma severity and occurrence of
EIB much easier.

We observed significant differences between
the patients with asthma and other groups in terms
of the results of bronchial challenge tests: patients
from group A had significantly lower PC20 values
for methacholine and AMP and a significantly hi-
gher percentage of FEV1 reduction. All asthma pa-
tients had a positive result of methacholine chal-
lenge, and the results of AMP challenge were po-
sitive in as many as 16 patients. Results of AMP
bronchial challenge tests were negative in 3 asth-
ma patients (episodic asthma). On the other hand,
in group D, only 3 patients had a positive result of
methacholine challenge; in 2 of them the result of
AMP challenge were positive and these 2 patients
were ultimately diagnosed with EIB. The results
of the lung function, biochemical, and skin tests
suggest that in those 2 patients EIB may be the only
manifestation of asthma.

The results of methacholine challenge were
positive in 5 patients from the control group. Hy-
perreactivity of the bronchi in response to non-
specific stimuli may also occur in healthy subjects.
It may be associated with respiratory tract infec-
tions or co-morbidities such as allergic rhinitis.
One of the inclusion criteria for the study was a
sufficiently long period of time since the last re-

spiratory tract infection. An accepted interval of
8–12 weeks seems appropriate to exclude bronchial
hyperresponsiveness following infection. It should
be noted that there was one subject in the control
group with a history of nasal polyps, who denied
any symptoms from the respiratory tract, and this
subject was diagnosed with bronchial hyperre-
sponsiveness on methacholine (PC20 = 0.91 mg/ml)
and AMP challenge (PC20 = 119.51 mg/ml). A po-
sitive result of the AMP challenge in this subject
may be the result of coexisting nasal polyps and
allergic rhinitis. Taking into consideration the fa-
mily history (grandfather probably suffered from
asthma) and the results of additional examinations
(positive skin tests but total IgE concentration wi-
thin normal limits), it seems that, according to
some data from literature [17], despite the lack of
symptoms from the respiratory tract, this subject
is at risk of developing asthma and requires fur-
ther observation.

As mentioned previously, some authors point
to the great value of AMP bronchial challenge test
in EIB diagnosis [3, 5, 11]. No publications were
found confirming this point of view. Therefore, we
attempted to assess the usefulness of this test in
comparison to the exercise challenge test, which
is still considered the “golden diagnostic standard”.

The following were used to evaluate the dia-
gnostic usefulness of the tests: the most common
symptoms declared in the questionnaire (i.e. dys-
pnoea, cough, and wheezing after exercise), results
of the AMP and methacholine bronchial challen-
ge tests, and compilations of symptoms with the
results of hyperreactivity tests. Taking into consi-
deration the lack of a uniform definition of a cut-
off point for the diagnosis of EIB, predictive valu-
es for individual tests were calculated separately
for the criteria of FEV1 reduction by 15% and 10%
after completion of exercise challenge.

Results of previous studies demonstrated an
inadequate effectiveness of the symptom question-

Table 6. Predictive value of chosen indices for the diagnosis of exercise-induced bronchoconstriction with the criterion
DDDDDFEV1max% ≥≥≥≥≥ 10% (n = 42)

Sensitivity (%) Specifity (%) PPV (%) NPV (%) LR

Symptoms 67 87 67 87 5,0

Methacholine 92 43 39 93 1,6

Adenosine monophosphate 83 70 53 91 2,8

Methacholine + symptoms 58 90 70 84 5,8

Adenosine monophosphate + symptoms 58 93 78 85 8,7

Abbreviations below the Table 5; symptoms: dyspnea, wheezes and post-exercise cough
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naire as a screening test for suspected EIB [18, 19].
In our study, the occurrence of a group of symp-
toms typical for EIB was characterized by an 80%
sensitivity and 87% specificity in EIB diagnosis.
Lex et al. [16] assessed the sensitivity and specifi-
city of symptoms in EIB diagnosis in asthmatic
patients not treated with glucocorticosteroids at,
75% and 59% respectively. Such disparities may
come from the fact that those authors considered
only symptoms occurring in a 2-week period prior
to the questionnaire study, while participants of
our study were asked to evaluate the intensity of
symptoms during 6–12 months before the study.

On the other hand, Henriksen et al. [20] stu-
died the correlation between the occurrence of
wheezing induced by exercise and diagnosis of EIB
in a group of patients complaining of symptoms
exclusively or mainly after exertion. The authors,
defining EIB as post-exercise FEV1 reduction by at
least 10%, diagnosed exercise-induced airway con-
striction in only 33% of subjects 21 of 63 and ap-
plication of a more rigorous criterion of 15% FEV1

reduction lowered the frequency of EIB diagnosis
to 11%. The severity of bronchoconstriction was
similar regardless of whether the subject compla-
ined of symptoms at the end of physical exertion
or not. The severity of dyspnoea according to Borg’s
scale did not correlate with reduction of FEV1. The
authors point to the fact that as many as 6 out of 7
subjects with at least 15% reduction in FEV1 com-
plained of wheezing at the end of the exercise test,
but the final conclusion was that wheezing repor-
ted by patients is a poor predictor of EIB [20]. Our
results suggest that cough, wheezing, and chest ti-
ghtness that appear immediately after exertion are
more characteristic for EIB than symptoms repor-
ted during the exercise (Table 4).

In our study, bronchial challenge with me-
thacholine and AMP were characterized by a rela-
tively high sensitivity (90%) but low specificity. The
worst results were for the methacholine test, which
was associated with a specificity of 40%, PPV of
32%, NPV of 93%, and LR of 1.5, suggesting that
this test may only be useful in excluding EIB. The
greatest diagnostic value was found the combina-
tion of typical symptoms and a positive AMP chal-
lenge. Sensitivity of 70%, specificity of 94%, and a
very high LR value, of 11.2, suggest that the presen-
ce of typical symptoms and a positive AMP chal-
lenge may be used for diagnosis of EIB, although
they will not completely replace an exercise test.

Anderson et al. [21], who compared the pre-
dictive values of bronchial challenge tests with
methacholine and mannitol in EIB diagnosis in
patients with mild asthma, determined the sensi-

tivity and specificity for methacholine at 67.4%
and 66.1%, respectively (cut-off point for FEV1 re-
duction for the diagnosis of EIB ≥ 15%). The au-
thors point to a variable exercise-induced bron-
chial reactivity — during a second exercise test,
EIB was diagnosed in an additional 44 (11.7%) of
375 subjects [21].

The search for diagnostic tests allowing for
easier identification of EIB is being conducted in
various directions. There are attempts to use the
expired nitrous oxide concentration measurement
(FENO), which during the last decade gained a firm
place in the diagnostics and monitoring of asthma,
in the EIB diagnosis [22, 23]. Buchvald et al. [24]
assessed the sensitivity of FENO (cut-off point at 20
ppb) in diagnosing EIB in asthmatic children not
treated with glucocorticosteroids at 71%, specifi-
city at 76%, PPV at 53%, and NPV at 88%. Howe-
ver, in children treated with inhaled glucocortico-
steroids, the sensitivity of the test reached as much
as 100%, and NPV 96% (at FENO < 12 ppb).

EVH is another test also used for EIB diagno-
sis [25]. Mannix et al. [26] showed that EVH indu-
ces bronchoconstriction easier than exercise. Ho-
wever, it is worth noting that while this test is very
useful in athletes, untrained adults and children
may have difficulties acquiring ventilation at the
level of 85% of maximal voluntary ventilation.

Another alternative to exercise testing is the
mannitol challenge test [27–29]. Anderson et al. [30]
estimated its sensitivity in EIB diagnosis to be 58.6–
78.6% and specificity to be 60.8–65.2%, depending
on the criterion of FEV1 reduction (10% or 15%).

To summarize, considering variable availabi-
lity of exercise testing on one hand and the poten-
tially harmful influence of exercise-induced airway
constriction on the quality of life of asthmatic pa-
tients on the other, it seems that the search for sim-
pler and less expensive methods of diagnosing EIB
is justified. It appears that some hopes may be put
in the use of hyperreactivity testing to non-speci-
fic stimuli. In the population presented in this stu-
dy, the highest usefulness in EIB diagnosis was de-
monstrated for a combination of symptoms (dysp-
noea on exercise, cough, wheezing after exertion)
and a positive result of AMP bronchial challenge
test. Confirmation of our results on a larger popu-
lation would be a valuable observation.

Conclusions

1. Occurrence of symptoms suggesting EIB alo-
ne does not have sufficient sensitivity and spe-
cificity to make the diagnosis of exercise-in-
duced bronchoconstriction.
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2. A combination of typical symptoms (dyspno-
ea, wheezing, cough after exercise) with a po-
sitive AMP bronchial challenge is most use-
ful in the diagnostics of EIB.
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