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Background: Studies on diagnostic tests for exercise-induced bronchoconstriction (EIB) have centered
around the asthmatic and elite athletic population. Traditionally, the exercise challenge test (ET) was
recommended to assess EIB. We aimed to compare the performance of surrogate testing, mainly the
hypertonic saline (HS) test, and methacholine challenge test (MCT) versus ET in identifying EIB among
non-athletic subjects.

Methods: We prospectively recruited subjects who did not have confirmed active asthma, but who reported
exercise-induced dyspnoea. The participants underwent HS and ET on separate days within two weeks.
MCT performed within one year were obtained retrospectively from medical records. The sensitivity,
specificity, and accuracy of each diagnostic test were calculated using ET as the gold standard.

Results: We recruited 27 participants (mean age 20.6x2.5 years; 92.6% male). Five (18.5%) had a history
of self-reported asthma prior to recruitment. Eleven participants (40.7%) had a positive ET test. The
sensitivity, specificity and accuracy of HS in diagnosing EIB was 90.9%, 62.5% and 74.1%; while that of
MCT was 88.9%, 83.3% and 85.7% respectively. Six subjects were positive to HS but had negative ET test.
Conclusions: Both HS and MCT were found to be suitable alternatives to ET in screening for EIB in the
non-athletic population in this pilot study. Further large scale studies are required to confirm this finding.
These tests have the potential to replace ET for the diagnosis of EIB in centres without ET equipment or

facilities.
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Introduction failure, and has been implicated in death and army
discharges (3).

Exercise-induced bronchoconstriction (EIB) is a common Testing for EIB is important in the context of Singapore’s

condition, especially in the athletic and military populations, military conscription. Most commonly used testing in our
and its prevalence is increasing worldwide (1,2). In the clinical setting is exercise challenge test (ET), but it can be

military setting, EIB is associated with military training difficult to implement (4), and may produce false-negative
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results if performed only once (5). Generally, diagnostic
tests for exercise induced bronchoconstriction are divided
into direct and indirect challenges. Direct challenges involve
administering a single agent such as methacholine which
acts directly on the smooth muscle receptors to precipitate
contraction. Indirect challenges involve introduction of
exercise or other agents such as hypertonic saline (HS) or
mannitol to provoke cellular mediator release (including
prostaglandins, leukotrienes and histamine) which causes
airway smooth muscle contraction. Recent guidelines
recommend indirect challenges over direct challenges (6),
however choice of challenge test is dependent on many
factors including availability of equipment (treadmill
machine for ET, ultrasonic nebulizers for HS, balloon
and gas cylinders for eucapnic voluntary hyperpnea test),
availability of the bronchoprovocative agent (methacholine,
HS or mannitol), availability of the technical expertise in
the laboratory, cost and lastly physician preference.

We sought to compare sensitivity, specificity, accuracy and
patient preference of HS challenge to ET in a population
of non-athletic participants who had symptoms of EIB. Our
secondary objective was to compare retrospectively retrieved
MCT results performed within one year of recruitment, and
evaluate its agreement with the HS and ET results.

Methods
Study design

Participants were recruited from the respiratory outpatient
clinic of Singapore General Hospital, between May
2012 and February 2015. Inclusion criteria were met if
participants had exercise-induced dyspnoea and were
corticosteroid-naive. Use of salbutamol (as needed) was
permitted. Subjects were excluded if they had presence of
orthopaedic problems limiting exercise. The participants’
history of asthma, prior to study recruitment was recorded.
Eligible subjects then underwent both ET and HS tests
on separate days not more than 2 weeks apart. All except 1
subject underwent ET first, followed by HS.

Measurements

ET

Subjects undergoing ET had a baseline spirometry performed
before exercising on a treadmill in an air-conditioned room
with ambient temperature of 20 degrees celsius and a relative
humidity of 43 %=1% according to ATS recommendations (4).
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Treadmill speed and grade were progressively advanced
within the first 2-3 minutes until heart rate reached 85% of
predicted maximum (calculated as 220-age in years). The
test was terminated when the subject had exercised at the
target heart rate for 5 minutes and post-test spirometry
after 5 minutes was performed. A positive test was defined
as a reduction in post-exercise forced expiratory volume in
1 second (FEV)) of 10% or more compared to the baseline (4).
If there was no reduction in FEV, of 10% or more,
spirometry was repeated at 5 minute intervals (5, 10, 15 and
20 minutes after exercise). Three repeatable flow-volume
loops were performed at each interval period.

HS testing

Subjects were made to inhale HS at 4.5% for increasing
periods (0.5, 1, 2, 4 and 8 minutes) at intervals of 2 minutes,
totaling 15 minutes and 30 seconds. FEV, measurements
were taken 1 minute after the end of each inhalation. Three
repeatable flow-volume loops were performed after each
inhalational period. Reduction in FEV, of 15% or more
compared to the baseline indicated a positive test and the
test was terminated. The test was also terminated when the
cumulative inhalation time of 15.5 min had been achieved
without significant reduction in FEV,. The result was
presented as the provocative dose of saline inducing a 15%

fall in FEV, (PD,,) (7).

Methacholine challenge test (MCT)
MCT results performed within one year of ET and
HS were retrospectively retrieved and included in the
analysis. Methacholine challenge was performed using
the five-breath dosimeter protocol (4). Subjects inhaled
methacholine solution at increasing concentrations (0.25,
1, 4, 16 mg/mL), until a positive result was obtained or
the highest dose of methacholine (16 mg/mL) had been
delivered. A positive MCT was defined as a provocative
dose of methacholine inducing a 20% reduction in FEV,
(PC,p) <16 mg/mL.

At the end of each test, subjects were asked to fill in
2 separate multiple choice questionnaires to indicate their
preferred test (HS or ET) as well as level of difficulty with
each test.

Statistical analysis

Statistical analysis was performed using SPSS (Version 21.0).
Confidence intervals of 95% were reported, and all tests
were two-sided. Continuous variables were expressed as
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Table 1 Baseline characteristics of recruited participants.
Demographic All subjects (n=27) Without EIB (n=16) With EIB (n=11) P value
Male gender, n (%) 25 (92.6%) 14 (87.5%) 11 (100%) 0.50
Age (years) 20.63+2.46 21.63+3.07 19.18+0.77 0.21
Non-smoker, n (%) 24 (88.9%) 15 (93.8%) 9 (81.8%) 0.55
History of allergic rhinitis, n (%) 9 (33.3%) 8 (50.0%) 19.1%) 0.04
History of self-reported asthma, n (%) 5(18.5%) 1(6.3%) 4 (36.4%) 0.13
Spirometry
FEV, (litres) 3.43+0.24 3.42+0.24 3.44+0.26 0.92
FEV, (% pred) 88.41+5.81 89.81+5.95 86.36+5.72 0.46
FVC (litres) 4.08+0.28 3.94+0.28 4.27+0.26 0.13
FVC (% pred) 86.22+5.23 84.44+5.44 88.82+4.86 0.29
FEV/FVC (%) 84.70+4.35 87.19+3.23 81.09+5.24 0.07

All lung test results are presented as pre-bronchodilator values. Results presented as mean + SD. EIB, exercise-induced bronchoconstriction;

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity.

mean = standard deviation. Correlations between variables
were examined using Pearson’s correlation coefficients. HS
responses were log-transformed for calculation of geometric
means. Kappa statistics are indices of inter-rater reliability
used to measure the level of agreement, performed using
SPSS. Sensitivity, specificity, predictive values and accuracy
were calculated based on standard definitions, with P<0.05
implying statistical significance.

Results

Twenty-seven participants were included in the study. The
baseline characteristics of the subjects are shown in Table 1.
Subjects with and without EIB were not significantly
different in their demographics, except for a higher
proportion of allergic rhinitis among the subjects without
EIB.

The prevalence of EIB in this cohort was 40.7% (11/27)
using ET as the ‘gold standard’. Sixteen subjects (59.2%)
tested positive for HS and thirteen (61.9%) had tested
positive for MCT. Nine subjects (42.9%) tested positive for
all three tests (HS, ET and MCT). The performance of all
three tests is shown in Tible 2.

Our pilot study demonstrated a high sensitivity of 90.9%
for the HS challenge test with a moderate specificity of
62.5% to diagnose EIB in a non-athletic population. There
were six subjects that tested negative for ET but positive
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for HS. As shown (Figure I), the PD,; for these six subjects
is lower compared to those who tested negative to both
ET and HS. Table 3 shows the decrease in lung function
corresponding to each type of challenge testing, which
was very similar for HS and ET. In addition, Pearson’s
correlation demonstrated a significant and positive
relationship between the reactivity to HS and the post-
exercise fall in FEV, (r=0.702, P<0.001). Furthermore, the
kappa statistic of agreement between HS and ET showed
moderate agreement (Kappa =0.50, Table 4). In the post-test
survey, there was no clear patient preference for either test,
with 15 subjects (55.6%) preferring ET over HS.

MCT was measured within one year of enrollment, with a
median time window of 9 days (interquartile range 0-14 days).
In a secondary analysis, MCT demonstrated a higher
specificity of 83.3% using a cut-off value of PC,;, <8 mg/mL
as compared to 66.7% for PC,, <16 mg/mL to detect EIB.
Negative predictive values (NPV) were 90.9% and 100%
for both MCT cut-offs respectively. MCT had substantial
agreement with E'T (Kappa statistic 0.71 for PC,, <8 mg/mL;
Kappa statistic 0.63 for PC,, <16 mg/mL, Table 3).

Discussion

The primary aim of this study was to determine the
diagnostic performance of HS challenge test for diagnosing
EIB, determined by ET, in a non-athletic population.
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Table 2 Sensitivity, specificity and accuracy of hypertonic saline test and MCT using two cut-off values (PC,, <8 mg/mL and PC,,<16 mg/mL)

for exercise-induced bronchoconstriction

HS (n=27) MCT-PC,, <8 mg/mL (n=21) MCT-PC,, <16 mg/mL (n=21)
Test results
Positive Negative Positive Negative Positive Negative

ET positive 10 1 8 1 9 0

ET negative 6 10 2 10 4 8

% ET positive 40.7 42.9 42.9
Sensitivity (%) 90.9 88.9 100
Specificity (%) 62.5 83.3 66.7

Accuracy (%) 741 85.7 81.0

Positive predictive value (%) 62.5 80.0 69.2

Negative predictive value (%) 90.9 90.9 100

MCT, methacholine challenge test; PC,,, provocative dose of methacholine inducing a 20% fall in FEV;; HS, hypertonic saline; ET, exercise

test; FEV;, forced expiratory volume in 1 second.
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Figure 1 Relationship between PD; HS and maximal fall in
FEV, after HS challenge for subjects testing negative to exercise
challenge test. PD s, provocative dose of saline inducing a 15% fall
in FEV; HS, hypertonic saline; FEV), forced expiratory volume in

1 second.

Table 3 Decrease in lung function corresponding to each type of
challenge testing

Decrease in FEV, (%) EIB positive EIB negative
ET 23.16+6.31 3.20+1.76
HS 23.15+6.61 3.20+1.76
MCT (PC,, cut-off <8 mg/mL) 27.55+4.31 14.50+3.06
MCT ( PCy cut-off <16 mg/mL)  26.28+3.99 11.83 £2.40

FEV,, forced expiratory volume in 1 second; EIB, exercise-
induced bronchoconstriction; ET, exercise test; HS, hypertonic
saline; MCT, methacholine challenge test; PC,,, provocative dose
of methacholine inducing a 20% fall in FEV,.
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Our pilot study demonstrated high sensitivity of 90.9%
for HS challenge test with a lower specificity of 62.5%.
Subjects had no preference for HS test over the ET. In a
secondary analysis, retrospectively collected MCT results
demonstrated higher specificity of 83.3% using a cut-off
value of PC,, <8 mg/mL, and 66.7% for PC,, <16 mg/mL,
with NPVs of 90.9% and 100% respectively.

Recently published joint AAAATI and ACAAI Task
Force statement had recommended indirect challenges
(exercise, EVH or mannitol) over direct challenges such
as MCT for the diagnosis of EIB (6). Strenuous exercise
creates a hyperosmolar environment by introducing dry
air in the airway with compensatory water loss, leading to
transient osmotic change on the airway surface (8). The
hyperosmolar environment leads to mast cell degranulation
with release of mediators, including histamine, tryptase, and
prostaglandins. In addition, eosinophils can also be activated
producing further mediators, including leukotrienes.
Therefore, indirect challenges are more specific in
reflecting bronchial hyperresponsiveness caused by exercise
and potentially the need for inhaled corticosteroids (6).

HS testing performed well, with a NPV of 90.9%, and
sensitivity of 90.9%. Previous studies evaluating HS have
been performed in the paediatric population (9) or subjects
with asthma (10), and have demonstrated moderate to
high sensitivity and specificity. Depending on the clinical
indication, either high sensitivity or specificity can be
useful. For the screening of military conscripts, a high
sensitivity would be more useful to reduce inadvertent
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Table 4 Agreement between the three types of diagnostic tests for EIB

541

Tests performed Kappa statistic Confidence interval P value
ET with HS 0.50 0.20-0.80 0.006
ET with MCT (PC,, <8 mg/mL) 0.71 0.41-1.00 0.001
ET with MCT (PC,, <16 mg/mL) 0.63 0.33-0.93 0.002

EIB, exercise-induced bronchoconstriction; ET, exercise test; HS, hypertonic saline; MCT, methacholine challenge test; PC,,, provocative
dose of methacholine inducing a 20% fall in FEV,; FEV,, forced expiratory volume in 1 second.

inclusion of subjects with asthma or EIB into military
service without proper treatment and control of underlying
airway inflammation.

Our secondary analysis demonstrated that MCT
performed exceptionally well compared to ET, with
sensitivity reaching 100%. This result is unprecedented,
especially as the five-breath dosimeter protocol that was
used for the MCT protocol in this study is associated with
more false-negative testing compared to the tidal breathing
technique (11), which is used by the International Olympic
Committee (positive test defined as PC,, <4 mg/mL using
tidal breathing technique) (12). One likely explanation for
this finding could be due to variability of laboratory ET in
diagnosing EIB as shown in a previous study from Anderson’s
group (5). They challenged 373 subjects twice using treadmill
ET and found that the agreement between results was only
76.1%. Another explanation could be that this finding is
related to a number of previously undiagnosed asthmatics
with overlapping EIB in our study population. Similar to the
heterogeneity of asthma, EIB has separate phenotypes, and
it has previously been shown that up to 90% of asthmatic
subjects could have EIB (13). It is possible that the MCT is
detecting the subjects from the asthmatic group, whereas
the international recommendations were based on studies
largely recruiting elite athletes and hence having different
pathogenetic mechanisms. Prior studies carried out using
MCT in asthmatic subjects had variable results for sensitivity
ranging from 51-87.7% (10,14,15), which was slightly lower
than our documented sensitivities (7izble 2). These differences
could possibly stem from different PC,, cut-off values used
in each study as we have also documented that using PC,,
<8 mg/mL and PC,, <16 mg/mL, there were differences in
sensitivities (88.9% wvs. 100%) and specificities (83.3% us.
66.7%) respectively.

The major limitation of the study was that MCT
data were collected retrospectively within one year from
inclusion, and moreover not all subjects underwent
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MCT. The retrospective review of MCT confines the
interpretation of the agreement between MCT and ET.
However, previous studies have suggested that MCT is
reproducible in symptomatic asthmatic subjects ranging
from one week (16) to one year (17). In addition, most of
the patients underwent MCT within 1 month of inclusion
(except for 2 patients). Other limitations included the small
sample size as it was a pilot study and the lack of sequential
testing to evaluate the reproducibility of our results.

In conclusion, this study shows that HS in non-athletes
displays moderate agreement with ET and is a potential
surrogate screening test due to its high NPV. However, ET
test may have to be repeated if the first test was negative as
EIB may not be confidently ruled out (5). The agreement
that has been demonstrated between MCT performed
within a year of inclusion and the ET can come in useful
for predicting EIB in centers that have limited access to
indirect testing. Even though HS and MCT demonstrated
good NPVs, further studies with protocols incorporating
multiple challenges of ET, HS and MCT in sequence would

be useful to evaluate reproducibility of results.
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