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Background : Changes in airway mucosal osmolarity are an underlying mechanism of bronchoconstrictive
responses to exercise and hypertonic saline (HS). The purpose of this study was to examine whether an osmotic
challenge test using HS can predict exercise-induced bronchospasm (EIB) in asthma patients.

Methods : Thirty-six young male asthmatic patients underwent bronchial challenge tests based on 4.5% HS,
exercise (> 24h later), and methacholine (MCh) at the Chonnam National University Hospital. The relationships between
responses to HS and exercise, and between MCh and exercise were evaluated.

Results : The maximal fall in forced expiratory volume in one second following exercise was significantly higher in
the HS-responders (n=19) than in the HS-nonresponders (n=17, 35.9+4.1% vs. 17.9%2.7%, p<0.001), and there was
a significant correlation between the severity of EIB and HS-airway hyperresponsiveness (AHR). When compared with
the MCh-AHR test in terms of predicting EIB, the HS-AHR test showed higher specificity (71.4% vs. 42.9%), but a
lower sensitivity (58.6% vs. 89.7%) and negative predictive value (29.4% vs. 50.0%). At the moderate AHR cutoff value,
the MCh-AHR test had a specificity that was comparable with and predictive values that were higher than those of
the HS-AHR test.

Conclusions : The HS-AHR test was more specific than the MCh-AHR test, but was less sensitive and had a poorer
negative predictive value, which in combination preclude the use of the HS-AHR test as a screening tool for EIB. The
MCh-AHR test had a cutoff value for moderate AHR that may be more useful for predicting EIB in asthmatic patients.
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INTRODUCTION

Although the precise mechanisms underlying exercise-
induced bronchoconstriction (EIB) in asthma are unknown, it has
been suggested that a change in the osmolarity of airway lining
fluids and the consequent release of various chemical
mediators, which occur during the warming and humidification of
inhaled air and evaporation of airway mucosal surface water,
are important provoking factors'. In addition, reactive hyperemia
of the bronchial microvasculature, which results in changes in
airway diameter and is promoted by the thermal effects of

exercise (i.e., an initial airway cooling and subsequent rapid
rewarming), is considered to be another cause of broncho—
constriction.

Airway hyperresponsiveness (AHR) to direct stimuli, such as
methacholine (MCh) or histamine, also occurs non-asthmatic
diseases, such as chronic obstructive pulmonary disease, cystic
fibrosis, and irritable bowel disease?. However, in asthma,
indirect stimuli (exercise, hyper— or hypotonic aerosols, isocapnic
hyperventilation, sodium metabisulphite/SOz, propranolol, adeno-
sine, bradykinin, and tachykinins) stimulate inflammatory or
neuronal cells to release chemical mediators, and thus AHR to
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indirect stimuli is considered to be more specific for asthma®.
AHR to adenosine is more specific for diagnosing asthma® and
is better at predicting sputum eosinophiliaa, corticosteroid
sensitivitys), and responsiveness to allergen—avoidance at high
altitude” in asthmatic patients. We previously reported that AHR
to hypertonic saline (HS), as opposed to MCh, is more closely
related to eosinophil numbers, IL-5 level, and the interferon—y
/IL-5 ratio in sputum®.

Both exercise and HS are indirect provocative stimuli that
can cause changes in the osmolarity of airway-lining fluids.
Therefore, it is speculated that an HS provocation test could
predict EIB in asthmatic patients. However, no comparative
study of the various bronchial provocation tests has been
performed in Korea to date, except a study by Cho et al.g),
which showed increased MCh-AHR after an exercise
provocation test in asthmatic patients.

The purpose of this study was to examine whether the osmotic
challenge test using HS can predict EIB in asthmatic patients.

MATERIALS AND METHODS

Subjects

The study group consisted of 36 young male asthma patients
(18-23 years old), who consecutively visited the Allergy Clinic at
Chonnam National University Hospital, Gwangju, Korea. Asthma
was defined by the presence of asthmatic symptoms (cough,
dyspnea, and wheezing) and by a 20% fall in forced expiratory
volume in one second (FEV;) in response to an MCh con-
centration of <16 mg/mL.

Methods

Routine laboratory tests including peripheral blood eosinophil
counts, serum IgE level determinations, and allergy skin prick
tests were performed. The patients underwent bronchial
challenge tests using HS, and after at least 24 h had elapsed
exercise followed by MCh tests were performed. By
investigating the relationships between exercise and HS or
MCh, test results were evaluated to identify the test more
specific for the diagnosis of EIB.

Lung function was measured with a spirometer (Spiro
Analyzer ST-250, Fukuda Sangyo, Tokyo). The tests were
conducted using techniques that met the standards developed
by the Intermountain Thoracic Societym). The largest sum of
FEV, and forced vital capacity from more than three acceptable
flow-volume curves was selected as being representative.
Medications, such as, anti-histamine (>48 h), theophyliine (>24
h), long-acting B» agonists (>24 h), ipratropium (>12 h), and
short-acting B. agonists (>8 h) were stopped before the
bronchial provocation tests. Airway responsiveness to HS

solution was assessed using the method described by Iredale et
al." using 4.5% NaCl aerosols delivered from an ultrasonic
nebulizer (Ultra—neb 2000, Devilbiss, PA) through a Hans
Rudolph 2700, two—way, non-rebreathing valve box to a rubber
mouthpiece whilst subject wore nose clips. Subjects inhaled
4.5% NaCl for successively doubled periods (i.e., 0.5, 1.0, 2.0,
40, and 8.0 min). FEV; was measured at 30 and 90s after each
inhalation period using a spirometer. The next challenge period
followed within 3min of the end of the previous period. If FEV;
fell by less than 10%, the exposure time was doubled; if FEV;
fell between 10 and 15%, the exposure time was kept the
same, but if the FEV; fall exceeded 15%, or if the a subject
reached the maximal dose without showing a fall exceeding
15%, the challenge was stopped. Dose-response curves were
constructed by plotting the percentage change in FEV; against
the cumulative aerosol dose delivered (expressed in mL) on a
log scale for each inhalation period. Provocative doses of HS
causing a 15% fall in FEV; (PDis) were calculated by linearly
interpolating log—dose-response curves. The degree of airway
responsiveness to HS was categorized as severe AHR (Grade
3) for PDis < 2 mL, moderate AHR (Grade 2) for PDis > 2 but
< 6 mL, mild AHR (Grade 1) for PDys > 6 but < 20 mL, and
normal (Grade 0) for PDis >20 mL'?. Patients who did not
respond to the highest dose of HS were assigned a value that
was twice that of the highest dose applied.

The MCh challenge test was conducted as for the
standardized tidal breathing method of Corkcroft et al.”®. MCh in
isotonic saline was aerosolized at room temperature in a
Devilbiss 646 nebulizer (Devilbiss Co., Somerset, PA; output
0.13 mL/min). The dilution increments used were 0.075, 0.15,
0.31, 0.62, 1.25, 2.5, 5.0, 10, and 25 mg/mL. The aerosols were
inhaled by tidal breathing through the mouth with the nose
clipped over 2 min at 5-min intervals. Challenge testing was
discontinued if the FEV; dropped by 20% or more from baseline
or if the maximal concentration of MCh had been administered.
The provocation concentration of MCh resulting in a 20% fall in
FEV; (PCx) was calculated by linearly interpolating log-dose-
response curve.

Free running tests to detect EIB in asthma were performed
for 6 min, as previously described™. Each subject checked his
radial artery pulse rate while running. Patient accelerated to as
to raise the pulse rate to 85% of the predicted maximum
(calculated as 220 minus age in years) during the first 2-3 min
of exercise. For the remaining exercise time, subjects ran at a
constant running speed. Immediately after running, subjects’
pulse rates (> 85% of the predicted maximum) were confirmed
using a pulse oximeter (Symphony N-3000, Nellcor Puritan
Bennett, CA). FEV; values were measured immediately before
and at 1, 3, 5, 7, 10, 15, 20, and 30 min after exercise. Maximal
EEV; change was calculated as 100% x [(pre-exercise FEV; -
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Table 1. Comparisons of subject characteristics with respect to the
presence and absence of exercise-induced asthma

Exercise-induced asthma

Characteristics

Presence (n=29) Absence (n=7)
Age (years) 19.9+0.3 20.1+0.6
Asthma duration (years) 9.6+1.0 10.6+1.3
Blood eosinophils (%) 6.5+0.7" 3.4+04
(counts/ul) 453.1£60.1™ 192.0+28.2
Log serum IgE 2.5+0.1 2.3+0.1
(Geometric mean, 1U/mL) (294.3) (196.3)
FVC (L) 4.6+0.1 47+0.3
(% predicted) 87.4+1.7 83.7£3.3
FEV; (L) 3.6+0.1 4.0+0.2
(% predicted) 80.2+1.9 85.3+3.0
Log PCxp—methacholine -0.44+0.16" 0.32+0.22
(Geometric mean, mg/mL) 0.37) (2.10)
(Range, mg/mL) (0.001~9.31) (0.22~7.86)
Log PDjs—hypertonic saline 1.05+0.13 1.46+0.13
(Geometric mean, mL) (11.3) (29.1)
Hypertonic saline grade 0.97+0.20 0.29+0.18

Values are expressed as means+SEM.
#0<0.05, *p<0.01, *»p<0.001

lowest post-exercise FEVi)/pre—exercise FEV;]. A positive EIB
was defined as > a 15% reduction in post-exercise FEV;
versus pre-exercise FEV;.

Statistical analyses

The results are expressed as means¥SEM. Data were
compared using the Student's t-test, and correlations between
variables were examined using Pearson's correlation coefficients
and the x° test for linear regression. p values < 0.05 were
regarded as statistically significant.

RESULTS

Twenty-nine (80.6%) of 36 asthmatic patients showed a >
15% reduction in FEV; after exercise. Patients showing a
positive response to exercise had higher peripheral blood
eosinophil counts (6.5+0.7% vs. 3.4+0.4%, p<0.01) and lower
MCh-PCy values (geometric mean: 0.37 mg/mL vs. 2.10
mg/mL, p<0.05) than patients with a negative response (Table 1).

When the 36 patients were classified according to a positive
or negative AHR response to the 4.5% HS inhalation test, 19
(52.8%) proved positive, ie., the provocative dose of HS
causing a 15% fall in FEVy was < 20 mL. Table 2 compares
the characteristics of subjects positive or negative for HS-AHR.
Patients with a positive HS-AHR were significantly older and
had more severe MCh-AHR (MCh-PCx: 0.26 mg/mL vs. 1.08
mg/mL, p<0.05) than those with negative HS-AHR. However,
when subject age was restricted to 22 years old, no significant

Table 2. Comparisons of subject characteristics with respect to
positive and negative airway hyperresponsiveness to hypertonic
(4.5%) saline

Airway hyperresponsiveness to hypertonic saline

Characteristics — -
Positive (n=19) Negative (n=17)

Age (years) 20.5+0.4° 19.4+0.2

Asthma duration (years) 10.8+1.0 86+1.3

Blood eosinophils (%) 6.0+0.8 57+1.1
(countsfuL) 435.7£67.9 365.0+80.1

Log serum IgE 2.4+01 2.4+01
(Geometric mean, 1U/mL) (270.1) (272.0)

FVC (L) 47+0.2 4.6+0.1
(% predicted) 872423 86.2+2.1

FEV; (L) 3.6+0.1 3.7+0.1
(% predicted) 80.5+2.7 81.9+1.8

Log PCax-methacholine -0.58+0.19" 0.03+0.19
(Geometric mean, mg/mL) (0.26) (1.08)
(Range, mg/mL) (0.001~5.30) (0.03~9.31)

Values are expressed as meansSEM. »p<0.05
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Figure 1. Maximal post-exercise bronchospasm in asthmatics with
(n=19) and without (n=17) airway hyperresponsiveness (AHR) to
hypertonic saline (HS).

relation was observed between HS-AHR results and age, but
there was a significant difference in MCh-AHR (0.17 mg/mL vs.
1.08 mg/mL, p<0.01) between the positive (n=15) and negative
(n=17) HS-AHR groups. The maximal percentage fall in FEV;
after exercise was significantly higher in patients with positive
HS-AHR than in those with negative HS-AHR (35.9+4.1% vs.
17.942.7%, p<0.001) (Figure 1).

The maximal percentage fall in FEV; after exercise was
significantly related to HS-AHR (Log PDss) (Figure 2) and
MCh-AHR (Log PC) (Table 3).

The specificity for the presence of EIB was significantly
higher for the HS-AHR test than for the MCh-AHR test (cut-off
value of MCh-PCa < 4 mg/mL"™) (71.4% vs. 42.9%), but was
comparable to that in the test at a cut-off value of < 1 mg/mL
for moderate to severe MCh-AHR'® (71.4% vs. 71.4%) (Table
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Figure 2. Relationship between airway sensitivity to hypertonic
(4.5%) saline and maximal % fall in forced expiratory volume in
one second after exercise in asthmatics.

4). However, both the sensitivity (58.6% vs. 89.7%) and
accuracy (61.1% vs. 80.6%) of the HS-AHR test for EIB were
lower than those of the MCh-AHR test. Moreover, the negative
predictive value of the HS-AHR test was poorer than that of the
MCh-AHR test (29.4% vs. 50.0%). When the cut-off value of
the MCh-AHR test was set at 1 mg/mL, both the positive and
negative predictive values of the MCh-AHR test for EIB were
higher than those of the HS-AHR test, respectively (positive:
90.9% vs. 89.5%, negative: 35.7% vs. 29.4%).

DISCUSSION

In this study, AHR to HS was found to be related to the

Table 3. Lung function measurements with respect to various
bronchial provocation tests in asthmatics

Exercise Hypertonic saline
PDis Grade
Hypertonic saline
PDis -0.432"
Grade 0.446" -0.936™
Methacholine-PCz -0.594" 0.368" -0.441"

* p<0.05, *» p<0.01, =p<0.001

degree of bronchoconstriction after exercise, and the HS-AHR
test showed high specificity for the diagnosis of EIB. AHR to
MCh was also found to be related to the degree of broncho-
constriction after exercise, but the specificity of the MCh-AHR
test was poor and was comparable to that of the HS-AHR test
only at a cut-off value of < 1 mg/mL for moderate to severe
MCh-AHR.

As it has been reported that 70~80% of patients with
asthma show a positive response to the exercise test”, and
because asthma is a common disease, general physicians
would probably treat EIB and asthma patients in clinics. A
standardized exercise test has been developed, but there are
difficulties associated with test application in general practice,
and thus, several other tests have been examined as potential
substitutes. Although the MCh challenge test is highly sensitive
for asthma detection, it is well known that the MCh challenge
test produces false positives for many types of non-asthmatic
diseases, and it has been suggested that several challenge
tests using indirect stimuli may be more specific for asthma.
The HS challenge test works by causing a change in the
osmolarity of airway-lining fluids in a manner similar to exercise.
In addition, the ease of test administration and of obtaining a
dose-response curve, and the ability of HS to induce sputum

Table 4. Sensitivity, specificity, accuracy, and the positive and negative predictive values of the HS-AHR and MCh-AHR tests for

exercise-induced asthma

HS-AHR MCh-AHR

PCx<4 mg/mL PCxn<1 mg/mL Total
W G TG

EB (+) 17 12 26 3 20 9 29

) 2 5 4 3 2 5 7

Total 19 17 30 6 22 14 36
Sensitivity 58.6% (17/29) 89.7% (26/29) 69.0% (20/29)
Specificity 71.4% (5/7) 42.9% (3/7) 71.4% (5/7)
Accuracy 61.1% (22/36) 80.6% (29/36) 69.4% (25/36)

Predictive value

Positive 89.5% (17/19) 86.7% (26/30) 90.9% (20/22)
Negative 20.4% (5/17) 50.0% (3/6) 35.7% (5/14)

HS, hypertonic (4.5%) saline; AHR, airway hyperresponsiveness; MCh, methacholine
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with further inhalation make the HS challenge test an attractive
means of simultaneously evaluating both AHR and airway
inflammation, which are the two characteristic features of
asthma'®. We previously reported that AHR to HS (an indirect
stimulus), as compared with AHR to MCh (a direct stimulus),
might better reflect asthmatic airway inflammation. As an
extension of this concept, we investigated whether HS-AHR or
MCh-AHR is more closely related to EIB.

Belcher et al.” showed that EIB is significantly related to
airway responsiveness to HS but not to histamine. Makker and
Holgate‘& showed that in 29 asthmatic patients with a history of
EIB, 23 (79%) were responsive to 3.6% NaCl. They also found
that neither histamine nor MCh-PCy were significant correlation
with EIB symptom severity scores or responsiveness to HS.
Moreover, Belcher et al"” showed that exercise and 3.6%
aerosolized HS induced refractoriness interchangeably under
repeated examination, whereas histamine-induced broncho-
constriction did not induce a refractory period to EIB.

Both EIB and HS-AHR seem to occur in patients with severe
asthma. Atopy, defined as a positive skin test to allergens,
especially Dermatophagoides pteronyssinus, contributes to the
development of exercise-induced bronchospasm independently
of AHR to MCh?. Peripheral blood eosinophil count?’,
eosinophil cationic protein  concentration® 2, leukotriene  Cq
production by eosinophilsz‘”, airway eosinophil count, and
eosinophil cationic protein concentration® % have been shown
to be correlated with EIB. In the present study, peripheral blood
eosinophil counts were also found to be related to EIB. Chae et
al® showed that EIB is more related to sputum  eosinophil
counts than with atopy. In addition, in the present study,
patients with EIB had significantly more severe MCh-AHR.
Patients with positive HS-AHR also had higher peripheral blood
eosinophil counts and significantly more severe MCh-AHR than
those with a negative HS-AHR. Smith and Anderson®” showed
that asthmatic patients recording a fall in FEV; of >20% to
45% saline had a PDyxp to MCh of < 2 pM, which is a
response consistent with moderate to severe AHR. Because an
MCh-PDy of <2 pM is comparable to an MCh-PCy of <4
mg/mL, their results concur with our result of an MCh-PCxy of
5.30 mg/mL for patients with HS-AHR. However, the geometric
mean MCh-PCx was 1.08 mg/mL even in patients without
HS-AHR; thus, HS-AHR seems to occur when MCh-AHR is
moderate to severe (i.e., MCh-PCyx <1 mg/mL), according to
the American Thoracic Society’s grading system'.

AHR to distilled water, another osmotic stimulus, was also
found to be significantly correlated with EIB, and cromolyn was
found to block both distilled water-induced bronchospasm and
EIB in patients with asthma, which suggests the presence of a
similar mechanism®. However, the sensitivity of the AHR test
using HS is higher than that based on distiled water”, and HS

inhalation can be used to simultaneously test for AHR and
airway inflammation, the characteristic features of asthma'®.
Therefore, an investigation into the relationship between
HS-AHR and EIB would be worthwhile. In Korea, only one
study by Cho et al® has been conducted using distilled water,
in which it was observed that distilled water inhalation caused
coughing without a deterioration in lung function in cough
variant asthma.

Although the specificity of the HS-AHR test was high for the
diagnosis of EIB, its low sensitivity and poor negative predictive
value suggests that the test would be inappropriate as a
screening tool. MCh-AHR, but not HS-AHR, was significantly
different for asthmatic patients with EIB and without EIB.
Moreover, both positive and negative predictive values were
higher for the MCh-AHR test than for the HS-AHR test at a
MCh-PCy cutoff value of <1 mg/mL. Therefore, the MCh-AHR
test was found more useful than the HS-AHR test at predicting
EIB. The diagnostic accuracy or total value of a test for
diagnosis can be evaluated in terms of specificity plus
sensitivitya”, and in the present study, the accuracy of the
MCh-AHR test was greater than that of the HS-AHR test.

We speculate that EIB may be more closely related to
HS-AHR than with MCh-AHR because the underlying
mechanisms of HS-AHR and EIB appear similar, and both
appeared in asthmatic patients with moderate to severe
MCh-AHR. However, even though the specificity of the
HS-AHR test was comparable to the MCh-AHR test for
moderate AHR its sensitivity and negative predictive values
were poor, which preclude its use as a screening tool for EIB.
Thus, at a cutoff value corresponding to moderate AHR,
MCh-AHR may be more useful that HS-AHR for predicting EIB
in asthmatic patients.
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