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Summary

Background Elite swimmers have high rates of rhinoconjunctivitis and exercise-induced
bronchoconstriction. Moreover, exposure to chlorine and chlorine metabolites is known to
induce bronchial hyper-reactivity.

Objective To assess the early and late effects of chlorine and exercise on the unified airway of
elite swimmers, and to compare the response to mannitol and field-based exercise challenge.
Methods The Scottish national squad underwent exhaled tidal (FEye) and nasal (Nyg) nitric
oxide measurement, peak nasal inspiratory flow (PNIF), and forced expiratory volume in 1s
before, immediately after, and 4-6 h post-swimming. A sport-specific exercise test was carried
out during an intensive lactate set (8 min at >80% maximum hear rate). All swimmers
underwent mannitol challenge, and completed a health questionnaire.

Results N=61 swimmers were assessed: 8/59 (149%) of swimmers had a positive mannitol
challenge. Nine out of 57 (16%) of swimmers had a positive exercise test. Only one swimmer
was positive to both. Swimmers with a positive mannitol had a significantly higher baseline
FEno (37.3 vs. 18.0 p.p.b., P=0.03) than those with a positive exercise challenge. A significant
decrease in FEyo was observed pre vs. immediate and delayed post-chlorine exposure: mean
(95% CI) 18.7 (15.9-22.0) p.p.b. vs. 15.9 (13.3-19.1) p.p.b. (P<0.01), and 13.9

(11.5-16.7) p.p.b. (P<0.01), respectively. There were no significant differences in Nyo Mean
PNIF increased from 142.4 L/min (5.8) at baseline to 162.6 L/min (6.3) immediately post-
exposure (P<0.01). Delayed post-exposure PNIF was not significantly different from pre-
exposure.

Conclusions No association was found between mannitol and standardized field-based testing
in elite swimmers. Mannitol was associated with a high baseline FEyq; however, exercise/
chlorine challenge was not. Thus, mannitol may identify swimmers with a ‘traditional’
inflammatory asthmatic phenotype, while field-based exercise/chorine challenge may
identify a swimmer-specific bronchoconstrictor response. A sustained fall in FEyg following
chlorine exposure suggests that a non-cellular, perhaps neurogenic, response may be
involved in this group of athletes.
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Introduction

sensitivity for identifying EIB in cold weather and track
athletes [4]. Sport-specific exercise in the field (FBT) is

Exercise-induced bronchoconstriction (EIB) is defined as a
transient increase in airway resistance that occurs after
vigorous exercise [1]. Proposed aetiological mechanisms
include airway drying and cooling as a consequence of
increased ventilatory rates during strenuous exercise [2,
3]. Exercise is an indirect airway challenge, which has
been found to have a high level of specificity, but a low

limited with respect to the standardization of both the
workload and environmental conditions such as allergens,
temperature, and humidity. Eucapnic voluntary hyperp-
noea (EVH), a laboratory-based challenge involving hyper-
ventilation with dry air, has therefore been recommended
as the ‘gold standard’ test for the diagnosis of EIB by the
International Olympic Committee [5]. Mannitol, an
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osmotic challenge, has been found to correlate strongly
with EVH [6].

Elite swimmers have higher rates of rhinoconjunctivitis
and EIB compared with any other groups of athletes [7, 8].
This may seem counterintuitive as they exercise in a warm
moist environment. In a recent study, Pedersen et al. [9]
evaluated airway response in swimmers following four
different challenge tests and found that EVH had a much
lower sensitivity than had been reported previously in
other athletes. Chlorine and chlorine metabolites are
known to induce bronchial hyper-reactivity following
accidental intense exposure [10]. Swimmers are repeat-
edly exposed to chlorine gases and their metabolites,
which accumulate at the water/gas interface on the swim-
ming pool surface. It has been reported that adult elite
swimmers have significantly higher levels of airway
inflammatory cells compared with healthy controls [11].

In a recent preliminary study of young swimmers
attending the district level squad, we evaluated the acute
response to chlorine and exercise using exhaled nitric
oxide (NO), a well-recognized surrogate of airway inflam-
mation, and found no increase following a 2-h training
session [12]. We hypothesized that we may have missed a
late-phase response, and therefore performed a follow-up
study in elite swimmers attending the national-level
training squad. In the present study, we have evaluated
the early- and late-phase exhaled NO response in both the
upper and lower airways. We have also compared the
response with mannitol and sports-specific physiological
exercise challenges.

Methods

Farticipants and study design

The Scottish National swimming squad (61 swimmers)
were assessed over a 3-day residential training weekend
at the National Swimming Academy in Stirling. Swim-
mers are subdivided into two squads: the national squad
(NS), and the national development squad. Swimmers
underwent exhaled tidal (FEyo) and nasal (Nyg) NO
measurement, peak nasal inspiratory flow (PNIF) rate,
and forced expiratory volume in 1s (FEV,) before, im-
mediately after, and 4-6-h post-swimming. A sport-
specific exercise test was carried out during an intensive
lactate set. All swimmers underwent mannitol challenge,
and completed a health questionnaire. Challenge tests
were incorporated into the training programme. Swim-
mers were asked to withhold anti-histamines, leukotriene
receptor antagonists (LRTAs), nasal steroid sprays, and
long-acting P2-agonists (LABAs) for 1 week before the
training session. Inhaled cortico-steroid inhalers could be
taken as normal to avoid a significant negative impact on
training. Participants were asked to refrain from taking
short-acting f2-agonists (SABAs) 12 h before the training

Table 1. Subject characteristics

National National All
squad development swimmers
(n=19) squad (n=42) (n=61)
Age (years)™ 17.74 (0.51)  14.95 (0.15) 15.2 (0.25)
Physician-diagnosed 4 (21%) 6 (14%) 10 (17%)
asthma
Rhinitis 8 (42%) 16 (38%) 24 (40%)
Weekly training (h)* 19.39 (0.86)  15.45 (0.55) 16.69 (0.52)
Duration of competitive  8.47 (0.48) 5.95 (0.28) 6.74 (0.29)
sport (years)*
Atopy 6 (40%) 7 (17%) 14 (24%)
Baseline FEyo* 25.0 (1.1) 16.5 (1.1) 18.8 (0.2)
Positive FBT* 2 (13%) 7 (429%) 9 (16%)
Positive mannitol 5 (33%) 3 (8%) 8 (14%)
challenge™

Data expressed as mean (SEM) unless otherwise stated.
*Significant difference between squads.

weekend. This study was approved by the local ethics
committee (REC ref: 09/S1402/6) and all participants gave
written informed consent. Combined (free) chlorine levels
on each of the three training days were: 1.66 (1.42), 1.58
(1.44), and 1.68 (1.40) mg/L, which are within UK-recom-
mended limits.

Demographics

Baseline characteristics are described in Table 1. The NS
were significantly older, trained more hours per week,
over more years than the national development squad
(Table 2). Ten swimmers (17%) had physician-diagnosed
asthma, three were taking inhaled corticosteroids, one
was taking a LRTA. 24 (40%) had rhinitis according to
ARIA guidelines (16 = intermittent rhinitis, 8 = persistent
rhinitis).

Timing of tests

Complete baseline data were available on 60/61 swim-
mers. Exercise challenge was available in 57 (two were
injured and thereby unable to take part, and two did not
stay for the full training camp). Fifty-nine swimmers
carried out a mannitol challenge; one was unable to
tolerate the procedure due to excessive coughing. Chal-
lenge tests were incorporated to fit into into the training
programme; consequently, the NS underwent mannitol
challenge 5.01 (0.01) h post-exercise, whereas the devel-
opment squad had their mannitol 18.28 (0.33) post-
exercise. Immediate post-swim measures were performed
after a 2-h swimming session. Delayed post-swim mea-
sures were carried out 4.66 (0.18) h after swimming. These
were performed before the mannitol challenge. During the
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Table 2. %fall in FEV, in those with a fall > 10%

Time post- Immediately ~ At 5-min At 10-min  Positive/
exercise post-exercise  recovery recovery negative test
% Fall in FEV, 8.92 12.45 20.12 P
—11.55 —0.19 10.06 N
13.59 13.36 3.23 P
29.25 23.03 22.61 P
21.23 10.31 10 P
26.03 13.7 9.13 P
11.53 -5.9 —6.7 N
18.61 14.93 14.52 P
11.03 4.93 —2.82 N
12.41 15.95 15.19 P
11 15.16 11.98 p*
4.59 10.1 18.37 P
10.67 —0.46 —2.09 N

*Subject was also positive to mannitol challenge (PC,5 = 335 mg).
P, exercise test considered to be positive; N, test considered negative;
FEV,, forced expiratory volume in 1s.

challenge, swimmers achieved a mean (SEM) heart rate of
85.0% (1.12) maximum predicted.

Measurements

Nitric oxide. All participants underwent the measurement
of exhaled tidal NO (FEyq) using a portable MINO (NIOX
MINO® Airway Inflammation Monitor; Aerocrine AB,
Solna, Sweden). A single reading was obtained in accor-
dance with the manufacturer’s guidelines. Nasal exhaled
NO was measured using an adapted MINO device, as
described previously [13].

Sport-specific field-based exercise challenge. The swimm-
ers performed a high-intensity sport-specific field-based
exercise challenge during an intensive lactate set. This
was preceded by a standard low-intensity warm up of
approximately 15-20 min, to avoid muscular injury. Dur-
ing the high-intensity lactate set, swimmers were required
to maintain >80% maximum heart rate (220—age) for at
least 8 min in order to optimally provoke EIB. Heart rate
was measured objectively using pulse oximetry (M-pul-
seTM, Merlin Medical, Gwent, UK). FEV, was measured
using a Piko-6" portable spirometer (Ferraris Respiratory,
Hertford, UK). Results from PIKO devices have been found
to be highly reproducible, and to correlate well with
results from other portable and office-based spirometers
[14]. Heart rate and FEV,; were measured at baseline,
immediately following challenge, and at 5 and 10 min
during recovery. The best of two reproducible readings
was utilized. A positive challenge was defined as a fall in
FEV, of >100% at >2 time-points during recovery [in
accordance with recommendations by the drug-free sport
United Kingdom for therapeutic use exemption (TUE)
certification] [15].
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Mannitol challenge. Mannitol challenge was performed
by administering spray-dry mannitol powder in a gelatine
capsule form (Aridol™ Pharmaxis Ltd, Sydney, Australia),
inhaled from a dry powder device (Osmohaler, Pharmaxis
Ltd, French's Forest, NSW, Australia) as described pre-
viously by Anderson et al. [16]. FEV, was measured 60s
after the delivery of each dose (5, 10, 20, 40, 80, 160, 160,
160 mg) using a Piko-6" portable spirometer (Ferraris
Respiratory). This device was used to ensure the standar-
dization between both challenge tests. The test continued
until the FEV, had fallen 15% or the maximal dose of
635mg had been administered. The provoking dose of
mannitol to cause a 15% fall in FEV; (PD,s) was calculated
by a log linear interpolation. A positive challenge was
taken as being either a 15% fall in FEV, at the threshold
dose (PD;5) or a 10% fall at successive time-points.

Peak nasal inspiratory flow. PNIF was measured using the
In-Check™ PNIF meter (Clement Clarke International Ltd,
Harlow, UK). After horizontal positioning and restoration
to zero, participants forcefully inhaled through their nose
and the best of three measurements was taken.

Health questionnaire (symptoms). A modified version of
a questionnaire used previously in studies on elite athletes
was used to assess the presence of exercise-induced
symptoms [17]. Symptoms of chlorine-induced rhinitis
(blockage/running) were assessed using a visual analogue
scale. Atopy was defined as a history of rhinoconjunctivis
(in accordance with current ARIA definitions) and/or a
positive skin prick test or IgE-specific RAST test within the
last 2 years.

Statistical analysis

SPSS version 15 (SPSS Inc., ChicagolL, USA) was used to
perform the statistical analysis. Non-Gaussian data were
log transformed before analysis. Normalized data were
assessed using repeated measures anova with Bonferroni
correction. y* test was used to check for associations in
non-parametric data. Pearson’s correlation was used for
parametric data. A P-value of <0.05 (two tailed) was
considered significant. As this was an observational study,
no formal power calculation was used.

Results

Challenge tests

Eight out of 59 (14%) of swimmers had a positive
mannitol challenge. Nine out of 57 (16%) of swimmers
had a positive exercise test. Only one swimmer was
positive to both tests. There was no correlation between
maximum FEV, drop in mannitol challenge and max-
imum FEV, drop in exercise challenge. Three out of 10
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asthmatics were positive to mannitol, while only 2/10
were positive to exercise.

Results of subjects who achieved a > 10% fall in FEV,
are detailed in Table 2. Seven out of nine subjects deemed
to have a positive exercise challenge had a fall immedi-
ately post-exercise, which was sustained at 5min (7/7)
and 10 min (5/7) recovery. The mean (SEM) %fall for these
subjects immediately post-exercise was 18.9 (7.0), and
15.2 (6.0) at 5min. Three subjects had a fall of > 100,
which was not sustained; their mean (SEM) %fall was 11.1
(1.7) immediately and —0.47 (1.7) at 5-min recovery. Two
subjects developed a sustained > 10% fall during recov-
ery. The geometric mean (95% CI) mannitol PD,5 was
209.9 (128.7-342.3). The degree of bronchial reactivity,
measured in terms of response-dose ratio (final %fall in
FEV, divided by the total administered dose of mannitol),
was similar in swimmers with EIB and those who did not
respond to either test, of 0.01 and 0.01, respectively. The
response—dose ratio in those with a positive mannitol was
higher at 0.06.

FEpo

Baseline FEyg was 26.7 (16.3-43.6) p.p.b. in asthmatic
swimmers and 17.4 (14.9-20.4) p.p.b. in non-asthmatic
swimmers (P=0.03). Swimmers with a positive mannitol
had a significantly higher baseline FEyq than those with a
positive exercise challenge (Fig. 1). There was a significant
association between positive mannitol challenge and
baseline FEyo > 25p.p.b. (X*=7.76, P=0.01). There was a
weak correlation between maximal fall in FEV; during
mannitol challenge and baseline FEyq (r=0.26, P=0.03).

1000 -
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Fig. 1. Comparison of baseline FEyq in patients with a positive exercise
and positive mannitol challenge. Presented as geometric mean and
950 CIL.

Table 3. Effects of swimming on FEyq, Nyo, and PNIF

Immediate 4-6h

Pre-swim post-swim post-swim

15.9 (13.3-19.1)" 13.9 (11.5-16.7)"
100.93 (5.00) 98.22 (4.45)
162 (6)° 143 (6)

FEno (p.p.b.)* 18.7 (15.9-22.0)
Nxo (p.p-b)F  98.68 (5.39)
PNIF (/min)® 142 (6)

*Shown as geometric mean (95% CI).

TStatistically significant change from pre-swim measure.
iExpressed as mean (SEM).

PNIF, peak nasal inspiratory flow.

There was no association between positive exercise
and high baseline FEyq (x> =0.127, P=0.54). A significant
decrease in FEyg was observed pre vs. immediate
and delayed post-chlorine exposure: mean (95% CI) 18.7
(15.9-22.0) p.p.b. vs. 15.9 (13.3-19.1) p.p.b. (P<0.01), and
13.9 (11.5-16.7) p.p.b. (P<0.01), respectively (Table 3).
This was irrespective of squad, atopic, or asthmatic status.

Nyo

There was no significant difference in Ny between pre-
exposure, immediate, or delayed post-exposure: 98.7
(5.4) p.p.b., 100.9 (5.0)p.p.b. (P=0.70), and 98.2 (4.5)
(P=0.94), respectively (Table 3).

Peak nasal inspiratory flow

Mean PNIF increased from 142 L/min (6) at baseline to
162 L/min (6) immediately post-exposure (P<0.01). De-
layed post-exposure PNIF was not significantly different
from pre-exposure readings (P = 0.90) (Table 3). There was
no significant increase in the visual analogue scale at any
point post-exposure.

Symptoms

Forty-three percent (26) of swimmers complained of
exercise-related symptoms. 36% (8/22) of these had a
positive exercise challenge (four symptomatic swimmers
were unable to take part in the challenge). Thirty percent
(7/26) of symptomatic swimmers had a positive mannitol
challenge. Forty-four percent (4) of participants with a
positive exercise challenge were symptomatic, 56% (5)
were asymptomatic. Seventy-five percent (6) of partici-
pants with a positive exercise challenge were sympto-
matic, 25% (2) were asymptomatic.

Discussion

This study aimed to compare the response to standardized
exercise testing and mannitol challenge in elite national
level swimmers. We also aimed to investigate the com-
bined effects of chlorine and exercise on the unified
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airway. No association was found between mannitol and
exercise challenge. Fourteen percent swimmers were po-
sitive to mannitol, 15% were positive to exercise chal-
lenge, while only one swimmer was positive to both.
While these findings are not supported by studies per-
formed in cold weather or track athletes [6, 18, 19], they
are consistent with the findings of Pedersen et al. [9] who
reported that EVH had a relatively low sensitivity in
swimmers. This is not entirely unexpected as the humidi-
fied air inspired by swimmers during exercise should
decrease the rate of expired water loss during hyperpnoea.
Despite this, swimmers have one of the highest preva-
lences of EIB, which would suggest that the theories of
heat and water loss as a cause of EIB may not be totally
applicable and other factors (such as the presence of
chlorine) may be pertinent.

In the current study, a disconnect was observed between
BHR detected by standardized-FBT and mannitol challenge.
Traditionally, FBT in athletes has been non-standardized
and centred on a challenge using their primary exercise
[19]. This will limit the ability to standardize both the
cardiovascular workload and environmental conditions for
repeated challenges or between athletes, making it inap-
propriate for a direct comparison with highly standardized
tests such as EVH or methacholine challenge. For example,
a sprinter whose main event is a 50m freestyle will be
unlikely to sustain the adverse effects on the airways for
long enough to induce bronchoconstriction; however, EIB
in longer aerobic training sets may still have a significant
effect on training and may still therefore be of importance
to the swimmer. We, therefore, decided to use a standar-
dized, rather than event-specific protocol based on the ATS
(1999) guidelines for exercise challenge and using an
objective measure of heart rate monitoring [20]. In the
current study, all athletes were required to achieve an
average heart rate of 80% of maximum, and maintain this
for at least of 8 min. Environmental conditions within the
pool over the 3-day period were constant. A positive test
required the presence of a sustained fall in FEV, post-
exercise (i.e. a fall of >10% at two time-points post-
exercise) in order to exclude those who may have had a
drop secondary to exhaustion.

In this study, mannitol challenge was positively asso-
ciated with high baseline FEyo, whereas exercise chal-
lenge was not, suggesting that mannitol challenge may be
more sensitive at picking out swimmers with a traditional
‘inflammatory’ asthmatic phenotype, rather than EIB.
Leukotrienes are known to play a significant part in
sustaining the contraction of airway smooth muscle and
airway narrowing in EIB. It is, therefore, also of interest
that mannitol-positive swimmers, who have demonstrated
that their airway is susceptible to endogenous release of
leukotrienes, do not respond to exercise. This suggests that
a different mechanism is responsible for the fall in FEV, to
high-intensity swimming. Mannitol challenge has been

© 2010 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-7

previously shown to correlate very closely with eosino-
phils in induced sputum [21]. Swimmers are thought to
have higher levels of eosinophils and neutrophils in their
sputum [11]. However, a closer inspection of the data by
Helenius and colleagues reveals that most swimmers with
sputum eosinophila were in fact known asthmatics, while
the greater majority of study population had eosinophil
levels comparable with controls. Findings in participants
without known asthma or BHR to methacholine (14/29)
were not separately reported. A study by Boulet et al. [22]
suggested that sputum neutrophils are up-regulated in
swimmers following high-intensity training . This is of
interest as asthmatic subjects with high sputum neutrophil
counts have been found to have milder AHR to mannitol
compared with those with a preponderance of other
inflammatory cell types [23]. However, high sputum
neutrophil counts would not serve to explain the discon-
nect observed between the two challenge tests.

In this regard, the current study used exhaled NO as a
surrogate of airway inflammation [24]. There was a
significant fall in FEyo following a 2-hour swim, and a
trend towards a continuing drop at 4-6 h post-exposure.
This was seen in both squads, and was not affected by
asthmatic or atopic status. Forced vital manoeuvres are
known to ‘wash-out’ FEyq from the airways; however, this
effect has not been established in relation to exercise or
hyper-ventilation [25]. Indeed, the continued decrease in
FEno 4-6 h post-exposure would not support a ‘wash-out’
effect and suggests another action. Case series describing
airway changes following accidental high-intensity
chlorine exposure have described significant drops in
FEyo that persist for up to 2 months post-exposure [10].
It has been suggested that acute chlorine exposure
causes widespread oedema of the respiratory mucosa,
degeneration and desquamation of the bronchial epithe-
lium, resulting in an exposure of vagal receptors, and
consequently enhanced vagal activity with bronchial
hyper-reactivity [26]. Therefore, it appears plausible that
repeated low-intensity exposure to chlorine may cause
bronchial hyper-reactivity by a non-cellular inflamma-
tory response. This would explain the high prevalence of
EIB diagnosed by standardized-FBT, even in swimmers
with normal baseline FEyo. There have been several case
reports of acute pulmonary oedema in swimmers and
divers. In 2004, Adir and colleagues published a case
series of 70 swimmers with ‘swimming-induced acute
pulmonary oedema’ [27]. However, they reported clinical
haemoptysis and a decrease in mean oxygen saturations
to 76%. Adir and colleagues hypothesized that the pul-
monary oedema may have been due to exercising in the
prone position, as this will have affected the distribution
of blood throughout the lung. While no decrease in
oxygen saturations was noted in our swimmers, it is
possible that a combination of exercising in the prone
position and exposure to toxic metabolites may have
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caused a mild degree of airway oedema, which led to a
decrease in bronchial flux. An alternative mechanism for
the suppression of FEyq is a direct blockage of production
through the inhibition of NO synthase (the enzyme re-
sponsible for NO production).

Unlike FEyq, there was no change in Ny following a 2h
swim. The cause for this is unclear; however, a possible
explanation is that at exercise capacity, athletes mouth
breathe rather than breathing through their nose. Given
this, the paranasal sinuses will have comparatively little
gas exchange or chlorine exposure. There was also no
change 4-6h post-exposure, suggesting that there is no
late-phase response in NO. This is substantiated by the
PNIF results, which increase immediately post-exposure
but returns to baseline after 4-6h. The immediate im-
provement is most likely due to a ‘nasal douche effect’,
given that saline irrigation is known to significantly
improve nasal congestion [28]. There was additionally no
significant change in the visual analogue scale either
immediately or 4-6h post-exposure. 27/60 swimmers
had a PNIF<120L/min at baseline. Given that national
elite swimmers train on a daily basis during the season, it
was not possible to establish a truly chlorine-free baseline.

The diagnosis of EIB based on symptoms alone, is known
to be highly inaccurate [29]. In the current study, 43% of
swimmers complained of exercise-related symptoms. How-
ever, only 38% of these had a positive challenge, which is in
keeping with the results of our previous study [12].

There were significant differences in baseline values
between the two squads. The NS were significantly older,
trained more hours per week, over a greater number of
years compared with the National Development squad
(NDS). They also had a greater proportion of asthmatics,
and a higher mean baseline FEyq. It has been suggested
that regular pool attendance is associated with an in-
creased risk of asthma [30], which could explain why the
older, more experienced team has a higher prevalence.
However, this discrepancy may simply be due to the
smaller number of swimmers in the NS.

We recognize some limitations in our study. Ideally,
both challenges would have been performed on separate
days; however, due to constraints of the training time-
table, this was only possible for the national development
squad. Edmunds et al. [31] found little evidence of a
refractory period 4h post-exercise; therefore, the mean
of 5.05 h between challenges in the NS should have been
sufficient to re-establish stored inflammatory mediators.
In addition, Anderson et al. [32] noted that exercising
while breathing in warmed humidified air, did not induce
mast cell degranulation, bronchoconstriction or not pre-
vent the development of severe exercise induced asthma
in response to a standard exercise challenge 30 min later.
These results are further substantiated by those of Hahn
et al. [33] who found that exercise challenge with warm
humidified air led to significantly lower fall in FEV, post-

challenge, and did not induce a refractory period. The
national development squad performed mannitol chal-
lenge 18 h post-exercise; therefore, the refractory period is
not relevant in this group. Although, the NS performed
mannitol challenge 5h after exercise, only one swimmer
had a positive exercise challenge, subsequently followed
by a negative mannitol challenge.

In the current study, we measured FEV, for 10 min post-
exercise. It has been reported that peak fall in FEV, may
occasionally occur up to 30 min [34]. However, the ATS
guidelines on exercise testing conclude that ‘including a
30-min post-exercise observation is controversial, because
such a delay is infrequently seen’ [20]. As a compromise, to
minimize the interference with the athlete’s intensive
training session, we decided that 10 min should be suffi-
cient to pick up the majority of cases. It could additionally
be argued that the non-intensive exercise preceding the
challenge may have induced a refractory period in some
swimmers, which may have led to an underestimate of the
true prevalence of EIB. The low incidence of positive
mannitol challenge in swimmers with a physician diag-
nosis of asthma was unexpected. Of those that were
negative (7/10), two were taking regular ICS. Ideally, all
preventer therapy would have been stopped before assess-
ment; however, it was felt that this would have interfered
excessively with training. Of the remaining five swimmers,
two had a high FEyq (> 30), and three had normal readings
(<20). A normal FEyg in the presence of a negative
mannitol and exercise challenge suggests that these
patients were wrongly diagnosed with asthma.

Conclusion

We have found no association between mannitol and
standardized-FBT in elite swimmers. Mannitol challenge
was associated with a high baseline FEygo; however,
exercise challenge was not. This suggests that while
mannitol may select swimmers with a ‘traditional’ inflam-
matory asthmatic phenotype, there may still be a role for a
standardized field-based challenge in high-performance
swimming, where the bronchoconstrictor response may
have a more complex aetiology. Swimmers show a sus-
tained fall in FEyq following chlorine exposure suggesting
that a non-cellular, perhaps neurogenic, type-inflamma-
tion may be important in airway dysfunction in this group
of athletes. Further large-scale studies are warranted to
understand the pathophysiology of lose-dose chronic
chlorine exposure in elite swimmers.
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