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I ntroduction

Allergic asthma is a Type 2 (T2) inflammatory dise@ommonly presented in
childhood. A complex interplay between genetic angironmental factors has been
implicated in its pathogenesi€Environmental exposures seem to play an important
role in the rising trend of the disease prevalérfc&here are several preventable
environmental factors known to increase the rislasthma in children such as damp
and moldy housingr cigarette smok&?®?

There is evidence that exercise improves daily $gmp>® the overall quality
of life as well as limiting the need for high-doggucocorticoids in asthmatic
children’® Besides, one of the goals of asthma treatmeut fisaintain a normal and
healthy lifestyle, which includes regular exercises low physical activity is
independently associated with faster decline iy fumction®**

Aerobic physical exercise such as swimming has beported to improve
nocturnal asthma in childréhand adults by reducing the prevalence and frequehc
nighttime symptom$®> Swimming is proposed to be superior to other forofis
exercise for children with asthma due to the wamnmidified air and low pollen
count exposure that reduce bronchoconstriction e as due to the hydrostatic
pressures on the chest wall that improve elastigilref the thoracic walt? Inhalation
of moist air has been supported to have a protectile against the onset of exercise-
induced bronchoconstriction (EIBj,a frequent phenomenon presented among elite
athletes® Significant beneficial effects of swimming haveehereported regarding
peak expiratory flow, cardiorespiratory fitnEs¥ and body composition in analyses
including children/adolescents with asthma comp#odtealthy control$®°

However, swimming in indoor chlorinated swimming o involves

inevitable exposure to disinfectants and its bypobsl Chlorination is the most
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preferred method used for swimmers' safety. Chéoisradded to swimming pool
water as chlorine gas or as sodium hypochlorite calcium hypochlorité?
Hypochlorite, in turn, reacts with organic mattesrided from swimmers (sweat,
urine, saliva) to generate inorganic chloramineonachloramine, dichloramine,
trichloramine). Trichloramine, in particular, issponsible for the characteristic odour
of the swimming pool and irritant symptorfsEarly life exposure to chlorinated
swimming pool environments has been associatedpuéttschool asthma onsg* 3
especially among the youngest children and thosle an atopic predispositidii®
Furthermore, endurance swimming coupled with desiibn by-products exposure
has been associated with increased airways dysbanahd neurogenic inflammation
in elite swimmer£®?® Chloramines were also described as the most frequaeise of
occupational asthma frequently seen in swimmingl mooployees and healthcare
workers® Specifically highly exposed to indoor swimming poenvironments
asthmatic lifeguards for more than 500 hours hasligaificantly higher risk of
suffering from asthma exacerbation(s) compared tmn-exposed asthmatic
lifeguards®® Swimming pool attendance appears to be associatid autonomic
changes and increased baseline airway smooth mosaktriction even in children
without asthm&’>* Specifically, chlorinated pool induces perturbasioof the
immune response via acute alterations of serumkinydp damage associated
molecular pattern and chemokine secretfott.

Fractional exhaled nitric oxide (FeNO) testing ddoges a non-invasive,
inexpensive and easy to perform assay, used fomasimonitoring and treatment
management:3® FeNO correlates with airway hyperresponsiveness aots as a
marker of airway inflammatioff>® Previous studies attempted to study FeNO

immediate and delayed changes after exeffidewever, it is not known whether the
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FeNO measurement could efficiently monitor airwayflammation in young
swimmers.

The aim of the present study was to evaluate Fedl@Id as a marker of
airway inflammation due to chlorine exposure inygasymptomatic swimmers with
controlled-asthma attending an indoor chlorinat@arsning pool compared to a set
of healthy swimmersTo that end, we assessed pre and post-exercise Fal( in
asthmatic and non-asthmatic children in two distiexercise fields; in an indoor
chlorinated swimming pool and an in-hospital, stadiry cycle ergometer.

Methods
Participants and study design

146 volunteer young male and female swimmers aged &8 years old
constantly attending an indoor chlorinated swimnogl in Larissa, the largest city
of the Thessaly region in central Greece, were lardor this study from 2012 to
2014. Since allergies can trigger asthma, thisystvs conducted from September to
February of each year, to avoid exposure to attesgmuli.

Exclusion criteria included a history of upper ower respiratory infection,
antibiotic treatment within the last month, usetobacco products (including e-
cigarettes), a cardiovascular history, and a bhasegdost-bronchodilator FEV1/FVC
ratio of less than 70%. Furthermore, asthmaticestibjwere steroid naive; had not
been treated with systemic or inhaled corticostera¥ithin the last 3 months.

All athletes completed a validated structured syrgeestionnairé’?® This
guestionnaire included information on demographaghletes’ training history in
indoor swimming pools, a detailed medical histolyasthma or atopic disorders such

as allergic rhinitis and/or atopic dermatitis, asllvmedication history, as previously
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described in competitive swimme¥s?® All questions were explained simply and
answered with the help of parents.

The ethics committee of the University HospitalLafissa approved the study
protocol. All subject's voluntary confirmation ofilimgness to participate in this

study was further approved by their parents who gés/e written informed consent.
Spirometry procedure

Spirometry test was performed with a dry spiromgt@pirolab 11l MIR)
according to the American Thoracic Society (ATS) &uropean Respiratory Society
(ERS) guidelined’*® The closed circuit method was followed. Calibraticimecks
were carried out daily, before the beginning of $h@ometry program. A respiratory
physician who had undergone a special training narogperformed spirometry
testing. All spirometries were done in a sittingion.

At least 3 acceptable maneuvers which met repdidyalariteria were
performed. An acceptable maneuver was definedlesviE 1) an explosive start (no
hesitation or sigmoid curve) with a back-extrapolatvolume <150 mL, 2) the
maneuver was performed with a maximal inspiratiod &xpiration, 3) no glottis
closure or cessation of airflow occurred during theaneuver, 4) no coughs
(particularly during the first second), inspirationduring the trace or evidence of
leaks, and 5) the maneuver met the end-of-tegrizi{exhaling for6 seconds with
<50 mL being exhaled in the last 2 seconds. Foeguratory maneuvers were
repeated until three acceptable reproducible teste obtained and the best. Forced
expiratory volume in one second (FEV1), forced lvitapacity (FVC), their ratio
FEV1/FVC (FEV1%) were recorded and further analyZefl The results obtained
were expressed as a percent of predicted valuest-&tting bronchodilators were

withheld for at least 4 hours in case of a previpkeown history of asthm#.
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Diagnosis of asthma

A bronchodilator reversibility test with 400 pug sélbutamol was used. A
positive response to bronchodilators was definedrasicrease in FEVof 200 mL
and 12% from the pre-bronchodilator value (baseliakie) according to ATS/ERS

guidelines®
FeNO measurement

Earlier studies used FeNO as an appropriate tool ewealuating the
environmental effect on airways in indoor swimmimapls?*°*? Accordingly, FeNO
was measured using a portable analyzer (NobreatifoBt, United Kingdom). The
testing standards for FeNO followed the guidelirm®mmended by the ATS and the
ERS#%*? Measurements were taken before spirometry intmgiposition, and the
obtained values were expressed in parts per billppb). All measurements were
performed thirty minutes after children arrivedtsg swimming pool and immediately
after the end of one-hour exercise. Similarly, Fei@ spirometry were measured at
the beginning of the cycle ergometer exercise hacehd of the exercise. Calibrations
were performed regularly, and the reliability oetkest was confirmed with three

values that varied < 10%.
Cardiopulmonary exercise testing (CPET)

Cardiopulmonary exercise testing was performed ayce ergometer. All
asthmatics and non-asthmatic CPET-participants vaer@omly selected from among
the population of asthmatic and non-asthmatic swensmrespectivelyThe protocol
involved a gradual increase of the exercise lodil tive athlete reached maximum

exhaustion. All subjects inhaled dry air (10 mg H2at room temperature through a
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two-way valve and mask. During the first three nb@sy at rest, registration of MO

was performed and then for three consecutive msnutiee athlete was cycling
initially without resistance and then with a comshaincreasing load (5-25 Watt/min)
until exhaustion was reached. A valid test was iciemed when one of the following
criteria was met 1) the Respiratory Exchange R@IBR) was >1.10, 2) heart rate
was > 90 % of the predicted maximal heart rateashendividual and 3) plateau of

VO, was observed
Exposure measurements pool

The Hery et al. meth8d was used to determine the levels of airborne

trichloramine in the swimming pool.

Statistical analyses

Quantitative variables were expressed as meansalith standard deviation
(SD), while qualitative variables were presentefr@guencies with percentages. Chi-
square test was used to explore any associatiomgede qualitative variables. To
identify differences between two independent growmpen the dependent variable
was either ordinal or continuous, unpaitadsts or Mann—Whitney tests were used
for normal and skewed data, respectively. Repeabsdsurements analysis of
variance (ANOVA) was adopted to evaluate the chargeserved in FeNO and all
spirometry measurements with regard to the presehesthma over the follow-up
period. All reported p values are two-tailed. Stidal significance was set at p <0.05

and analyses were conducted using SPSS statstitalare (version 19.0).

Results
146 children with a mean age of 13.1+2.8 yeardqpated in this study. The

demographic and clinical characteristics of thejesttb are presented hable 1. 72
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were boys and 74 were girls with a mean age of#P364and 12.9+2.9 years,
respectively. The average swimming period was 6/8a8s. 10 children self-reported
with asthma; half of whom reported a periodic itatorticosteroid use not extended
within the last three months, according to exclusiateria of the study. All of them
were medicated with as-needed SABA and 4 childreth wlaily use of anti-
leukotriene agents. 2 of them also had a known caédhistory of allergic rhinitis
based on the presence of specific nasal symptomsmganied with the proper
laboratory investigation both reported a sensitvito pollen. Remarkably,
bronchodilator reversibility testing revealed 23laten (15.8% of the sample) with
asthma. Hence, 13 children were newly diagnosedtamdwere never medicated for
asthma. There was no difference detected regartheglength of exposure to
chlorinated water between the athletes with a knbistory of asthma and the newly-
diagnosed asthma group (7.92+2.75 vs.6.18+1.89,0850. None of the children in
the study was detected with atopic dermatitis basedkin examination and medical
history. A randomly chosen sample of ten asthmgficsnales and 3 females) and
four healthy children (2 males and 2 females) framong the same population of
swimmers underwent CPET. Furthermore, no differemes observed for FeNO

values in terms of gender, and body mass indextin &xercise fields.
Training environments

The swimming squad trained in an indoor pool withtamperatures of 28 °C
and relative humidity above 60%. The mean airb@wmecentration of trichloramine
was less than 0.1 mg’min contrast, CPET measurements were performedoan
temperature 24+0.5°C, humidity 37t1 %, barometnespure 1002+10 mmHg and

height 90m.
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Pre and post-swimming FeNO and spirometric values of study participants

As shown inTable 2, asthmatic children (n=23) had significantly higipee-
exercise FeNO values compared to non-asthmaticd2@)= (40.1£19.6 ppb vs.
9.247.6 ppb, p<000.1). In both groups, post-swingnikeNO values were
significantly lower compared to pre-swimming FeNQ@lues. However, in the
asthmatic group, post-exercise FeNO values remaiggdficantly higher compared
to post-exercise FeNO values of the non-asthmatiom(26.5+15.3 vs. 6.7+6.2 ppb,
p<000.1). The FeNO levels in 2/23 asthmatic atkletdho suffered from allergic
rhinitis were among the highest in the study grolijpere were no significant
variations of spirometric parameters (FVC, FEV1VEHB-VC) in both groups before

and after swimming. The swimming training lastechanr.

Pre and post-cycle ergometer exercise FeNO and spirometric values of study

participants

Comparisons of healthy (h=4) and asthmatic childreriLO) before and after
exercise (CPET) regarding FeNO and spirometric esalare presented ihable 3.
Pre-exercise FeNO values were not varied amongpgro8imilarly, there was no
significant difference in post-exercise FeNO valbesveen the two group® both
asthmatic and non-asthmatic groups post-exerciddOFealues were significantly
decreased compared to pre-exercise FeNO valuesarmtepost-cycle ergometer
exercise spirometric parameters (FVC, FEV1, FEVIIlF\showed no significant
difference between the two grouptable 3). The mean of V@max for the two
groups was 34.2+5.5 mL/kg/min, did not significgrdiffer between males (n=9) and
females (n=5), (34.1+5.5 vs. 34.3+6.2, respectiveblowever, asthmatics had

significantly lower mean Vé@nax values compared to healthy childr&algle 3).
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In 10/20 asthmatic swimmers who underwent CPETngspre-CPET FeNO
values were significantly lower compared to premsming FeNO values (18.1+9.5
vs. 33.6+£21.9 ppb, p<0.001). Likewise, in this gmbup, post-swimming FeNO
values were significantly higher compared to pgste ergometer exercise FeNO
values (23.6+15.5 vs. 13.1+7.2 ppb, p<0.00R3ble 4). The mean CPET exercise

lasted approximately 15-25 minutes including recpve
Discussion

In this study, we evaluate pre and post-trainindN®elevels in young
asthmatics swimmers attending indoor chlorinateinsming pools compared to a set
of healthy swimmers. To examine the potential aEkxposure to chlorine as a factor
associated with increased FeNO levels in asthmatesfurther assessed pre and
post-exercise FeNO levels in a randomly selectdoyreup of the initial study
population that trained in a non-pool based exerdisld, i.e.,, in an in-hospital,
stationary cycle ergometer.

Interestingly, 16% of the study group detected vaisthma, 56.6% (13/23) of
whom were newly diagnosed. This is in agreemeni wther research reporting a
high prevalence of asthma and airway hyper-resgensss among pool-based
endurance swimmers as well as a higher frequencymwént asthmt&han non-pool-
based athlete®. Swimming pool attendance has been previously assatiwith
increased airway inflammation and smooth musclesttmtion even in children
without asthm&? Notably, a dose-response relationship between swimrmpool
exposure and asthma has been indicated in childittnasthma onset after the first
year of age according to previous ddtZhe association of asthma with indoor pool

attendance during childhood is still uncléaHowever, it is supported that children
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who were both sensitized and exposed seem to havartecularly high risk of
developing i

One of the main findings of this study was thatriesan concentration of pre-
swimming FeNO in asthmatics was not only signifitaabove the upper limit of the
normal range for healthy children but also gretitan 30 ppb, a level which has been
associated with uncontrolled asthma, implicatingt tthe presence of an irritating
factor at the swimming pool such as chlorine migbt responsible for increased
airway inflammation in asthmatics.

17% (4/23) of the asthmatics were medicated wittkkd&riene antagonists
which are known that affect FeNO levéisrurthermore, 9% (2/23) of the asthmatics
suffered from allergic rhinitis an atopic conditidhat is correlated with elevated
FeNO levels; however, the small sample sizes didatiow the detection of some
level of effect with inferential statistics. In thgresent study, multiple potential
influencing factors that can modify FeNO were as@luated. Male gender and
height have been reported as independent factorinaéased FeNO levefS.
Nevertheless, no difference was observed in FeNQesan terms of gender, and
body mass index between groups.

Importantly, bycomparing FeNO levels of the ten same asthmatietathin
distinct exercise fields (i.e. in an indoor chlated swimming pool and a non-pool-
based sporting background) we showed that FeNO ureragents before CPET were
significantly lower compared to FeNO values befearemming, further emphasizing
that the presence of a provoking factor in poolewahight increase pre-swimming
FeNO values.

The mean trichloramine exposure levels determineithis study were below

the recommended air concentration level of 0.5 my/mWorld Health Organization
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244  (WHO) reference value based on stationary samflifidnerefore, these levels could
245  not be surely associated with the high FeNO leuelasthmatics. However, it has
246 been reported that long term exposed swimming pawkers have approximately
247  half as high exposure to trichloramine comparedhwstationary measurements
248  performed in parallé®*® Furthermore, according to Pedersen et al. trichhime
249 levels between 0.1 and 0.57 mg’nshowed an increased prevalence of asthma in
250 swimming pool staff’ Moreover, a following study determined irritatisgmptoms
251 among swimming pool employees at trichloramine lewa 0.2—0.3 mg/it > A
252  significantly increased risk of at least one ocudgmptom has been previously
253 attributed to trichloramine exposure above 0.0§/m. Furthermore, high air
254  concentrations of other disinfection by-productghsas trihalomethanes (THMS)
255  which had not been measured in this study mighiipdicated in the persistent post-
256  exercise airway inflammation observed in young rastiic swimmers.

257 In this study, we showed that spirometric paransetegre normal after one-
258  hour pool chlorine exposure. Similar to our resdliag function has been previously
259 reported to be unchanged in competitive swimrmets. addition, there were no
260 significant differences in mean spirometric (FEMAYC and FEV1/FVC) values
261 between the two distinct exercise fields and at éhd of both types of activity.
262 However, FeNO values remained elevated in asthnehitdren. Hence, FeNO
263  constitutes a sensitive marker of airway inflamatcompared to spirometry in
264 young swimmers. In detail, in asthmatic athletegstiswimming FeNO values
265 remained significantly increased compared to ndhragtic swimmers and
266  significantly elevated compared to their post-CHENO values. Chlorine could be a
267 responsible agent for a certain degree of airwdlammation remained fairly

268 constant in asthmatic swimmers; however, basedherfact that FeNO levels in both
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cohorts (asthmatics and non-asthmatics) dropped approximately 1/%,
independently of the presence of chlorine, we dpéeuthat there was no real
difference in post-exercise NO responses betweengreups. In asthmatics, pre-
exercise NO values started much higher and hatdidutb drop compared to non-
asthmatics. Similarly, the post-exercise differenoe FeNO observed between
different sporting fields might be attributed togher initial pre-swimming FeNO
values versus pre-CPET FeNO values.

Notably, we observed that post-exercise FeNO valese significantly
decreased by approximately %/3n both healthy and asthmatic children in both
sporting backgrounds in line with the results afpous work which documented that
FeNO decreased at the end of exercise in bothHyealid asthmatic subjects>
Specifically, Terada et al. reported that FeNO ificantly decreased in asthmatic
children with EIB compared to healthy non-EIB chdd and further supported that
NO production in response to exercise may be iregdit patients with asthnalt is
widely accepted that NO has a crucial bronchoptvtecole that represents not only
airway inflammation but also a protective functiohNO against EIB acting as an
airway smooth muscle relaxant in humanstence, decreased NO levels might act as
a counter-regulator of bronchospa¥ii’ In a more recent study, Font-Ribera L et al.
found that although FeNO levels were unchangedativemong healthy adults after
swimming pool exposure, they tended to decreasengnadopics> Furthermore,
Carbonnelle S et al. reported a FeNO increase aftthenon-asthmatic individuals
who trained in a non-chlorinated pool, not obsemved chlorinated pool, suggesting
that chlorination might inhibit NO-induced vasodiie observed during exercisé.

Contradictory data reported that the FeNO conctotradid not change in

asthmatic children after a treadmill exercise @mje>® Another study suggests that
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aerobic exercise training increased FeNO generati®ossible explanations of the
aforementioned discrepancy might be the method@fmeasurement, online versus
off-line, different patient backgrounds, or diffatenethods for exercise challenge, as
well as the use of an inhaled steroid. For instaitrcéhe study by Scollo et af the
majority of patients with EIB had been previousheated with inhaled steroid
whereas none of the asthmatic athletes had beemhated steroid in our study.
Importantly, according to Terada et al., a decraaséeNO in asthmatics after an
exercise challenge is observed only in steroidegatients, not in steroid-treated
patients®®> On the other hand, Tsukiyama et al. did not irgagt the effects of
exercise training on FeNO in asthmatic young adisldiut in adult non-asthmatic
workers>®

In this study, both swimming sessions and CPET istets of a submaximal
and maximal exercise test. As far as the potemglact of exercise intensity in
FeNO is concerned, there is only one study repastgdificant decreases in post-
exercise FeNO levels between different trainingckdo with moderate load training,
resulting in the worst lung in competitive youthisuners®’ There was a difference
in the average time spent swimming versus the geetane of the CPET. So far,
however, there has been no reliable evidence ftffetehces in exercise endurance
time had an acute effect on FeNO levels. Partibylalr has been supported that
adolescent elite swimmers do not have significagitssof airway damage after only a
few years of intense training and competition. Thieyelop respiratory symptoms,
airway inflammation, and airway hyperresponsivenasly during their swimming
careers® Besides, athletes' asthma which may be developedgiand subside after
an active sports career, is partly reversiBfé.In support of this, another study

reported that there was no acute effect of a swirgntiaining session in an indoor
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chlorinated pool on lung function or airway compiasi in adolescent swimmer$®
FeNO was found to be unchanged among healthy nakiamadults before and after
they swam for 40 min in a chlorinated indoor swimgpool (short term chang®).
However, intense, long-term swimming training irdaor chlorinated swimming
pools has been associated with airway changesasitoilthose seen in mild asthma,
with higher mucin expressidii.There is a growing body of evidence illustratihgtt
athletes who regularly attend indoor swimming poats acutely and repeatedly
exposed to high concentrations of inhaled surfagéamts, such as chlorine gas
derivatives which can induce airway inflammatiord aemodeling process that may
lead to the development of asthma/Ef8? Hence, the increased occurrence of
asthma/EIB in swimmers may be caused by the cordleffects of the inhalation of
by-products arising from disinfection and the higlmber of training hour®

Previous research has shown that FENO measureteirexpired gas of
asthmatic patients decreased after repeated spmomefforts, but that
bronchoprovocation may counteract this fall in esgi FeNCP? In this study, we
found that although the mean swimming time of tbang athletes was relative low
(6.5£3 years), one-fifth of the study group was woented suffering from asthma,
having persistently higher FeNO levels after repéatpirometry efforts before and
after swimming training compared to non-asthmafidss result is indicative of the
presence of a provocative factor of airway inflartiorain the pool. Conversely,
normal FeNO levels were measured in a non-chlathakercise field.

FeNO measurement is reported to be a very usefthnpater for the
management of asthma, which is able to maintairea@rent sufficient to obtain a
meaningful improvement of asthma. What is moréyrastic swimmers with repeated

exposure to airborne irritants and sensitizing &gemay be at risk of a progressive



344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

15

loss of asthma control and should be monitored wathtion. More precisely, high
FeNO levels have been proposed as a marker ofra&spi disease in professional
divers who should be scheduled for further clinledloratory investigation and more
careful managemeft.Likewise, FeNO measurement has been considerecfal us
marker for the asthmatic children/adolescents tstemaexercise-induced asthma and
EIB to be able to participate in physical activity an equal level with their pe€rsA
precise early diagnosis with optimal treatmentdiatup is vital in this aspeét.
Besides, there are perspectives for moderate egeas a potential therapeutic tool
for asthmatic§? Training reduces breathlessness and asthma sympiuinsttenuates
T2-mediated inflammatory responses. Taken togettier, benefits of swimming
training far outweigh the potential hazards.

One of our study limitations is that swimming anBET are distinct forms of
exercise, but our study protocol focused on thesgaree and absence of chlorine
factor respectively, rather than the exercisefit3¢le main limitation of the study is
the low number of subjects with CPET although thBET-participants were
randomly selected from among the study populatioasthmatic and non-asthmatic
swimmers and were used to document the existencestalbility of FeNO
measurement in a non-pool-based sporting backgratod the comparisons surely
need to be further investigated. In this studyjviddials with asthma had very mild
disease. The results may not be relevant to thode more severe disease taking
inhaled corticosteroids or other controller medmad, given that FeENO could be
decreased in a dose-dependent manner by inhaleéstosteroids. Moreover, air
concentrations of THMs that might be implicated the persistent airway
inflammation observed in young asthmatic swimmexd hot been measured in this

study.
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In conclusion, FeENO compared to spirometry, coumts a more sensitive and
easy to perform assay in detecting airway inflanmomatin young swimmers,
consequently, discriminating population at riskasfs of asthma control. FeNO levels
were higher in asthmatic swimmers and remainedfgigntly increased after an-hour
pool workout in the chlorinated indoor environmeampared to healthy athletes.
Further monitoring of the subgroup of asymptomgtang children with controlled
asthma and persistently high FeNO levels for aiptes$oss of asthma control and

asthma exacerbation is recommended.



Table 1. Demographic and laboratory characteristics of study participants (N=146)

Characteristics Total (N=146) | Males (n=72) Females (n=74) p-value
Age(years) 13.1+2.8 13.4+2.7 12.9+2.9 0.179
BMI 20.3+3.0 20.9+3.0 19.7+2.9 0.180
Height (cm) 162.1+14.2 166.0+14.4 158.3+12.9 0.084
History of Asthma

Yes (%) 23 (15.8) 15 (20.8) 8(10.8) 0.075
Swimming history

(years) 6.5+3.0 6.812.8 6.1+3.1 0.064

*Data are expressed as mean + standard deviatioasdrequency (percentage).




Table 2. Comparisons of healthy (n=123) and asthmatic children (n = 23) before (pre)

and after (post) exercise (swimming) regarding FeNO and spirometric values

Pre Post Change

MeanSD MeanSD MeanSD p** Pt
FeNO (ppb)
Healthy children 9.217.6 6.716.2 -2.5+3.8 <0.001 0.001
Asthmatics 40.1+£19.6 26.5+15.3 -13.6112.2 0.003
p* <0.001 <0.001
FEV1 (mL)
Healthy children 107.0+14.4 107.2+14.4 0.246.2 0.812 0.700
Asthmatics 104.5+10.0 103.9+11.4 -0.615.0 0.695
p* 0.552 0.449
FVC (mL)
Healthy children 110.2+14.8 110.1+13.9 -0.1+6.2 0.546 0.923
Asthmatics 109.3£12.3 109.8+13.0 0.5+2.7 0.541
p* 0.853 0.944
FEV1/FVC
Healthy children 86.3t7.0 86.817.2 0.514.8 0.397 0.597
Asthmatics 86.8+5.4 86.416.9 -0.4+3.5 0.702
p* 0.804 0.843

®Data are expressed as mean * standard deviatiovaipe for group effect; **p-
value for time effect*Repeated measurements ANOVA. Effects reporteddinclu
differences between the groups in the degree afgiaver the follow-up period



Table 3. Comparisons of healthy (n=4) and asthmatic children (n=10) before (pre)

and after (post) exercise on cycle ergometer (CPET) regarding FeNO and spirometric

parameters
Pre Post Change
MeanSD MeanSD Meanz SD p** Pt
FeNO (ppb)
Healthy children 13.816.4 9.514.2 -43+2.6 0.048 0.654
Asthmatics 19.8+10.3 14.617.8 -5.2+3.7  0.002
p* 0.302 0.246
FEV1 (mL)
Healthy children 98.815.2 99.5+8.3 0.7 £3.8 0.767 0.262
Asthmatics 104.5£11.3 101.849.4 -2.715.3 0.111
p* 0.354 0.677
FVC (mL)
No asthma 107.845.4 107.5+ 3.8 -0.3+3.3 0.856  0.927
Asthma 108.1+£14.5 108.0£13.9 -0.1+2.5 0.909
p* 0.964 0.946
FEV1/FVC
Healthy children 87.5%5.5 88.315.5 0.8 0.453 0.684
Asthmatics 84.7+3.4 85.0+3.5 0.3 0.663
p* 0.264 0.200
VO,max (mL/kg/min)
Healthy children 41.5+3.3
Asthmatics 31.3+2.7
p* <0.001

®Data are expressed as mean *standard deviatiomaipe for group effect; **p-
value fortime effect; }Repeated measurements ANOVA. Effects reported include
differences between the groups in the degree afgdhaver the follow-up period



Table 4. Comparisons of pre and post-exercise FeNO, FEV 1 and FVC vaues
between swimming and cycle ergometer exercise in the randomly selected asthmatic

group who had been trained in both exercise fields.

Swimming pool (n=10) CPET (n=10)
Meant SD Meant SD p
FeNO pre 33.6+21.9 18.149.5 0.001
FeNO post 23.6x15.5 13.1+7.2 0.002
FEV1 pre 104.3+11.8 102.9+10.1 0.615
FEV1 post 103.1+13.1 101.1+8.8 0.381
FVC pre 106.3+12.2 108+12.4 0.944
FVC post 105+13.4 107.9+11.7 0.875

®Data are expressed as mean *standard deviation



