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Abstract

There	 is	 growing	 interest	 in	 the	 potentially	 harmful	 effects	 in	 swimming	 pools,	 and	 the	 potential	 for	 swimming-related	
health	 hazards,	 which	 is	 gaining	 importance	 in	 competitive	 swimmers.	 This	 review	 was	 focused	 to	 discuss	 the	 following	 topics:	 (1)	
prevalence	 of	 respiratory	 difficulties	 in	 swimmers;	 (2)	 the	 possible	 factors	 and	 mechanisms	 which	 lead	 to	 the	 development	
of	 airway	 disorders	 in	 elite	 swimmers;	 (3)	 diet	 and	 nutrient	 supplementation	 for	 the	 management	 and	 prevention	 of	 airway	
problems.	 Summaries	 were	 concluded	 in	 this	 review	 according	 to	 the	 current	 knowledge	 of	 the	 respiratory	 problems	 in	
swimmers:	 (1)	 a	 high	 prevalence	 of	 respiratory	 symptoms	 and	 respiratory	 diseases	 in	 the	 elite	 swimmer	 population;	 (2)	
the	 potentially	 harmful	 effects	 in	 airway	 epithelial	 damage	 and	 lung	 permeability	 may	 caused	 by	 exposure	 in	 cold	 air,	
chlorinated	 products	 in	 swimming	 pools,	 and	 high	 intensity	 training	 in	 swimmers.	 (3)	 Observational	 studies	 have	 reported	
associations	 between	 airway	 symptoms	 and	 nutritional	 intervention	 (i.e.	 polyunsaturated	 fatty	 acid,	 dietary	 antioxidants,	 and	
vitamin	 D),	 which	 may	 have	 application	 for	 promoting	 health	 and	 sports	 performance	 for	 swimmers.

Key	 words:	 athletes,	 airway	 hyperresponsiveness,	 inflammation,	 nutrient	 supplementation.

摘   要

運動選手(如游泳選手)發生呼吸系統疾病問題逐漸受到重視，本篇綜評旨在討論下列課題：(1)選手發生呼吸道疾病之發生
率；(2)發生呼吸疾病之可能原因及機轉；(3)飲食與營養補充對減低呼吸疾病症狀之探討。統整相關文獻後，獲以下結語：(1)游泳
選手發生呼吸道疾病之情形高於其他運動者(如：冬季運動項目、短跑與長跑等)；(2)長期處於含氯物質及其氯產物環境，對吸呼
道黏膜及肺組織將有所傷，而冷空氣環境及高強度訓練模式，亦是增加游泳選手發生呼吸道不適症狀的影響因素；(3)多元不飽和
脂肪酸、抗氧化物質及維生素D等營養素，在減低呼吸疾病臨床研究上證實有改善效益，對於呼吸道疾病發生率較高的游泳選手
而言，應是不錯的飲食及營養補充介入不錯的選擇。

關鍵字：運動選手、呼吸道過度反應、發炎、營養補充
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Introduction

Swimming	 is	 a	 prefer red	 physical	 act ivity	 for	
elderly,	 individual	 with	 arthritis,	 obese	 individuals,	 and	
cardiovascular	 disease	 patients	 to	 improve	 their	 aerobic	
fitness	 and	 metabolic	 capacity	 (Storms,	 2003;	 Nualnim	
et	 al.,	 2012;	 Tanaka,	 2009).	 Although	 regular	 swimming	
is	 considered	 to	 be	 an	 effective	 tool	 for	 promoting	 a	
person’s	 overall	 health,	 recent	 data	 suggest	 that	 it	 may	
have	 potentially	 negative	 effects	 on	 respiratory	 system,	
particularly	 in	 competitive	 swimmers	 (Helenius	 et	 al.,	
2002;	 Pedersen,	 Lund,	 Barnes,	 Kharitonov,	 &	 Backer,	
2008).	 The	 prevalence	 of	 upper	 and	 lower	 respiratory	
diseases	 such	 as	 atopy,	 rhinitis,	 airway	 hyperresponsiveness	
(AHR),	 and	 asthma	 is	 higher	 in	 elite	 swimmers	 than	 the	
general	 public	 (Bougault,	 Turmel,	 Levesque,	 &	 Boulet,	
2009;	 Helenius,	 Rytila,	 et	 al.,	 1998).	 Previous	 studies	
have	 investigated	 some	 factors	 that	 may	 induce	 respiratory	
inflammation	 and	 allergies	 in	 swimmers	 (Helenius,	 Rytila,	
et	 al.,	 1998;	 Helenius,	 Tikkanen,	 Sarna,	 &	 Haahtela,	
1998).	 The	 research	 suggests	 that	 these	 issues	 may	 be	
related	 to	 airway	 epithelial	 damage	 and	 increased	 nasal	
and	 lung	 permeability	 caused	 by	 exposure	 to	 chlorine	 in	
swimming	 pools.	 The	 effects	 of	 chronic	 lung	 exposure	
to	 swimming	 pool,	 disinfected	 with	 chlorine	 and	 its	
byproducts,	 have	 spawned	 an	 interest	 these	 factors	 in	 the	
recent	 years	 (Ferrari	 et	 al.,	 2011;	 Jacobs	 et	 al.,	 2007).	 In	
addition,	 exercise	 training	 load	 and	 cold-air	 exposure	 is	
also	 considered	 as	 important	 factors	 on	 airway	 healthy	 for	
swimmers,	 especially	 in	 upper	 respiratory	 tract	 infection	
(URTI)	 incidence	 (Gleeson,	 Bishop,	 Oliveira,	 &	 Tauler,	
2013).	 Currently,	 specific	 interests	 in	 the	 anti-inflammatory	
or	 anti-allergy	 effects	 of	 polyunsaturated	 fatty	 acid	 (PUFA)	
and	 antioxidant	 compositions	 have	 led	 to	 several	 recent	
evaluations	 of	 supplements	 in	 athletes.	 A	 daily	 diet	
high	 in	 n-6	 PUFA	 was	 found	 to	 be	 associated	 with	 an	
increased	 risk	 of	 allergic	 diseases,	 whereas	 n-3	 PUFAs	 and	
dietary	 antioxidants	 had	 a	 protective	 effect.	 Therefore,	 the	
aim	 of	 the	 present	 review	 will	 discuss	 respiratory	 health	
in	 competitive	 swimmers.	 After	 review	 of	 the	 prevalence	
of	 respiratory	 symptoms	 and	 airway	 disorders	 among	 elite	
swimmers,	 this	 article	 will	 discuss	 the	 possible	 factors	
and	 mechanisms	 which	 lead	 to	 the	 development	 of	 airway	
disorders	 in	 elite	 swimmers.	 Furthermore,	 the	 effects	
of	 airway	 disorders	 on	 exercise	 performance	 and	 the	
medications	 for	 swimmers	 who	 have	 airway	 disease	 will	
also	 be	 investigated	 in	 the	 article.	 Finally,	 this	 article	 will	
also	 discuss	 studies	 of	 diet	 and	 nutrient	 supplementation	
for	 the	 management	 and	 prevention	 of	 airway	 problems	 in	
swimmers.	

Prevalence of Respiratory Difficulties in 
Swimmers

The	 upper	 respiratory	 system	 includes	 the	 nose,	
mouth,	 sinuses	 and	 throat.	 The	 lower	 respiratory	 system	
refers	 to	 the	 bronchial	 tubes	 and	 lungs.	 The	 primary	
upper	 respiratory	 symptoms	 reported	 are	 sneezing,	 itching,	
rhinorrhoea,	 nasal	 obstruction	 and	 symptoms	 associated	
with	 sinusitis	 (Langdeau	 &	 Boulet,	 2001).	 However,	 the	
symptoms	 of	 a	 lower	 respiratory	 infection	 are	 usually	
more	 severe	 than	 those	 of	 upper	 respiratory	 illnesses	
and	 may	 include	 symptoms	 such	 as	 the	 shortness	 of	
breath	 or	 rapid	 breathing,	 wheezing,	 and	 sometimes	 fatal	
respiratory	 failure	 in	 clinical	 anamnesis	 (Helenius,	 Rytila,	
et	 al.,	 1998).	 The	 prevalence	 of	 upper	 and	 lower	 airway	
respiratory	 symptoms	 and	 respiratory	 diseases	 such	 as	
rhinitis,	 airway	 hyperresponsiveness,	 and	 asthma	 has	
dramatically	 increased	 in	 the	 developed	 world	 over	 the	
past	 decades.	 In	 addition,	 airway	 symptoms	 in	 recreational	
or	 competitive	 swimmers	 and	 schoolchildren	 attending	
swimming	 pools	 have	 also	 significantly	 increased	 (Helenius	
&	 Haahtela,	 2000;	 Helenius,	 Tikkanen,	 et	 al.,	 1998).

Upper	 airway	 symptoms	 and	 seasonal	 allergic	 rhinitis	
may	 impair	 athletes'	 performance	 and	 quality	 of	 life	 (QOL)	
(Langdeau	 &	 Boulet,	 2001).	 Nasal	 congestion,	 rhinorrhoea,	
sneezing	 and	 nasal	 itching	 are	 reported	 by	 up	 to	 74%	 of	
competitive	 elite	 swimmers	 (Bougault,	 Turmel,	 &	 Boulet,	
2010b;	 Gelardi	 et	 al.,	 2012;	 Zwick,	 Popp,	 Budik,	 Wanke,	
&	 Rauscher,	 1990).	 Furthermore,	 studies	 have	 reported	 that	
nasal	 symptoms	 may	 be	 due	 to	 an	 acute	 viral	 infection	
or	 a	 post-infectious	 state	 during	 the	 high	 training	 level	
seasons	 (Pyne	 et	 al.,	 2001).

Airway	 hyperresponsiveness	 (AHR)	 is	 a	 respiratory	
symptom	 related	 to	 nonsensitising	 physical	 stimuli	 such	
as	 cold	 air	 and	 exercise,	 chemical	 substances	 such	 as	
methacholine	 and	 histamine,	 or	 sensitizing	 agents	 such	
as	 allergens,	 in	 sensitized	 individuals	 (Yan,	 Salome,	 &	
Woolcock,	 1983).	 AHR	 is	 recognized	 to	 be	 of	 higher	
prevalence	 in	 swimmer	 and	 winter	 sport	 athletes.	 Studies	
in	 competitive	 swimmers	 found	 the	 prevalence	 of	 AHR	
ranging	 from	 36%	 to	 79%;	 this	 was	 significantly	 higher	
than	 controls	 (4%)	 (Helenius,	 Rytila,	 et	 al.,	 1998;	 Helenius,	
Tikkanen,	 et	 al.,	 1998).	 Zwick	 et	 al.	 (1990)	 found	 9	 of	
14	 competitive	 swimmers	 to	 be	 diagnosed	 with	 AHR	
in	 a	 metacholine	 test	 (Zwick	 et	 al.,	 1990).	 Bougault	 et	
al.	 (2010)	 found	 that	 60%	 of	 swimmers,	 29%	 of	 winter	
sport	 athletes,	 and	 17%	 of	 controls	 had	 AHR	 or	 exercise-
induced	 bronchoconstriction	 (EIB),	 and	 they	 could	 be	



亞洲體康學報二十卷一期	 Asian Journal of Physical Education & Recreation Vol.20 No.1

41

allowed	 to	 use	 cer tain	 types	 of	 asthma	 medication	
(Bougault,	 Turmel,	 &	 Boulet,	 2010a).	 Therefore,	 those	
studies	 indicated	 that	 a	 high	 prevalence	 of	 symptomatic	
and	 asymptomatic	 AHR	 and/or	 EIB	 occur	 in	 the	 elite	
swimmer	 population,	 whereas	 winter	 sport	 athletes	 often	
report	 exercise-induced	 cough	 but	 with	 a	 prevalence	 of	
AHR	 and/or	 EIB	 similar	 to	 nonathletic	 controls.	

Asthma	 is	 characterized	 by	 chronic	 allergic	 airway	
inflammation	 with	 remodeling,	 cell	 infiltration	 in	 lung,	 and	
airway	 hyperresponsiveness	 to	 stimulations.	 The	 prevalence	
of	 asthma	 has	 increased	 over	 the	 last	 2	 decades,	 and	
is	 also	 commonly	 found	 in	 sporting	 events,	 such	 as	
swimming,	 cycling,	 or	 long-distance	 running.	 Potts	 (1994)	
repor ted	 that	 13.4%	 of	 738	 swimmers	 have	 asthma	
(Potts,	 1994).	 Larsson	 et	 al.	 (1993)	 observed	 increased	
bronchial	 responsiveness	 in	 38%	 of	 42	 elite	 cross-country	
skiers,	 and	 an	 additional	 21%	 of	 the	 skiers	 had	 asthma	
diagnosed	 by	 a	 physician.	 They	 also	 found	 that	 18%	 of	
the	 speed	 and	 power	 athletes	 (e.g.	 sprinters),	 8%	 of	 the	
long-distance	 runners,	 and	 36%	 of	 the	 swimmers	 had	
increased	 bronchial	 responsiveness,	 and	 12%,	 7%,	 and	 26%	
of	 them	 had	 asthma	 at	 the	 current	 time,	 respectively	 (Larsson	
et	 al.,	 1993).	 Therefore,	 based	 on	 the	 reported	 data,	
respiratory	 symptoms	 in	 swimmers	 are	 a	 more	 common	
problem	 than	 other	 types	 of	 sports.

Factors Possibly Contributing to Respiratory 
Difficulties in Swimmers

Not	 only	 a re	 respi ratory	 symptoms	 f requent ly	
reported	 by	 elite	 swimmers,	 but	 they	 are	 also	 reported	
by	 swimming	 pool	 workers	 and	 children	 who	 regularly	
attending	 swimming	 pools	 with	 their	 school	 (Thickett,	
Mccoach,	 Gerber,	 Sadhra,	 &	 Burge,	 2002;	 Uyan,	 Carraro,	
Piacentini,	 &	 Baraldi,	 2009).	 The	 symptoms	 may	 be	
related	 to	 a i rway	 epithel ia l	 damage	 and	 increased	
bronchial	 epithelial	 shedding	 and	 lung	 permeability	 caused	
by	 exposure	 to	 environments	 that	 are	 high	 in	 chlorine,	
such	 as	 swimming	 pools.	 However,	 recent	 research	 has	
also	 found	 that	 airway	 inflammation	 may	 be	 triggered	 by	
high	 level	 repeated	 exercise	 loading.	 Swimming	 pool	 water	
needs	 to	 be	 disinfected	 regularly.	 The	 most	 frequently	
used	 disinfection	 method	 is	 chlorination,	 which	 removes	
pathogens	 with	 chlorine	 or	 its	 derivatives,	 but	 the	 free	
chlorine	 reacts	 with	 organic	 matter	 (e.g.	 urine,	 saliva,	
and	 sweat)	 and	 forms	 a	 mixture	 of	 potentially	 harmful	
disinfectant	 by-products,	 including	 chloramines	 (Who,	
2006;	 Zarzoso,	 Llana,	 &	 Pérez-Soriano,	 2010).	 Chloramines	
contain	 the	 inorganic	 compounds	 monochloramine	 (NH2Cl),	

dichloramine	 (NHCl2)	 and	 trichloramine	 (NCl3).	 The	
chlorination	 by-products	 in	 these	 environments	 have	
potentially	 harmful	 effects	 on	 allergic	 and	 respiratory	
health	 in	 humans	 (Glauner,	 Waldmann,	 Frimmel,	 &	
Zwiener,	 2005;	 Kohlhammer,	 Doring,	 Schafer,	 Wichmann,	
&	 Heinrich,	 2006).	 Recent	 studies	 show	 that	 chloramines	
may	 cause	 respiratory	 health	 problems	 in	 swimming	 pool	
workers,	 pool	 visitors	 (particularly	 children),	 and	 also	 in	
competitive	 swimmers	 (Jacobs	 et	 al.,	 2007;	 Thickett	 et	 al.,	
2002;	 Uyan	 et	 al.,	 2009).	 In	 Ferrari	 et	 al.	 study,	 they	
investigated	 the	 potential	 correlation	 between	 attendance	
at	 chlorinated	 indoor	 pools	 and	 the	 onset	 of	 asthma	
in	 1136	 adult	 leisure	 swimmers.	 The	 results	 showed	
that	 the	 prevalence	 of	 asthma	 was	 higher	 in	 swimmers	
characterized	 by	 a	 higher	 cumulative	 pool	 attendance	 (23/514,	
4.5%)	 than	 in	 swimmers	 who	 were	 attending	 indoor	
pools	 less	 frequently	 (2/508,	 0.4%).	 Therefore,	 this	 study	
illustrated	 that	 attendance	 at	 chlorinated	 indoor	 pools	 may	
constitute	 a	 risk	 factor	 for	 developing	 asthma	 in	 leisure	
adult	 swimmers	 (Ferrari	 et	 al.,	 2011).	 However,	 there	 is	 a	
notable	 problem	 in	 that	 swimmers	 training	 for	 at	 least	 30	
hours	 per	 week	 are	 20	 times	 more	 exposed	 to	 chlorine	
compounds	 than	 lifeguards	 and	 about	 100	 times	 more	
than	 recreational	 swimmers	 (Helenius,	 Tikkanen,	 et	 al.,	
1998).	 Bougault	 et	 al.	 (2012)	 analyzed	 the	 clinical	 data	
from	 twenty-three	 competitive	 swimmers,	 10	 age-matched	
mild-asthmatic,	 and	 10	 healthy	 non-allergic	 subjects.	 The	
results	 showed	 that	 long-term	 swimming	 training	 in	
indoor	 chlorinated	 swimming	 pools	 was	 associated	 with	
airway	 changes	 similar	 to	 those	 seen	 in	 mild	 asthma	
subjects	 (Bougault	 et	 al.,	 2012).	 Experimental	 evidence	
also	 suggests	 that	 exposure	 to	 chloramines	 compounds	 in	
indoor	 swimming	 pools	 cause	 epithelial	 hyper-permeability	
and	 damage,	 which	 may	 facilitate	 mucosal	 penetration	
by	 allergens	 and	 induce	 allergic	 sensitization	 (Bernard,	
2007).	 Asthma	 symptoms,	 airway	 obstruction	 and	 increased	
bronchial	 responsiveness	 may	 arise	 as	 a	 result	 of	 repeated	
exposure	 to	 chlorine	 gas	 (Bernard,	 2007).	 In	 these	 cases,	
histological	 analysis	 of	 the	 bronchial	 mucosa	 has	 shown	 a	
thickened	 basement	 membrane,	 eosinophilic	 inflammation,	
and	 a	 relative	 lack	 of	 T-lymphocytes	 (Pyne	 et	 al.,	 2001).

Increased	 airway	 afflictions	 in	 swimmers	 seem	 to	
be	 partly	 related	 to	 the	 training	 duration	 and	 intensity	
(Gleeson	 et	 al.,	 2013).	 High-level	 sport	 training	 induced	
airway	 changes	 via	 high	 ventilator	 demand	 sustained	
during	 repeated	 strenuous	 period	 (Langdeau	 &	 Boulet,	
2001).	 Since	 swimmers	 spend	 many	 hours	 per	 week	
training	 in	 cold	 air	 or	 a	 chlorinated	 environment,	 they	
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are	 particularly	 affected	 by	 respiratory	 symptoms	 and	
airway	 hyperresponsiveness	 (Lakier	 Smith,	 2003).	 Numerous	
studies	 have	 found	 an	 inverse	 relationship	 between	 training	
workloads	 and	 immune	 function	 (Helenius,	 Rytila,	 et	
al.,	 1998;	 Winsley	 &	 Matos,	 2011).	 In	 agreement	 with	
this,	 previous	 studies	 reported	 that	 increased	 bronchial	
inflammation	 and	 peripheral	 leukocytosis	 expression	 in	
athletes	 who	 have	 symptoms	 of	 overtraining	 (Lakier	 Smith,	
2003;	 Wilson,	 Zaldivar,	 Schwindt,	 Wang-Rodriguez,	 &	
Cooper,	 2009).	 However,	 high-level	 competition	 also	 seems	
to	 exacerbate	 at	 least	 some	 components	 of	 the	 allergic	
immune	 response,	 such	 as	 airway	 hyper	 responsiveness	
and	 airway	 inflammation,	 especially	 in	 allergic	 athletes	
(Gleeson	 et	 al.,	 2002;	 Seyfried,	 Tobin,	 Brown,	 &	 Ness,	
1985).	 Therefore,	 excessive	 amounts	 of	 prolong	 and	 high-
intensity	 exercise	 impair	 the	 immune	 system	 as	 well	 as	
mucosal	 defense	 which	 contribute	 to	 an	 increased	 risk	 for	
respiratory	 tract	 illness	 in	 swimmers	 (Pyne	 et	 al.,	 2001)

Mechanisms of Airway Issues in Swimmers
Upper respiratory tract infections (URIs)

Studies	 have	 shown	 that	 the	 r isk	 of	 URI	 is	
increased	 in	 people	 who	 are	 under	 heavy	 physical	 stress	
in	 physically	 active	 populations,	 including	 swimmers,	
possibly	 because	 of	 changes	 in	 the	 immune	 function	
caused	 by	 heavy	 exertion	 (Gleeson,	 2007).	 The	 concept	
of	 a	 U-shaped	 response	 has	 now	 been	 extended	 to	 cover	
the	 effects	 of	 physical	 activity	 upon	 a	 variety	 of	 clinical	
disturbances	 of	 immune	 function,	 such	 as	 high	 numbers	
of	 neutrophil	 and	 low	 numbers	 of	 lymphocytes	 in	 blood	
counts,	 impaired	 macrophages	 phagocytosis	 and	 neutrophilic	
function,	 decreased	 oxidative	 burst	 activity,	 natural	 killer	
cell	 cytolytic	 activity,	 and	 mucosal	 immunoglobulin	 levels	
(Main	 et	 al.,	 2010;	 Nieman,	 1997).	 	 Researchers	 have	
also	 observed	 that	 intense	 training	 may	 also	 enhance	
the	 release	 of	 pro-inflammatory	 cytokines	 such	 as	 tumor	
necrosis	 factor	 alfa	 (TNF-α),	 interleukin-1b	 (IL-1b)	 and	
IL-6,	 followed	 closely	 by	 anti-inflammatory	 cytokines,	 such	
as	 IL-10	 and	 interleukin-1	 receptor	 antagonist	 (IL-1ra)	
(Ostrowski,	 Rohde,	 Asp,	 Schjerling,	 &	 Pedersen,	 1999).	
Those	 cytokines	 are	 likely	 to	 play	 an	 important	 role	
in	 modulating	 post-exercise	 changes	 in	 immune	 function	
that	 aggravate	 the	 risk	 of	 infection	 or	 the	 appearance	 of	
inflammatory	 symptoms,	 and	 also	 associate	 with	 significant	
persisting	 fatigue	 and	 poor	 performance	 (Purvis,	 Gonsalves,	
&	 Deuster,	 2010).

Airway Hyperresponsiveness and Asthma

The	 idea	 that	 long	 term	 repeated	 exposure	 to	
chlorine	 compound	 derivatives	 cause	 airway	 inflammation	
in	 elite	 swimmers	 is	 now	 generally.	 Increasing	 evidence	
suggests	 that	 airway	 inflammation	 is	 responsible	 for	 all	 of	
the	 associated	 features	 of	 asthma,	 including	 the	 increase	
airway	 responsiveness,	 airway	 edema,	 hypersecretion	 of	
mucus,	 and	 inflammatory	 cell	 infiltration.	 Furthermore,	 the	
inflammation	 may	 represent	 a	 multi-factorial	 aggression,	
in	 which	 both	 allergic	 and	 irritant	 mechanisms	 play	 a	
role.	 The	 experimental	 evidence	 supports	 the	 concept	 that	
non-inflammatory	 cells,	 including	 airway	 epithelial	 cells	
and	 neural	 cells,	 especially	 those	 of	 peptidergic	 nerves,	
contribute	 to	 the	 inflammation.	 In	 addition,	 newly	 identified	
cells	 of	 the	 innate	 immune	 system	 and	 pathways	 linked	
to	 asthma	 have	 been	 described	 in	 a	 review	 paper	 by	 Kim	
et	 al.	 (Kim,	 Dekruyff,	 &	 Umetsu,	 2010).	 The	 researchers	
determined	 that	 innate	 immune	 mechanisms,	 involving	 a	
host	 of	 newly	 identified	 cytokines	 and	 cell	 types,	 can	
also	 induce	 AHR.	 A	 number	 of	 inflammatory	 cells	 in	 the	
pathway	 are	 mainly	 eosinophils,	 mast	 cells,	 neutrophils,	
macrophages,	 and	 basophils.	 In	 addition,	 lymphocytes,	 such	
as	 T-helper	 2	 cell	 (TH2)	 and	 thymic	 stromal	 lymphopoietin	 (TSLP),	
are	 implicated.	 When	 specific	 antigens	 stimulated	 the	
antigen-presenting	 cells	 (APCs)	 or	 dendritic	 cells	 (DCs),	
lymphocyte	 activation	 considered	 crucial	 for	 the	 initiation	
and	 perpetuation	 of	 the	 inflammatory	 responses	 (Bhakta	
&	 Woodruff,	 2011).	 Many	 inflammatory	 mediators	 have	
been	 identified	 in	 airway	 hyper	 responsiveness	 and	 asthma.	
Such	 mediators	 are	 cytokines,	 such	 as	 IL-3,	 IL-4,	 IL-
5,	 and	 IL-13	 secreted	 by	 TH2	 cells.	 They	 are	 important	
mediators	 of	 asthmatic	 and	 allergic	 inflammation	 that	
is	 characterized	 by	 elevated	 immunoglobulin	 E	 (IgE),	
mast-cell	 degranulation,	 and	 eosinophilic	 inflammation.	
Furthermore,	 other	 inflammatory	 mediators	 that	 probably	
playing	 a	 role,	 particularly	 in	 acute	 bronchoconstriction,	
include	 arachidonic	 acid	 metabolic,	 such	 as	 leukotrienes	
and	 prostaglandins,	 platelet-activating	 factor	 (PAF),	
neuropeptides,	 reactive	 oxygen	 species,	 kinins,	 histamine,	
and	 adenosine	 (Nieman,	 1997).
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Medication for Respiratory Issues

Medications	 used	 in	 the	 treatment	 of	 respiratory	
disorders	 (such	 as	 asthma	 medications)	 in	 competitive	
athletes	 are	 regulated	 by	 the	 international	 Olympic	
commit tee	 ed icta l	 commission	 ( IOC-MC)	 and	 the	
World	 Anti-Doping	 Agency	 (Wolfarth,	 Wuestenfeld,	 &	
Kindermann,	 2010).	 The	 most	 commonly	 used	 drug	 is	
inhaled	 β2-adrenoceptor	 agonists	 (β2-agonists),	 which	
contain	 salbutamol,	 terbutaline,	 bambuterol,	 fenoterol,	
formoterol,	 salmeterol,	 and	 tulobuterol.	 However,	 the	
potential	 ergogenic	 effects	 of	 β2-agonists	 medication	 in	
athletes	 have	 been	 controversially	 discussed	 for	 decades	 (Carlsen	
et	 al.,	 2001;	 Wolfarth	 et	 al.,	 2010).	 Therefore,	 β2-agonists	
are	 prohibited	 according	 to	 the	 “Prohibited	 List	 of	 the	
World	 Anti-Doping	 Agency”,	 and	 the	 IOC	 restricts	 the	
use	 of	 inhaled	 β2-agonists	 and	 requires	 documentation	 for	
their	 use.	 In	 2010	 WADA	 allow	 salbutamol	 and	 salmeterol	
by	 inhalation	 requiring	 a	 so	 called	 ‘’declaration	 of	 use’’	
(Wolfarth	 et	 al.,	 2010).

As	 mild	 eosinophilic	 airway	 inflammation	 affects	
athletes	 with	 bronchial	 symptoms,	 it	 has	 been	 suggested	
that	 treatment	 of	 asthmatic	 symptoms	 should	 be	 started	
with	 inhaled	 corticosteroids.	 Orally	 active	 leukotriene	
antagonists	 are	 recent	 developments	 in	 the	 treatment	 of	
asthma,	 and	 prevent	 exacerbations	 as	 effectively	 as	 long-
acting	 β2-agonists	 (Ducharme,	 2011).

Dietary Nutrition and Respiratory Issues

The	 research	 on	 the	 relationship	 between	 nutrition	
and	 airway	 diseases	 has	 been	 focused	 mainly	 on	 the	
role	 of	 dietary	 nutrients	 as	 ergogenic	 aids	 (Grimble,	
2001).	 Currently,	 nutrients	 are	 discussed	 in	 three	 groups:	
polyunsaturated	 fatty	 acid	 (PUFA),	 antioxidants	 (vitamin	 A,	
C,	 E,	 selenium,	 and	 antioxidant-rich	 foods	 or	 components),	
and	 vitamin	 D.	 Scholars	 have	 hypothesized	 that	 decreasing	
antioxidant,	 increased	 n-6	 PUFA	 (such	 as	 margarine,	
vegetable	 oil),	 and	 decreased	 n-3	 PUFA	 (such	 as	 oily	 fish)	
intakes	 have	 contributed	 to	 the	 recent	 increases	 in	 asthma	
and	 atopic	 disease	 (Allan	 &	 Devereux,	 2011;	 Devereux	 &	
Seaton,	 2005).	 In	 addition,	 recent	 studies	 have	 also	 found	
that	 vitamin	 D	 consumption	 had	 a	 relationship	 with	
respiratory	 infections	 and	 lung	 function	 (Berry,	 Hesketh,	
Power,	 &	 Hypponen,	 2011).

PUFA

The	 most	 common	 dietary	 PUFAs	 are	 linoleic	 acid	
(n-6)	 and	 α-linolenic	 acid	 (n-3),	 both	 of	 which	 can	 be	
converted	 to	 longer-chain	 PUFAs	 by	 a	 single	 desaturation	
and	 elongation	 enzyme	 pathway.	 Associations	 have	 been	
reported	 between	 respiratory	 inflammation	 and	 dietary	
intake	 and	 blood	 concentrations	 of	 individual	 PUFAs	
(Sala-Vila,	 Miles,	 &	 Calder,	 2008).	 In	 a	 review	 paper	 by	
Mickleborough	 et	 al.	 (2008),	 the	 researchers	 integrated	
the	 metabolism	 of	 n-3	 and	 n-6	 fatty	 acids	 after	 ingestion	
via	 the	 5-lipoxygenase	 and	 cyclooxygenase	 enzymatic	
(COX)	 pathways	 and	 investigated	 the	 subsequent	 effects	 on	
inflammatory	 activity	 and	 bronchoconstriction	 (Mickleborough,	
Lindley,	 &	 Montgomery,	 2008).	 The	 review	 concluded	
that	 higher	 amount	 of	 n-6	 PUFA	 ingestion	 is	 associated	
with	 allergy	 and	 asthma.	 This	 is	 because	 linoleic	 acid	
of	 PUFA	 is	 converted	 into	 arachidonic	 acid	 that	 can	 be	
metabolized	 by	 lipoxygenase	 and	 cyclooxygenase	 enzymes	
ultimately	 to	 produce	 2-series	 prostaglandins,	 thromboxanes,	
and	 4-series	 leukotrienes,	 lipoxins	 that	 are	 of	 particular	
pertinence	 to	 asthma	 and	 allergy	 disease	 (Gonzalez-
Periz	 &	 Claria,	 2007).	 Four-series	 leukotrienes	 have	
proinflammatory	 activity,	 and	 the	 2-series	 prostaglandin	 E2	
(PGE2)	 is	 known	 to	 have	 immunomodulatory	 properties,	
promoting	 the	 TH2	 phenotype	 associated	 with	 asthma	
and	 atopic	 disease	 (Phipps,	 Stein,	 &	 Roper,	 1991).	
However,	 dietary	 intake	 of	 n-3	 α-linolenic	 acids,	 such	 as	
eicosapentaenoic	 acid	 (EPA)	 and	 docosahexaenoic	 acid	 (DHA)	
in	 fish	 oils,	 would	 reduce	 arachidonic	 acid	 and	 PGE2	
production	 thus	 serving	 as	 an	 anti-inflammatory	 substrate,	
because	 α-linolenic	 acid	 competitively	 inhibits	 linoleic	
acid	 metabolism	 by	 the	 single	 enzyme	 cascade,	 and	 EPA-
DHA	 reduces	 COX-2	 gene	 expression	 and	 inhibits	 COX-2	
activity	 to	 reduce	 prostaglandin	 generation	 (Mickleborough	
et	 al.,	 2008;	 Obata,	 Nagakura,	 Masaki,	 Maekawa,	 &	
Yamashita,	 1999).

M o s t 	 i n t e r v e n t i o n 	 s t u d i e s 	 o f 	 n - 3 	 PU FA	
supplementation	 in	 established	 asthma	 and	 respiratory	
inf lammation	 have	 used	 f ish	 oi l	 capsules	 with	 the	
conclusion	 that	 n-3	 PUFA	 supplementation	 shown	 to	
reduce	 exercise	 induced	 airway	 narrowing	 in	 elite	 athletes	
and	 individuals	 with	 mild-to-moderate	 asthma	 (Barros	 et	
al.,	 2011;	 Fasano,	 Serini,	 Piccioni,	 Innocenti,	 &	 Calviello,	
2010).	 For	 example,	 Arm	 and	 colleagues	 investigated	 the	
effects	 of	 3.2	 g	 EPA	 and	 2.2	 g	 DHA	 per	 day	 versus	
a	 placebo	 for	 10	 weeks	 in	 asthmatic	 subjects.	 They	
found	 that	 the	 total	 leukotriene	 B	 (LTB)	 production	 in	
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the	 fish	 oil-supplemented	 group	 was	 inhibited	 by	 50%	
in	 stimulated	 neutrophils	 while	 no	 change	 was	 seen	 in	
the	 placebo	 group	 (Arm	 et	 al.,	 1988).	 In	 another	 study,	
Mickleborough	 et	 al.	 examined	 the	 effect	 of	 fish	 oil	
supplementation	 (3.2	 g	 EPA	 and	 2.2	 g	 DHA	 intake	 for	
3	 weeks)	 in	 10	 elite	 athletes	 who	 experienced	 EIB.	 The	
results	 strongly	 suggested	 that	 dietary	 supplementation	 with	
fish	 oil	 has	 a	 markedly	 protective	 effect	 in	 suppressing	
EIB	 in	 elite	 athletes,	 and	 this	 may	 be	 attributed	 to	 their	
anti-inflammatory	 properties(Mickleborough,	 Murray,	 Ionescu,	
&	 Lindley,	 2003).

Antioxidants and Vitamins

Recent	 studies	 also	 show	 evidence	 that	 intense	
exercise	 can	 produce	 an	 imbalance	 between	 the	 free	
radicals	 and	 reactive	 oxygen	 species	 produced	 by	 the	
antioxidant	 defense	 system	 (Radak,	 Chung,	 Koltai,	 Taylor,	
&	 Goto,	 2008).	 Studies	 in	 experimental	 models	 also	
reported	 that	 oxidants	 induce	 many	 features	 of	 airway	
hyperresponsiveness	 and	 asthma	 by	 inducing	 the	 release	 of	
proinflammatory	 mediators,	 including	 cytokines,	 chemokines,	
and	 eicosanoid	 metabolites.	 Therefore,	 oxidant	 stress	 also	
influences	 the	 inflammatory	 regulation	 (Gao	 et	 al.,	 2011).	
Many	 intervention	 studies	 suggested	 that	 antioxidant-
based	 components,	 such	 as	 vitamin	 C,	 vitamin	 E,	 some	
carotenoids,	 selenium,	 and	 antioxidant-rich	 plant,	 may	
effectively	 reduce	 inflammation	 associated	 with	 oxidant	
stress-related	 challenge	 to	 the	 respiratory	 mucosa	 (Gao	 et	
al.,	 2011).	 A	 recent	 systematic	 review	 and	 meta-analysis	
of	 40	 studies	 relating	 vitamin	 A,	 C,	 and	 E	 to	 asthma	
concluded	 that	 dietary	 vitamin	 A	 and	 C	 intake	 and	 blood	
vitamin	 C	 levels	 were	 significantly	 lower	 in	 adults	 and	
children	 with	 asthma	 who	 wheeze,	 especially	 in	 those	 with	
severe	 asthma.	 Vitamin	 E	 intake	 was	 significantly	 lower	
in	 people	 with	 severe	 asthma.(Allen,	 Britton,	 &	 Leonardi-
Bee,	 2009)	 In	 addition,	 the	 double-blind	 and	 placebo-
controlled	 intervention	 trial	 by	 Constantini	 et	 al.	 examined	
the	 effects	 of	 vitamin	 C	 supplementation	 (1	 g/day)	 for	
three	 months	 on	 URIs	 in	 39	 adolescent	 swimmers	 (Constantini	
et	 al.,	 2011).	 The	 results	 showed	 that	 the	 duration	 of	
URI	 episodes	 was	 21%	 shorter	 in	 the	 vitamin	 C	 group,	
although	 the	 effect	 was	 not	 statistically	 significant.	 They	
also	 found	 that	 vitamin	 C	 supplementation	 decreased	 the	
duration	 and	 severity	 of	 respiratory	 infections	 in	 male	
swimmers,	 but	 not	 in	 females.	 The	 authors	 speculated	 that	
lower	 vitamin	 C	 levels	 in	 males	 compared	 with	 females	
may	 explain	 the	 sex	 differences	 in	 the	 supplementation	
effect	 (Grimble,	 2001).

Selenium	 (Se)	 is	 a	 potent	 nutritional	 antioxidant	
important	 for	 various	 aspects	 of	 human	 health.	 Recent	
studies	 suggest	 that	 increased	 Se	 status	 may	 be	 exploited	
to	 modulate	 immune	 processes	 that	 drive	 certain	 immune	
disorders,	 such	 as	 lung	 cytokine	 levels	 or	 airway	 cellular	
infiltration	 that	 drive	 asthmatic	 and	 allergic	 inflammation	
(Hof fmann	 et	 a l . ,	 2007).	 Therefore,	 i t	 has	 been	
hypothesized	 that	 increased	 intake	 of	 Se	 may	 modulate	
oxidative	 stress	 in	 various	 tissues	 including	 the	 lung,	 and	
it	 would	 certainly	 make	 sense	 that	 Se	 could	 potentially	
decrease	 asthma	 pathology	 (Norton	 &	 Hoffmann,	 2012).

Dietary	 polyphenols	 are	 also	 an	 important	 antioxidant	
component,	 and	 polyphenols	 (such	 as	 resveratrol)	 (Knobloch	
et	 al.,	 2010),	 green	 tea	 catechins/quercetin	 (Liang	 et	 al.,	
2011),	 and	 curcumin	 (Oh	 et	 al.,	 2011))	 have	 been	 reported	
to	 increase	 intracellular	 thiol	 status	 along	 with	 induction	
of	 GSH	 biosynthesis	 (Zang	 et	 al.,	 2011).	 Such	 an	 elevation	
in	 the	 thiol	 status	 in	 turn	 leads	 to	 detoxification	 of	 free	
radicals	 and	 oxidants	 as	 well	 as	 inhibition	 of	 ongoing	
inflammatory	 responses,	 which	 prevent	 airway	 inflammation		
(Rahman,	 2008).	 Therefore,	 the	 studies	 discussed	 above	
suggest	 that	 there	 are	 beneficial	 associations	 between	
airway	 respiratory	 health	 and	 dietary	 antioxidants.

Vitamin D 

Extensive	 evidence	 shows	 that	 vitamin	 D	 insufficiency	
is	 associated	 with	 respiratory	 health,	 including	 the	 asthma,	
respiratory	 tract	 infection	 and	 COPD	 (Berry	 et	 al.,	
2011;	 Liu	 et	 al.,	 2013).	 Studies	 have	 provided	 evidence	
that	 vitamin	 D	 modulates	 cytokine	 profiles	 in	 animal	
models	 of	 autoimmune	 disease	 through	 limiting	 excessive	
production	 of	 proinflammatory	 cytokines,	 such	 as	 TNF-
α	 and	 IL-12,	 and	 thus	 lead ing	 to	 suppression	 of	
respiratory	 inflammation	 (Ginde,	 Mansbach,	 &	 Camargo,	
2009).	 A	 highly	 prevalence	 of	 vitamin	 D	 deficiency	 in	
the	 general	 population	 has	 been	 documentation,	 but	 a	
handful	 of	 studies	 investigated	 the	 prevalence	 on	 athletes	
(Larson-Meyer	 &	 Willis,	 2010).	 However,	 researches	
f igured	 out	 that	 vitamin	 D	 status	 in	 athletes	 may	
dependent	 on	 the	 training	 time,	 skin	 color,	 and	 geographic	
location	 (Hilger	 et	 al.,	 2013).	 Measurement	 of	 serum	
25-hydroxycholecalciferol	 [25(OH)D]	 concentration	
is	 the	 best	 indicator	 of	 vi tamin	 D	 s ta tus	
(Edlich	 et	 al.,	 2009).	 Therefore,	 serum	 25(OH)
D	 concentration	 of	 ≥32	 and	 preferable	 ≥	 40ng/mL	
is	 recommendation	 for	 athletes.	 Further	 research	 is	
needed	 to	 determine	 the	 effect	 of	 vitamin	 D	 status	
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in	 competitive	 swimmers,	 who	 has	 higher	 prevalence	
of	 upper	 and	 lower	 respiratory	 diseases.

Summary

A	 high	 incidence	 of	 upper	 and	 lower	 a i rway	
respiratory	 symptoms	 have	 been	 reported	 in	 competitive	
swimmers.	 Many	 observational	 studies	 reported	 that	
increased	 n-6	 PUFA,	 and	 decreased	 n-3	 PUFA	 intakes	
may	 contribute	 to	 increases	 in	 asthma	 and	 atopic	 disease,	
and	 decreasing	 dietary	 antioxidant	 might	 influence	 disease	
pathogenesis	 through	 both	 reduced	 antioxidant	 and	
immunomodulatory	 mechanisms.	 In	 additionally,	 vitamin	
D	 insufficiency	 is	 associated	 with	 respiratory	 health.	
Therefore,	 athletes	 should	 pay	 attention	 the	 training	
environment	 and	 nutritional	 status	 during	 the	 training	
period.	 Further	 research	 into	 the	 respiratory	 health	 and	
dietary	 nutrition	 implication	 with	 competitive	 swimmer	
is	 required,	 and	 in	 particular	 the	 role	 of	 diet	 during	
the	 training	 period	 as	 well	 as	 the	 issue	 of	 individual	
susceptibility	 in	 swimmers.
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