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Cover 

 

In the course of this project inserted in the Integrated Master´s Degree of 

Medicine, in addition to the work below “Effect of continuing or finishing 

swimming on airway inflammation and atopy-related diseases: a 3-year 

prospective follow-up study of competitive swimmers “, over the past 3 

years I have been also co-authored the following works: 

  

- Prospective assessment of a questionnaire to assess asthma in 

athletes 

João Araújo1, André Moreira 1,2, Patrícia Andrade1, Marta Pereira1, Luís 

Delgado1,2, João Fonseca2 

 

- Is competitive swimming associated with increased airway 

inflammation? 

Marta Pereira1, João Araújo1, Patrícia Andrade1, João Fonseca2,3,4, Luís 

Delgado1,2,3, André Moreira 1,2,3 
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Abstract: 

 

An increasing body of literature suggests an association between competitive 

swimming and asthma. Recent data seems to imply that high level competitive 

swimming both increases the risk of incident asthma, and changes prevalent 

asthma towards a more difficult-to-control phenotype. 

In our 3 year follow up study, we aimed to access changes in airway 

inflammation, measured by exhaled nitric oxide in high level competitive 

swimmers.    

Swimmers from the two main portuguese swimming teams were invited to 

participate in this follow up study. From the 120 athletes invited, informed 

consent was obtained from 105 which were assessed at the baseline visit. From 

these, 19 were lost to follow up and 86 attended the three years follow up visit 

and were included in the final analysis. ’Active swimmers’ (n=47) were defined 

as those remaining at high level competitive swimming; if quited at least 6 

months before the follow up visit they were considered ’past swimmers’ (n=39). 

Differences in changes in exhaled NO after the 3 year follow up were assessed 

by general linear model adjusting on confounding factors. 

 

This prospective study of competitive swimmers showed those who remained 

active at a 3 year of follow-up significantly increased their levels of airway 

inflammation measured by exhaled nitric oxide independently of their gender, 

age, atopy, or asthma status.  
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Background 

 

Allergic asthma is a complex disease with a phenotype that is clinical difficult to 

define. The main physiological feature of asthma is intermittent and reversible 

airway obstruction, while the dominant pathological feature is airway 

inflammation sometimes associated with airway structural changes [1]. Asthma 

prevalence has reached epidemic proportions in prosperous countries for the 

last decades suggesting that environmental factors play a role in the aetiology 

of this disease [2].  

 

In recent years, the observation that regular pool attendance, especially by 

young children, was associated with lung hyperpermeability and increased risk 

of developing asthma led to the ‘‘pool chlorine hypothesis’’. Accordingly, the 

increasing and largely uncontrolled exposure of young children to chlorination 

by-products contaminating the air of indoor swimming pools could contribute to 

the childhood asthma rise in industrialized countries [2]. Moreover, an 

increasing body of literature suggests also an association between competitive 

swimming and asthma. Although the available evidence is away from 

consistency to draw clear conclusions, data seems to imply that competitive 

swimming both increases the risk of incident asthma, and changes prevalent 

asthma towards a more difficult-to-control phenotype [3].  

 

Specific mechanisms that could contribute to higher incidence and prevalence 

of asthma in competitive swimmers include chemical exposures, 

microaspiration of water droplets, hyperventilation and autonomic nervous 
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system changes [4]. Chlorine-based compounds, such as sodium hypochlorite 

and chlorinated isocyanuric acids, are the basic disinfectants used in pool 

treatment. In children accidentally exposed to chlorine, development of 

respiratory symptoms, lung function impairment and exhaled breath alterations, 

represented mainly by an increase in leukotrienes and a decrease in exhaled 

nitric oxide has been observed [5]. Data of the long-term effects of exposure are 

scarce, however in cross sectional surveys, chloramines air levels have been 

associated with upper respiratory symptoms and atopy in lifeguards and pool 

workers [6-7].  

 

Only one study prospectively assessing the risk of asthma in swimmers exists. 

In 42 Finnish elite swimmers, after a 5 year follow up, airway hyper-

responsiveness and asthma attenuated or even disappeared in swimmers who 

stopped high-level training, while mild eosinophilic airway inflammation was 

aggravated among those who remained active. Thus, there is clearly the need 

of follow-up studies that assess the temporal relationship between asthma and 

swimming taking in account exposure assessment, volume and intensity of 

training and potential confounders.  

 

In our 3 year follow up study, we aimed to access changes in airway 

inflammation, measured by exhaled nitric oxide in high level competitive 

swimmers.    
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Methods 

 

Swimmers from the two main portuguese swimming teams were invited to 

participate in this follow up study. From the 120 athletes invited, informed 

consent was obtained from 105 which were assessed at the baseline visit. From 

these, 19 were lost to follow up and 86 attended the three years follow up visit 

and were included in the final analysis. No significant diferences existed 

between lost to follow up subjects and others (table 1). ’Active swimmers’ were 

defined as those remaining at high level competitive swimming; if quited at least 

6 months before the follow up visit they were considered ’past swimmers’. None 

of the subjects smoked. The local hospital ethical committe aproved the study. 

 

Subjects completed a self-administered questionnaire, including questions 

adapted from ISAAC questionnaire, reporting physician diagnosis of asthma 

and allergic rhinitis, and use of asthma medication. Physical activity (PA) was 

measured using the International Physical Activity Questionnaire (IPAQ), 

developed by an International Consensus Group from 12 Countries, including 

Portugal, for monitoring physical activity and inactivity [8]. The short 7 days self-

administered version is a 7-item questionnaire that provides information about 

frequency and duration of four domains (sedentary activity, time spent walking 

and moderate- and vigorous-intensity physical activity). Physical activity within 

different domains was estimated by weighting the reported frequency (events 

per week) by duration (minutes per event) and by a MET level assigned to each 

type of activity (Walking = 3.3; Moderate-intensity PA = 4.0; and Vigorous-

intensity PA = 8.0), defined as multiples of the resting metabolic rate. A 
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combined total physical activity was computed as the sum of the activity 

domains scores (Total PA = Walking + Moderate-intensity PA + Vigorous-

intensity PA) and reported as a continuous measure (Total PA score = total 

MET-min/ week). 

 

Airway inflammation was assessed measuring exhaled nitric oxide (NO) levels 

before a training session using a portable device, NIOX MINO (Aerocrine AB, 

Sweden) and expressed in parts per billion (ppb). Through a mouthpiece, 

participants inhaled to total lung capacity and exhaled at a constant pressure 

guided by visual and auditory aids to stabilize flow rate. Atopy was defined by 

positive skin prick testing to at least one out of seven common aeroallergens in 

the area: Dermatophagoides pteronyssinus, Dermatophagoides farinae, cat 

epithelium, grasses mix, olive, Parietaria and Alternaria (Leti, Spain). 

 

Results were expressed as media (SD) or, if not normally distributed, as median 

(interquartile range). Levels of exhaled NO and of physical activity were log-

transformed because of skewed distribution. Differences between groups were 

assessed with 1-way ANOVA for normally distributed data, Kruskal-Wallis for 

non-normally distributed data or Chi-Square for categorical variables. 

Differences in changes in exhaled NO after the 3 year follow up were assessed 

by general linear model adjusting on confounding factors: gender, age, atopy, 

physician-diagnosed asthma, and use of asthma medication.  
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Results 

 

We observed a significant difference in changes in exhaled NO, and in both 

total and vigorous physical activity levels between active and past swimmers 

(Table 2). After the three year follow up the prevalence of asthma, allergic 

rhinitis and use of asthma increased significantly in both groups. All subjects 

increased their overall physical activity levels, however significant increases in 

moderate and vigorous physical activity level were only observed in active 

swimmers.  

 

 

Discussion  

 

This prospective study of competitive swimmers shows those who remained 

active at a 3 year of follow-up significantly increased their levels of airway 

inflammation measured by exhaled nitric oxide independently of their gender, 

age, atopy, or asthma status.  

 

Our study has however some limitations. First, we had an 18% of losses to 

follow-up however these subjects were similar to other at baseline evaluation. 

Second, exhaled NO may not be the best way to access airway inflammation in 

swimmers as airway inflammation in competitive swimmers seems to be 

predominantly neutrophilic [3] . However, it has been suggested that for each 

100 hours spent in the swimming pool for recreational swimmers the risk of 

asthma in atopics and of elevated exhaled NO in non-atopics increases by thirty 
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percent [9]. Finally, asthma in this study was defined as a positive response to 

the question, "Has a doctor ever said that you have asthma?" Therefore, 

misclassification of disease status is possible. However, misclassification is 

unlikely to affect differently any of the groups. 

 

On the other hand our study has important strengths: this is the first prospective 

study assessing the risk of airway inflammation in non-elite swimmers. 

Moreover, we have adjusted for confounders and known risk factors that affect 

exhaled NO levels; and finally we have used a validated tool to monitor physical 

activity levels during the study.  

 

Although several studies report an association, the relationship between asthma 

and swimming remains controversial. Asthma is more commonly found among 

elite swimmers than among other high-level athletes as results from a recent 

meta-analysis suggested [10]. However a causal link between swimming and 

asthma could not be established because most studies available to date used 

cross-sectional design and because the association has not been confirmed 

among non-competitive swimmers [10].  

 

Currently, the Global Initiative for Asthma Guidelines does not include 

recommendations for exercise as part of the treatment for patients with asthma.  

Exercise is a powerful trigger for asthma symptoms. For this reason, caretakers 

may be reluctant to allow their asthmatic children to engage in sports practice, 

fearing an exacerbation of the disease. However, it has been suggested that 

moderate intensity physical training does not have an adverse effect on airway 
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inflammation and quality of life in allergic asthmatic children with good asthma 

control, and may decrease both total and allergen specific IgE levels [11]. 

Swimming is recommended as a sport for children with asthma because there is 

observational evidence that swimming is less asthmogenic than other types of 

vigorous exercise and that asthmatics may tolerate swimming better than other 

types of physical activity [10]. Every child with asthma should be questioned 

about exercise performance, tolerance and symptoms. There is no reason to 

discourage asthmatic children with a controlled disease to swim even at a 

competitive level.  

 

As far as we are concerned, this is the first follow-up study in competitive 

swimmers. More studies are needed to determine the role of specific swimming 

environment training related factors, such as the microaspiration of water 

droplets or hyperventilation among others, as a cause of airway inflammation. 

Nevertheless, asthma incidence did not increase in active swimmers, 

supporting the recommendation to engage in physical activity to all asthmatics 

as long as the disease is controlled.  
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Table 1. Baseline characteristics of participants according with their swimming status at the three year follow up 

 
Data presented as median (IQR) unless otherwise stated  

 
 
 
 
 
 
 

 

 Past swimmers, n= 39 Active swimmers, n=47 Lost to follow up, n=19 p* 

Demographics     

Age (years) 14±6.3 13±3.2 15±2.0 .080 

Gender (Female/Male) 16/23 20/27 8/11 .990 

Swimming hours/week 12 (9) 12 (7) 14 (4) .113 

Years of competition  5 (5) 4 (4) 6 (3) .109 

Clinical      

Atopic, n (%)   21 (54) 15 (32) 11 (58) .056 

Asthma, n (%) 6 (15) 6 (13) 0 (0) .208 

Allergic rhinitis, n (%) 13 (33) 11 (23) 3 (16) .317 

Asthma drugs, n (%) 5 (13) 9 (19) 0 (0) .116 



14 
 

Table 2. Changes in airway inflammation, prevalence of asthma and rhinitis and physical activity levels in athletes according with their swimming 

status after the 3 year follow up 

 

 
Data presented as median (IQR) unless otherwise stated; Physical activity expressed as MET-min/week; bold figures represent statistically significant 
differences between comparing groups; Paired sample t-tests or chi-square tests were used were appropriate and differences in changes between groups 
after the follow up were assessed by general  linear model adjusting on the following confounders: gender, age, atopy, physician-diagnosed asthma, use of 
asthma medication for exhaled NO and  on gender and age for physical activity levels, with baseline values as covariable; *p<0.001; **p=0.002; p=0.005 
 

 

 

 

 Past Swimmers, n=39 Active Swimmers, n=47 Past vs Active 
Swimmers 

 Baseline Follow up Baseline Follow up 

Physical Activity      

Exhaled NO, ppb 18 (19.5) 16 (20) 14 (11) 14 (18) .008 

Asthma, n (%) 6 (15) 9 (23)* 6 (13) 9 (19) * .656 

Allergic rhinitis, n (%)  13 (33) 16 (41)* 11 (23) 13 (28) * .305 

Asthma drugs, n (%) 5 (13) 12 (31)* 9 (19) 12 (26) * .382 

Physical Activity      

Walking 462 (685) 693 (2402) 396 (1188) 739 (1148) ..016 

Moderate 720 (2010) 1320 (1440) 120 (960) 960 (3120)** .065 

Vigorous 5760 (1920) 3840 (6120) 5760 (7040) 13440 (11520)* <.001 

Total 7173 (3864) 7242 (5718)* 6222 (9159) 17196 (8544)* .001 
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