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At a Glance commentary:  

Scientific knowledge on the Subject: There is inconsistent evidence from cross-

sectional studies for an association between swimming pool attendance and the risk 

of asthma in childhood.  

 

What This Study Adds to the Field: This is the first prospective longitudinal study on 

the topic, following 5,738 British children from birth until age 10y. It suggests that 

swimming does not increase the risk of asthma. On the contrary it appears to be 

associated with higher lung function and less respiratory symptoms, particularly 

among asthmatic children.   

 

This article has an online data supplement, which is accessible from this issue’s 

table of content online at www.atsjournals.org. 
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ABSTRACT 

RATIONALE: Cross-sectional studies have reported inconsistent findings for the 

association between recreational swimming pool attendance and asthma and 

allergic diseases in childhood.  

OBJECTIVES: To examine whether swimming in infancy and childhood was 

associated with asthma and allergic symptoms at age 7 and 10 years in a UK 

longitudinal population-based birth cohort (ALSPAC).  

METHODS: Data on swimming were collected by questionnaire at 6, 18, 38, 42, 57, 

65 and 81 months. Data on rhinitis, wheezing, asthma, eczema, hay fever, asthma 

medication and potential confounders were collected through questionnaire at 7 and 

10y. Spirometry and skin prick testing were performed at 7-8y. Data for analysis 

were available for 5,738 children. 

MEASUREMENTS AND MAIN RESULTS: At age 7y, >50% of the children swam 

≥once/week. Swimming frequency did not increase the risk of any evaluated 

symptom, either overall or in atopic children. Children with a high versus low 

cumulative swimming pool attendance from birth to 7y had an odds ratio (OR) of 

0.88 (95% confidence interval 0.56-1.38) and 0.50 (0.28-0.87), respectively, for ever 

and current asthma at 7y, and a 0.20 (0.02-0.39) standard deviation increase in the 

mid forced expiratory flow. Asthmatic children with a high versus low cumulative 

swimming had an OR for current asthma at 10y of 0.34 (0.14-0.80). 

CONCLUSIONS: This first prospective longitudinal study suggests that swimming 

did not increase the risk of asthma or allergic symptoms in British children. 

Swimming was associated with increased lung function and lower risk of asthma 

symptoms, especially among children with pre-existing respiratory conditions.  
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INTRODUCTION 

In recent years, several epidemiological studies have suggested that attending 

chlorinated swimming pools during childhood is a risk factor for developing asthma 

and other allergic diseases (1). The underlying hypothesis is that exposure to 

disinfectants and disinfection by-products in the swimming pool (probably 

trichloramine, a strong irritant (2)) may cause a detrimental effect in the airways of 

children with a consequent increased risk of developing asthma (3). It was 

previously shown that chronic exposure to the irritant environment of indoor 

swimming pools was associated with higher prevalence of respiratory symptoms 

among lifeguards (4). The prevalence of asthma among elite swimmers is also 

higher than among other elite athletes (1,5). However it has been argued that 

reverse causation may explain these findings since swimming is a well tolerated and 

recommended sport for asthmatics (1).  

Epidemiological studies conducted in Belgium have found an increased risk of 

childhood asthma related to both indoor and outdoor swimming pool attendance (6-

9). A recent study conducted in Ireland among 121 boys (10) found a significant 

association between asthma and the number of years attending pools, but not with 

the frequency of attendance. Studies conducted in Germany (11,12), Italy (13) and 

Spain (14) did not find an increased risk of asthma among children attending 

swimming pools. Despite the conflicting results, there is agreement on the 

complexity of the potential role of swimming in asthma etiology, and the important 

public health implications (1,15-17). Asthma is among the most common chronic 

diseases in children (18) and swimming is one of the most practiced sports in 

western countries (19), where sedentarism and obesity are rising, especially among 

children (20). In August 2007, a multidisciplinary group of experts evaluated the 
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evidence on childhood asthma and swimming pools to establish future research 

agenda (17). Several shortcomings in the current literature were identified in the 

area of exposure assessment and the characterization of asthma (17). Currently 

available studies used a cross-sectional design with a retrospective assessment of 

swimming pool attendance, which could have led to recall bias and exposure 

misclassification. The possibility of reverse causation has been identified as another 

limitation of previous studies, highlighting the need for longitudinal epidemiological 

studies (14-17), including the use of data in existing prospective birth cohorts (17).  

The Avon Longitudinal Study of Parents and Children (ALSPAC) in the UK has 

followed from birth more than 5,700 children with prospectively collected data on 

swimming and respiratory symptoms and measurements. Therefore, this study 

represents a unique opportunity to assess the risk of childhood asthma associated 

with swimming pool attendance in childhood. The aim of our study is to examine 

whether swimming at different periods during early childhood is associated with the 

prevalence of asthma and allergic symptoms at 7 and 10 years of age.  

 

METHODS  

Study design and population 

The population-based Avon Longitudinal Study of Parents and Children (ALSPAC) 

study recruited 14,541 pregnant women resident in Avon, UK, with expected delivery 

dates between 1 April 1991 and 31 December 1992, resulting in a cohort of 14,062 

live births (21). Ethical approval was obtained from the ALSPAC Law and Ethics 

Committee and the Local Research Ethics Committees. The study protocol has been 
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previously described (22) and further details are on the ALSPAC website 

(http://www.alspac.bris.ac.uk).  

Measurements and data collection 

Outcomes. Reported symptoms were ascertained through questions similar to those 

used by the International Study of Asthma and Allergies in Children (ISAAC). 

Current symptoms (in the last 12 months) included wheezing, asthma, eczema, hay 

fever, nasal, nasal and ocular (at 6.7 and 10y) and asthma medication (at 7.6y). 

Having ever had asthma at 7.6y and having ever had eczema and hay fever at 10y 

was also collected. Atopy was determined by a skin prick test at age 7–8y. Lung 

function and bronchial hyper-responsiveness (BHR) was measured at approximately 

8y. Forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC) and 

forced mid expiratory flow (FEF25–75) were measured by spirometry and converted to 

sex-, age- and height-adjusted standard deviation units (23). The rapid methacholine 

challenge test was performed to measure BHR (24).  

Swimming. Ever swimming before age 4 years was estimated from questionnaires at 

6, 18, 38 and 42 months. Swimming from age 4 to 7 years was summarized in a 

score based on the swimming frequency during school term periods at 57, 65 and 81 

months (4.7, 5.4 and 6.7 years respectively). The answers “rarely or not at all”, “once 

a month”, “once a week” and “more than once a week” were assigned, respectively, 

0, 1, 2 or 3 points. The scores for each period were summed into an overall score: 

low (0 to 2 points), medium (3 to 4 points) and high (5 to 9 points). A combined score 

(0 to 7 years) distinguished extreme categories: lowest exposed (never swimming 

<4y and 4-7y swimming score=0) and highest exposed (ever swimming <4y and 4-

7y swimming score>4).  
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Confounders. Sex, birth weight, number of siblings, atopy, maternal education, 

maternal and paternal social class, maternal age at delivery, maternal asthma, 

allergy and hay fever, contact with pets, hours of TV watching and exposure to 

environmental tobacco smoke (ETS) in several periods, and body mass index (BMI, 

at 7 years) were considered. Atopy was also considered as a potential effect 

modifier.  

See online supplement for details on variable definitions and clinical measurements. 

Statistical analysis 

Of the 14,062 live births, 13,988 were alive at one year. After excluding children in a 

triplet or quadruplet for confidentiality and missing observations on all swimming 

variables or outcomes at 7 years, 8,750 children remained. Since atopy was 

included in the final models, children with missing atopy were further excluded, 

leaving 5,738 for the final analysis. Missing values in outcomes and covariates (see 

methods and Table E1 in the online data supplement) led to varying sample sizes in 

the different models.  

 

RESULTS 

Twelve percent of mothers had ever had asthma, and 21.4% of children were 

positive to the skin prick test (Table 1). Twenty percent of the children had ever had 

asthma at 7 years of age (Table 2). The prevalence of hay fever and nasal 

symptoms increased from age 7 to age 10 years. Swimming before 4 years of age 

was reported in 14.2% of children (Figure 1). Between 4 and 7 years old, around 

50% of children had attended pools at least once a week, while around 20% never 

or very rarely had done so. Forty-seven percent of the children had a high swimming 
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score between age 4 and 7, while only 10% had a high overall swimming score 

(Figure 1).   

Higher social class and maternal education were associated with a higher frequency 

of swimming (Figure 2A). A decreased frequency of swimming was associated with 

having siblings, exposure to environmental tobacco smoke, high TV watching and 

low body mass index. A high maternal social class or education was associated with 

more atopy but with less asthma symptoms (Figure 2B). Girls had more eczema and 

lower prevalence rates of asthma, hay fever and atopy. Hours of TV watching as 

well as atopy, maternal asthma, maternal hay fever and maternal allergy were also 

predictors of symptoms.  

As crude and adjusted models gave very similar results, only the latter are reported 

in the tables. After adjusting for confounders, swimming was not associated with 

ever asthma, but it was associated with a lower prevalence of current asthma and 

current asthma medication at 7 years of age (table 3). No significant association was 

observed between swimming and the prevalence of current wheezing, eczema, hay 

fever (table 3), nasal symptoms and nasal and ocular symptoms at 7 or at 10 years, 

atopy, having ever had eczema and hay fever at age 10 years (table E2 in the online 

supplement). In order to detect differences of the effect of swimming on asthma by 

previous respiratory conditions, we stratified the analysis by ever wheezing before 

3.5 years (table 4). The protective effect of swimming on asthma medication and 

current asthma was only seen among children who wheezed before age of 3.5 

years, while it disappeared among never wheezers before age 3.5 years. Swimming 

was protective for current asthma at 10 years among children ever having had 

asthma at 7 years of age. Swimming was associated with a higher FVC, FEV1, 

FEV1:FVC ratio and FEF25-75 at age 8 years (Table 5), indicating that children who 
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had swum more frequently tended to have a better lung function. No significant 

association was seen between swimming pool attendance and bronchial hyper 

responsiveness. To further control for socioeconomic status, we stratified the main 

results by maternal education and observed similar risk estimates indicating no 

effect modification by socioeconomic status (table E3 in online supplement).  

Before adjusting the models for atopic status, we performed stratified analyses and 

confirmed that atopy was not an effect modifier (see table E4 in online supplement). 

Swimming did not increase the risk of any respiratory symptom among atopic 

children, as defined by the skin prick test. Among atopic children, those in the 

highest overall swimming category also had less current asthma at age 7 years 

compared with those in the lowest swimming category (Odds Ratio (OR) = 0.41; 

95% Confidence interval (CI): 0.17-0.99).  

Finally, in order to detect possible reverse causation or health-related selection, we 

analyzed the association between wheezing before 3.5 years and swimming later 

on, as well as the association between symptoms at 7 years and the frequency of 

swimming at 8.6 years. There was no association with any swimming variable (table 

E5 in the online supplement), indicating that respiratory and allergic symptoms did 

not affect the probability of attending swimming pools later in life.   

 

DISCUSSION 

This large prospective birth cohort study indicated that reported swimming did not 

increase the risk of asthma, atopy or any respiratory and allergic symptom in British 

children. On the contrary, swimming was associated with increased lung function 
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and with a decreased prevalence of current asthma among children with previous 

respiratory conditions. In addition, no evidence of reverse causation was detected. 

The results of this study are in accordance with the previous cross-sectional studies 

performed outside Belgium, where no significant positive association between pool 

attendance and ever having asthma (11,12,14) or hay fever (11,12) was reported. In 

Germany, swimming also did not increase the risk of eczema (11,12) although it did 

in Spain (14). Differences in the results on asthma risk between studies conducted in 

Belgium or in other countries may reflect true differences or may relate to 

methodological aspects. There are several possible explanations for real different 

effects among areas. First, different patterns of swimming pool attendance in 

children resulting in different cumulative exposures. Second, differences in the level 

of trichloramine or other irritants in the swimming pools. Third, uncontrolled 

confounding variables (e.g. physical activity) may be different. Finally, differences in 

the presence and extent of reverse causation, i.e. children with asthma attending or 

avoid swimming pools. In this study, the prevalence of swimming was very high and 

an extreme exposure category was created, and an undetected real effect is 

unlikely. Regarding methodological differences, the studies with negative results 

(11,12,14) are based on large and population-based samples, while the studies with 

positive results do not (6-9).  

This is the first longitudinal study with prospectively collected data on the association 

between swimming pool attendance and childhood asthma. The use of 

questionnaires not originally designed to answer the specific research question 

under study led to potential exposure misclassification and absence of data on 

confounders such as physical activity. The data on swimming during the first years 

of life were obtained indirectly through open questions and therefore pool 
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attendance before 4 years of age has likely been underestimated. The effect on the 

results is difficult to foresee since we ignore if the exposure misclassification had 

been differential or non differential. However, a global interpretation of results shows 

a consistent pattern for different exposure periods, suggesting that findings for the 

earliest period are not spurious. The questionnaires referred to swimming instead of 

swimming pool attendance, but given the weather characteristics in the UK, it is 

reasonable to assume that answers refer mainly to indoor swimming pool 

attendance. Although there is no empirical data to confirm this, the majority of 

swimming pools in the area have probably been chlorinated during the study period, 

according to local authorities and the world health organization data showing that 

chlorine is the most common disinfectant used in swimming pools (2). The lack of 

quantitative data on irritants in the swimming pools is a drawback that prevents the 

evaluation of dose-responses and makes the comparison with other study settings 

difficult. Selection bias in the initial sample may affect the external validity of our 

findings. There was a considerable loss to follow up, that as in most cohort studies, 

was greater in children from less advantaged backgrounds, probably leading to an 

overestimation of the swimming prevalence (see table E6 in online supplement). 

However, since socioeconomic status was not an effect modifier, the validity of 

results in the analyzed dataset was not compromised. Data on other environmental 

exposures that could affect respiratory health, e.g. air pollution, was not available to 

check for effect modification or confounding. On the other hand, the available 

information on the health outcomes was very accurate, with clinical measurements 

and validated questions on asthma and allergic symptoms at 7 and at 10 years. The 

strengths of using data from a population based and longitudinal study are very 

relevant. The prospective nature of the data collection reduced the probability of 
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recall bias. It also allowed us to look for the first time at temporal relationships 

between swimming and allergic and respiratory symptoms at different points in time 

during childhood, showing that in this population there was no evidence of reverse 

causation. Along with the prospective design, the large sample size was an 

advantage that allowed us to analyze associations in subgroups of children with 

different previous respiratory conditions.  

Similar to a previous study in Spain (14), an inverse association between swimming 

and asthma symptoms, but not with ever asthma, was found in the overall population 

of this British cohort. This appeared to be driven by the subgroup of asthmatics or 

early wheezing children. Since we could only use TV watching as a proxy for 

sedentarism, we can not disentangle whether this protective effect is caused by 

swimming per se or by other physical activities related to a more active and healthier 

life-style. Recent studies are providing evidence that asthmatics may benefit from 

swimming training as reflected in the clinical measures of disease severity (1,25,26). 

To our knowledge, this is the first longitudinal and population-based study showing 

that swimming is associated with less asthma symptoms among children with 

asthma, after discarding a “healthy-swimmer effect”. Although physical fitness in 

childhood may prevent asthma development in young adulthood (27), our data do 

not seem to indicate that swimming can prevent asthma development in children. If 

our results are further confirmed, swimming would not only be a safe sport for 

asthmatics (26), but also may help controlling asthma symptoms.  These results are 

not extrapolable to swimming pool workers and elite swimmers, which are 

populations at risk of developing adverse respiratory outcomes deserving further 

research. 
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In conclusion, this first large longitudinal study suggests that swimming was not 

associated with ever asthma or atopy in British children. Swimming was associated 

with increased lung function and with lower prevalence of asthma symptoms, 

especially among children with pre-existing respiratory conditions. Findings indicate 

no reverse causation, but confounding by concurrent physical activity or selection 

bias can not be ruled out. More large studies with improved exposure assessment  

especially during the first years of life conducted in different settings are required to 

confirm these results, since they entail important public health implications.  
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 Table 1. Characteristics of the study population. N=5,738. 

 

 N  N total 

Child characteristics    

Sex, male 2908 50.7% 5738 
Birth weight (g). Median, percentiles 25, 75 3450 3120, 3770 5670 
Body mass index at 7 years (Kg). Median,  percentiles 25, 75 15.8 14.9, 17.0 5693 

Environmental exposures    

Any older brothers at age 1.5 years                                        3197 55.7% 5738 
Weekly contact with pets at age 2 or 4.5 years *    4585 82.5% 5555 
Exposure to environmental tobacco smoke at 6 months † 1676 29.8% 5620 
TV watching at 5.4 years, > 2h during weekdays 506 9.5% 5348 

Maternal characteristics    

Age at delivery (years). Median, percentiles 25, 75 29 26, 32 5738 
Higher education ‡  2498 44.3% 5638 
Social class I, II 2110 42.9% 4923 
Asthma 651 11.7% 5564 
Allergy  2577 46.4% 5548 
Hay fever 1750 31.8% 5498 

Clinical evaluation at 7- 8 years    

Positive skin prick test  1226 21.4% 5738 
Lung function  
Standard deviation scores adjusted for height, age and gender 

Median Percentiles 25, 75 N 

      Forced vital capacity (FVC) -0.01 -0.62, 0.66 4708 
      Forced expiratory volume at 1 second (FEV1) 0.01 -0.65, 0.66 4636 
      FEV1:FVC ratio 0.89 0.85, 0.93 4636 
      Forced mid expiratory flow (FEF 25-75) -0.04 -0.68, 0.64 4708 
Bronchial hyper-responsiveness §   0.10 -1.33, 1.05 3117 

 

* cat, dog or any furry pet  

† During the weekend.  

‡ Maternal higher education: A level or degree (studing at least until age 18) 

§ Mean of least squares dose-response slope. Percentage decline in FEV1 per µmol 

methacoline 
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Table 2. Prevalence of reported respiratory symptoms at approximately 7 and 10 

years of age. N=5,738.   

 
 7 years 10 years 

 N % N total N % N total 

Current* asthma  632 11.4 5537 546 11.4 4770 
Current wheezing  598 10.8 5545 487 10.2 4778 
Current asthma medicine  762 13.8 5526    
Current eczema  956 17.3 5534 754 15.8 4774 
Current hay fever  494 8.9 5520 741 15.5 4766 

Current nasal problems 708 12.9 5495 868 18.6 4660 
Current nasal-ocular problems 285 5.2 5493 516 11.1 4650 
Ever asthma †  1109 20.2 5498    
Ever hay fever    990 21.3 4651 

Ever eczema    1560 33.7 4626 

 
* Current: in the last 12 months     †  Doctor diagnosed 
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Table 3. Association (odds ratio, OR) between swimming in different age periods 

and ever asthma, current symptoms (in the last 12 months) and atopic status at 

approximately 7 and 10 years of age. N=5,738.   

  Age 7  years Age 10 years  
 Swimming OR * 95% CI N OR * 95% CI N 

Age < 4 y   Never 1  4440    
 Ever 1.01 0.81-1.26     

Age 4 – 7 y Low 1  4425    
 Medium 1.09 0.88-1.35     
 High 1.07 0.87-1.32     

Age 0 – 7 y Lowest 1  4193    E
ve

r 
as

th
m

a 

 Highest 0.88 0.56-1.38     
Age < 4 y   Never 1  4751 1  3876 

 Ever 0.73 0.55-0.98  0.90 0.67-1.21  
Age 4 – 7 y Low 1  4481 1  4147 

 Medium 1.00 0.76-1.31  0.78 0.59-1.05  
 High 0.97 0.75-1.25  0.91 0.69-1.19  

Age 0 – 7 y Lowest 1  4243 1  3497 

C
u

rr
en

t 
as

th
m

a 

 Highest 0.50 0.28-0.87  0.61 0.32-1.15  
Age < 4 y   Never 1  4757 1  3885 

 Ever 0.83 0.63-1.11  0.95 0.70-1.29  
Age 4 – 7 y Low 1  4488 1  3670 

 Medium 0.93 0.70-1.24  0.90 0.64-1.26  
 High 1.12 0.86-1.46  1.06 0.77-1.45  

Age 0 – 7 y Lowest 1  4249 1  3504 

C
u

rr
en

t 
w

h
ee

zi
n

g
 

 Highest 0.58 0.33-1.02  0.60 0.31-1.14  
Age < 4 y   Never 1  4511    

 Ever 0.70 0.53-0.93     
Age 4 – 7 y Low 1  4437    

 Medium 0.87 0.68-1.12     
 High 0.97 0.76-1.23     

Age 0 – 7 y Lowest 1  4204    

C
u

rr
en

t 
as

th
m

a 
m

ed
ic

at
io

n
 

 Highest 0.58 0.35-0.98     
Age < 4 y   Never 1  4784 1  4430 

 Ever 0.93 0.75-1.16  1.07 0.85-1.34  
Age 4 – 7 y Low 1  4448 1  4181 

 Medium 0.95 0.76-1.20  0.88 0.69-1.12  
 High 1.12 0.91-1.38  0.99 0.79-1.23  

Age 0 – 7 y Lowest 1  4267 1  3977 

C
u

rr
en

t 
ec

ze
m

a 

 Highest 0.66 0.42-1.02  0.86 0.53-1.39  
Age < 4 y   Never 1  4726 1  3828 

 Ever 1.16 0.85-1.56  1.05 0.81-1.36  
Age 4 – 7 y Low 1  4451 1  3617 

 Medium 1.17 0.84-1.63  0.78 0.58-1.05  
 High 1.17 0.86-1.60  1.00 0.76-1.31  

Age 0 – 7 y Lowest 1  4210 1  3454 

C
u

rr
en

t 
h

ay
 f

ev
er

 

 Highest 1.70 0.82-3.52  0.85 0.46-1.56  
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* Adjusting variables per model: Ever asthma) maternal education, maternal asthma, 

birth weight, maternal age, TV watching, atopy; Current asthma) maternal asthma, 

education, atopy; Wheezing) maternal asthma, social class, atopy; Asthma 

medication) maternal asthma, atopy, education, TV watching; Eczema) maternal 

allergy, atopy and sex. Hay fever) maternal hay fever, social class, atopy;  
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Table 4. Association (odds ratio, OR) between asthma and highest vs. lowest 

swimming score between age 0 – 7 years in the overall population and by previous 

respiratory conditions. N=5,738.   

  Wheezing before 3.5 years 

  

All 

children 

Yes 

(44.3%) 

No 

(55.7%) 

interaction 

p-value 

Ever asthma at 7 years    

 OR † 0.88 0.59 1.63 0.061 

 95% CI 0.56-1.38 0.33-1.04 0.62-4.26  

 n 4193 1806 2416  

Current asthma medication at 7 y    

 OR * 0.55 0.35 1.88 0.036 

 95% CI 0.33-0.92 0.18-0.67 0.51-6.85  

 n 4233 1816 2457  

Current asthma at 7 y     

 OR * 0.50 0.35 1.27 0.157 

 95% CI 0.28-0.87 0.18-0.69 0.33-4.91  

 n 4243 1815 2468  

Current asthma at 10y     

 OR * 0.50 0.39 0.57 0.802 

 95% CI 0.28-0.87 0.19-0.81 0.21-1.58  

 n 3980 1701 2267  

   Ever asthma at 7 years  

Current asthma at 10y 

All 

children 

Yes 

(20.2%) 

No 

(79.8%)  

 OR * 0.61 0.34 0.94 0.213 

 95% CI 0.32-1.15 0.14-0.80 0.32-2.73  

 n 3497 750 3160  

 

Adjusting variables per stratifyed models:  

† atopy, maternal asthma, education and age  

* atopy, maternal asthma and education  
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Table 5. Association (adjusted linear regression coeficient) between swimming at different 

age periods and lung function and airway responsiveness at 8 years, expressed as standard 

deviation scores adjusted for height, age and gender. N=5,738.  

 Swimming  Mean difference 95% CI N 

Age < 4 y   Never 0 (reference)   4395 
 Ever -0.05 -0.13 0.03  

Age 4 – 7 y Low 0 (reference)   4060 
 Medium -0.01 -0.09 0.08  
 High 0.08 0.00 0.16  

Age 0 – 7 y Lowest 0 (reference)   3831 F
o

rc
ed

 V
it

al
 

C
ap

ai
ci

ty
 (

F
V

C
) 

 Highest 0.05 -0.13 0.23  
Age < 4 y   Never 0 (reference)   4318 

 Ever -0.03 -0.11 0.05  
Age 4 – 7 y Low 0 (reference)   3997 

 Medium 0.05 -0.04 0.13  
 High 0.10 0.02 0.18  

Age 0 – 7 y Lowest 0 (reference)   3771 

F
o

rc
ed

 
ex

p
ir

at
o

ry
 

vo
lu

m
e 

in
 1

 
se

co
n

d
 (

F
E

V
1)

 

 Highest 0.14 -0.05 0.32  
Age < 4 y   Never 0 (reference)   4383 

 Ever 0.00 -0.00 0.01  
Age 4 – 7 y Low 0 (reference)   4050 

 Medium 0.01 0.00 0.01  
 High 0.00 -0.00 0.01  

Age 0 – 7 y Lowest 0 (reference)   3821 F
E

V
1:

F
V

C
 

 Highest 0.01 -0.00 0.02  
Age < 4 y   Never 0 (reference)   4419 

 Ever 0.04 -0.04 0.12  
Age 4 – 7 y Low 0 (reference)   4081 

 Medium 0.10 0.02 0.19  
 High 0.09 0.01 0.17  

Age 0 – 7 y Lowest 0 (reference)   3851 F
o

rc
ed

 m
id

 
ex

p
ir

at
o

ry
 f

lo
w

 
(F

E
F

 2
5-

75
) 

 Highest 0.20 0.02 0.39  
Age < 4 y   Never 0 (reference)   2848 

 Ever 0.08 -0.08 0.25  
Age 4 – 7 y Low 0 (reference)   2677 

 Medium -0.04 -0.22 0.14  
 High 0.05 -0.12 0.21  

Age 0 – 7 y Lowest 0 (reference)   2584 

B
ro

n
ch

ia
l h

yp
er

-
re

sp
o

n
si

ve
n

es
s 

†  

 Highest 0.03 -0.33 0.40  
 

Adjusting variable per model: FVC) body mass index, birth weight; FEV1) body mass index, 

birth weight, environmental tobacco smoke, atopy; Ratio FEV1:FVC) body mass index, sex, 

atopy; FEF 25-75) Older siblings, birth weight, atopy; Bronchial hyper- responsiveness) sex, 

maternal asthma, maternal hay fever, atopy 

† Mean of least squares dose-response slope (% decline in FEV1 per µmol methacoline) 
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LEGGENDS OF FIGURES 

 

Figure 1. Percentage of reported swimming at different ages. N=5,738. 

 

 

 

 

Figure 2. Association between confounders and swimming at age 4 to 7 years (A) 

and between confounders and symptoms at 7 or 8 years (B). Odds Ratio (OR) with 

95% confidence intervals. N=5,738. 

 

Leggend 

 

* Adjusted by maternal education, except social class. 

† ETS: Environmental tobacco smoke 
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