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Impact of Chlorinated Swimming Pool Attendance on
the Respiratory Health of Adolescents

WHAT’S KNOWN ON THIS SUBJECT: Outdoor or indoor swimming
pools can increase asthma risks, but their overall influence on
allergic diseases has not been evaluated.

WHAT THIS STUDY ADDS: This study shows that attendance at
chlorinated swimming pools exerts a strong adjuvant effect that
contributes significantly to the burden of asthma, hay fever, and

allergic rhinitis during adolescence.

abstract
OBJECTIVE: The goal was to estimate the burden of allergic diseases
associated with chlorinated pool exposure among adolescents.

METHODS: We examined 847 students, 13 to 18 years of age, who had
attended outdoor or indoor chlorinated pools at various rates. Of them,
114 had attendedmainly a copper-silver pool and served as a reference
group. We measured total and aeroallergen-specific immunoglobulin E
(IgE) levels in serum and screened for exercise-induced bronchocon-
striction. Outcomes were respiratory symptoms, hay fever, allergic
rhinitis, and asthma that had been diagnosed at any time (ever
asthma) or was being treated with medication and/or was associated
with exercise-induced bronchoconstriction (current asthma).

RESULTS: Among adolescents with atopy with serum IgE levels of�30
kIU/L or aeroallergen-specific IgE, the odds ratios (ORs) for asthma
symptoms and for ever or current asthma increased with the lifetime
number of hours spent in chlorinated pools, reaching values of 7.1 to
14.9 when chlorinated pool attendance exceeded 1000 hours. Adoles-
cents with atopy with chlorinated pool attendance of�100 hours had
greater risk of hay fever (OR: 3.3-6.6), and those with attendance of
�1000 hours had greater risk of allergic rhinitis (OR: 2.2-3.5). Such
associations were not found among adolescents without atopy or with
copper-silver pool attendance. The population attributable risks for
chlorinated pool-related ever-diagnosed asthma, hay fever, and aller-
gic rhinitis were 63.4%, 62.1%, and 35.0%, respectively.

CONCLUSION: Chlorinated pool exposure exerts an adjuvant effect on
atopy that seems to contribute significantly to the burden of asthma
and respiratory allergies among adolescents. Pediatrics 2009;124:
1110–1118
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Swimming pools commonly are dis-
infected through water chlorination
with hypochlorite, chlorine gas, or
chloroisocyanurates. These chlorine-
based disinfectants, loosely referred
to as chlorine, release in water hypo-
chlorous acid, a nonselective biocide
that oxidizes all forms of organic mat-
ter in pool water, which has advan-
tages but also some disadvantages.
Because of its strong oxidizing poten-
tial, chlorine can inactivate a wide
spectrum of waterborne pathogens,
but it also reacts with organs of swim-
mers in contact with pool water or air,
causing irritation of the skin, eyes, and
upper respiratory tract. In addition,
when oxidizing organic matter from
swimmers or other sources, chlorine
releases a mixture of harmful byprod-
ucts, including irritants such as chlo-
ramines and haloacetic acids.1–4

Regulatory bodies and health authori-
ties long have regarded these irritat-
ing effects of pool chlorine as a mere
source of discomfort for swimmers,
arguing that the dangers of chlorine, if
any, must be weighed against the risks
of inadequate disinfection and the
health benefits of swimming.1,5 This
way of reasoning, which has domi-
nated swimming pool management for
several decades, is being increasingly
challenged by reports of health prob-
lems among swimmers.4 For several
years, it has been known that elite
swimmers have a higher prevalence of
respiratory symptoms, asthma, and
airway inflammation than do other
athletes.4 It was assumed that this
poorer respiratory health of swim-
mers was the consequence of a selec-
tion bias attributable to the lower
asthmagenicity of indoor swimming,
compared with other sports. Re-
searchers increasingly acknowledge
that these respiratory problems may
be attributable, at least in part, to chlo-
rine used to disinfect pool water.6–8

Public concern about the dangers of
pool chlorine, however, was particu-
larly aroused when it was found that
indoor chlorinated pools may be detri-
mental to the airways of children,
causing epithelial damage and in-
creasing asthma risk.9–12 Studies by
other investigators confirmed these
respiratory effects of pool chlorine13–15

and provided additional evidence that
chlorinated pools may contribute to
the development of allergic diseases.16

Initially, the respiratory problems of
swimmers were attributed to the irri-
tating effects of trichloramine, the gas
that gives indoor pools their typical
smell and can cause asthma in life-
guards.17,18 However, the recent finding
that asthma risk is increased similarly
with attendance at outdoor pools dem-
onstrates that trichloramine cannot
be the main cause of respiratory ef-
fects in swimmers, because this highly
volatile gas is quickly dispersed into
the atmosphere when it is released
outdoors.19 Substances causing asthma
and breathing difficulties in swimmers
must be sought among the chlorina-
tion products present in pool water or
floating at the surface of the pool as
aerosols or vapors. If this reasoning is
correct, then it means that the respira-
tory impact of chlorinated pools can be
assessed correctly only by taking into
account total exposure to chlorinated
pools, regardless of the type of pool
and the conditions of attendance.

The aim of the present study was to
assess for the first time the overall im-
pact of chlorinated pool exposure on
the respiratory health of adolescents,
by considering the total time spent in
indoor or outdoor chlorinated pools.
The study took advantage of the exis-
tence in Belgium of copper-silver
pools, which enabled us to identify a
reference population of swimmers
with no or minimal exposure to chlori-
nation products.

METHODS

The ethics committee of the Faculty of
Medicine of the Catholic University of
Louvain approved the study protocol.
We recruited adolescents in 3 sec-
ondary schools in the southern part
of Belgium, in the cities of Louvain-la-
Neuve, Bastogne, and Lessines. Par-
ticipation rates were similar among
the 3 schools, as well as between
girls and boys (between 70.6% and
72.1%).

Students in Louvain-la-Neuve had ac-
cess to an indoor pool sanitized
through the copper-silver method,
whereas students at the other 2
schools could visit only indoor pools
disinfected with chlorine. According to
the Belgian legislation, each swimming
pool is required to check the microbial
and chemical qualities of water regu-
larly by measuring several parame-
ters, including active (0.5–1.5 ppm)
and combined (�2 ppm) chlorine. In
2003, the legislation was enforced
through a lowering of the standard for
combined chlorine (�0.8 ppm) and
the setting of a standard for trichlora-
mine levels in pool air (�500�g/m3 in
air sampled 1.5 m above the pool sur-
face). The concentrations of trichlora-
mine in air ranged from 300 to 500
�g/m3. There were occasional ex-
ceedances of active or combined chlo-
rine levels but without attaining levels
that might pose a risk to swimmers,
according to international guidelines
(concentrations of active and com-
bined chlorine never exceeded 4 ppm).
The water of the copper-silver pool
was sanitized with concentrations of
copper (0.6–1.2 mg/L) and silver
(2–10 �g/L) that were lower than
drinking water guidelines.20

The protocol for examining students
was described in detail elsewhere.19

Briefly, parents completed a question-
naire inquiring about the health of
their child and risk factors for asthma
and allergic diseases. The questions
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about respiratory symptoms and aller-
gic diseases were those of the Interna-
tional Study of Asthma and Allergy in
Childhood.21 The questionnaire also in-
cluded questions intended to estimate
the total time the child had spent in
indoor or outdoor chlorinated pools.
Students were asked not to visit a chlo-
rinated pool during the 48 hours pre-
ceding the study. The examination of
students, which was performed in
schools, included measurements of
height and body weight, an interview
with the adolescent about respiratory
symptoms, collection of a blood sam-
ple, and screening for exercise-
induced bronchoconstriction (EIB).
The EIB test consisted of measuring
the decrease in forced expiratory vol-
ume in 1 second (FEV1) after 6 minutes
of indoor running with submaximal ef-
fort, and results were considered pos-
itive when the exercise caused a de-
crease in FEV1 of �10%.22 Asthma
medication use was not discontinued
before the test. Asthma was defined ei-
ther as “ever asthma,” corresponding
to asthma diagnosed at any time by a
physician, or as “current asthma,” cor-
responding to physician-diagnosed
asthma that, at the time of the study,
was being treated with medication
(bronchodilators and/or inhaled corti-
costeroids) and/or was associated
with positive EIB test results. Because
the examination of adolescents in
schools precluded any allergic provo-
cation test, we screened for allergies
by measuring total and aeroallergen-
specific immunoglobulin E (IgE) con-
centrations in serum, using the Immu-
lite IgE kit (Diagnostic Products, Los
Angeles, CA). Sensitization against spe-
cific aeroallergens was defined as se-
rum concentrations of specific IgE of
�0.35 kIU/L.

We assessed associations between
outcomes and cumulative chlorinated
pool attendance (CPA) stratified into 4
categories, that is,�100 hours, 100 to

500 hours, 500 to 1000 hours, or
�1000 hours. Adjusted odds ratios
(ORs) for the outcomes in these cate-
gories were calculated with backward
logistic regression models, using as
the reference level the occurrence of
the outcome among adolescents with
CPA of �100 hours. Backward selec-
tion started with a model including all
potential control variables and each
step was performed by deleting the
least-significant predictor, until the
model contained only variables with
P � .20. We tested a total of 26 poten-
tial predictors, including CPA, gender,
total and aeroallergen-specific IgE lev-
els, parental asthma or allergy, and
maternal smoking during pregnancy.
Population attributable risks (PARs)
were calculated by using the formula
P(OR� 1)/[P(OR� 1)� 1], where P is
the prevalence of the exposure and OR
is the adjusted OR attributable to the
exposure. The level of statistical signif-
icance was set at P� .05.

RESULTS

Table 1 shows the characteristics of
participants. The 2 genders were sim-
ilarly represented in the 3 schools ex-
cept for the school in Bastogne, which
included more girls. There were no
or little differences between the 3
schools with respect to age (15 years,
on average), ethnicity, and indicators
of respiratory health except for the
prevalence of hay fever and FEV1 val-
ues, which were higher in Bastogne
and Lessines, respectively. Students in
Louvain-la-Neuve had higher socioeco-
nomic status than their peers, as re-
flected by parental education levels
and several lifestyle factors, such as
breastfeeding, exposure to tobacco
smoke, and access to a backyard pool.
Because they had access to an in-
door copper-silver pool, students in
Louvain- la-Neuve had much lower
CPA levels than did those in Bastogne
and Lessines. Among them, 118 had a
lifetime CPA value of �100 hours.

Those students were selected to con-
stitute the reference group.

We first assessed associations be-
tween chlorinated pools and outcomes
through stratification of data into cat-
egories of increasing CPA (Table 2).
The rate of sensitization to major
aeroallergens did not vary with CPA,
whereas the total serum IgE concen-
trations showed, if anything, a ten-
dency to decrease. There also was lit-
tle variation in FEV1 values, which
showed only a very modest increase
(2%, on average) between the lowest
and highest CPA categories. Preva-
lences of wheezing and EIB, although
increased in all groupswith CPA values
of �100 hours, did not show any sig-
nificant exposure-related trend. In con-
trast, the prevalences and odds of ever
asthma, current asthma, cough, and
shortness of breath increased almost
linearly with the time spent in chlori-
nated pools. These exposure-related
increases persisted when students
in Bastogne and Lessines, who vis-
ited only chlorinated pools, and
those in Louvain-la-Neuve, who also
had access to the copper-silver pool,
were examined separately (eg, P val-
ues for trend were .02 and .07 for
ever asthma and .02 and .04 for cur-
rent asthma, respectively).

For cough and shortness of breath,
these associations even persisted
when adolescents with a diagnosis of
asthma were excluded (P for trend of
.004 and .05, respectively). The risk
of hay fever was increased in all
groups with CPA values of�100 hours,
whereas the risk of allergic rhinitis
was increased only in the group with
the highest CPA value (�1000 hours).

Risks of respiratory symptoms (Table
3) and asthma (Table 4) associated
with CPA were strongly influenced by
atopic status. CPA increased the risks
of wheezing, cough, shortness of
breath, ever asthma, and current
asthma only among adolescents with
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higher total serum IgE levels and had
no influence on these outcomes
among the other adolescents. For the
risks of ever or current asthma, the
same patterns of interactions between
CPA and atopy, defined as sensitization

to any aeroallergen, emerged. An inter-
action with the risk of EIB also
emerged and was significantly in-
creased only among sensitized adoles-
cents. For respiratory symptoms, how-
ever, the interaction between CPA and

aeroallergen sensitization was less
clear cut, with CPA increasing the risk
of cough for adolescents without and
with atopy and the risk of shortness of
breath only for adolescents without
atopy (Table 4).

TABLE 1 Characteristics of Adolescents

Characteristics Louvain-la-Neuve
(N� 357)

Bastogne
(N� 349)

Lessines
(N� 141)

P

Adolescents
Boys, n (%) 167 (46.8) 130 (37.2) 72 (51.1) .006
Age, mean� SD, y 15.4� 0.81 15.5� 0.83 15.5� 0.87 .54
White, n (%) 343 (96.1) 344 (98.6) 137 (97.2) .13
BMI, mean� SD, kg/m2 20.1� 2.3 21.0� 3.3 21.0� 3.2 �.001

Parents
Asthma, n (%) 49 (13.7) 39 (11.2) 25 (17.7) .15
Hay fever, n (%) 101 (28.3) 71 (20.3) 36 (25.5) .05
Allergic rhinitis, n (%) 60 (16.8) 52 (14.9) 21 (14.9) .75
Education, n (%) 278 (77.9) 98 (28.1) 28 (19.9) �.001
Early life
Birth weight, mean� SD, kg 3.32� 0.55 3.33� 0.58 3.25� 0.61 .35
Breastfeeding, n (%) 305 (85.4) 191 (54.7) 76 (53.9) �.001
Child care attendance, n (%) 241 (67.5) 111 (31.8) 43 (30.5) �.001
Exposure to tobacco smoke
Active smoking, n (%) 20 (5.6) 14 (4.0) 16 (11.3) .007
Smoking during pregnancy, n (%) 25 (7.0) 55 (15.8) 25 (17.7) �.001
Passive smoking at home, n (%) 20 (5.6) 14 (4.0) 16 (11.3) .007
Environment
No. of older siblings, mean� SD 0.93� 0.98 0.98� 1.02 0.85� 0.99 .43
Mold on bedroom walls, n (%) 30 (8.4) 19 (5.4) 10 (7.1) .30
Housecleaning with bleach, n (%) 77 (21.6) 91 (26.1) 60 (42.6) �.001
Living close to busy road, n (%) 55 (15.4) 56 (16.0) 43 (30.5) �.001
Exposure to pets since birth, n (%) 51 (14.4) 47 (13.5) 17 (12.1) .79
Swimming pool attendance
Indoor
n (%) 243 (68.1) 348 (99.7) 138 (97.9) �.001
CPA, median (IQR), h 126 (48–286) 400 (255–657) 407 (217–724) �.001
Outdoor
n (%) 270 (75.6) 183 (52.4) 61 (43.3) �.001
CPA, median (IQR), h 229 (70–477) 147 (57–336) 308 (134–599) �.001
Indoor and outdoor
n (%) 324 (90.8) 348 (99.7) 138 (97.9) �.001
CPA, median (IQR), h 312 (126–649) 524 (300–895) 522 (280–1002) �.001

Aeroallergen-specific serum IgE, n (%)
Dust mite 103 (28.9) 103 (28.9) 32 (22.7) .34
Dog 15 (4.2) 15 (4.2) 10 (7.1) .40
Cat 49 (13.7) 49 (13.7) 14 (9.9) .50
Pollen 65 (18.2) 65 (18.2) 19 (13.5) .002
Mold 11 (3.1) 11 (3.1) 7 (5.0) .14
�1 aeroallergen 136 (38.1) 136 (38.1) 43 (30.5) .19
Total serum IgE level, median (IQR), kIU/L 60.0 (22.1–173) 60.0 (22.1–173) 44.9 (13.8–147) .004
Respiratory function and diseases
Proportion of predicted FEV1, mean� SD, % 99.0� 13.9 100.9� 13.9 104.0� 15.1 .001
Positive EIB test results, n (%) 51 (14.3) 63 (18.0) 22 (14.6) .39
Ever asthma, n (%) 38 (10.6) 36 (10.3) 14 (9.9) .97
Current asthma, n (%)a 21 (5.9) 21 (6.0) 10 (7.1) .87
Hay fever, n (%) 45 (12.6) 67 (19.2) 19 (13.5) .04
Allergic rhinitis, n (%) 60 (16.8) 58 (16.6) 23 (16.3) .99

P values indicate the level of statistical significance in ���2 tests (prevalences) or Kruskal-Wallis analyses of variance (mean or median values). IQR indicates interquartile range.
a Includes 52 subjects with ever physician-diagnosed asthma who, at the time of the study, were receiving asthma medication (n � 37) and/or had positive EIB test results
(n � 24).
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CPA also interacted with aeroallergen
sensitization, and specifically pollen
and dust mite sensitization, to in-
crease the risks of hay fever and aller-
gic rhinitis (Table 5). The exposure-
response relationships for hay fever
and allergic rhinitis were noticeably
different, and they also were different
from the relationships observed for
asthma. Although the odds for allergic

rhinitis were increased only among
sensitized adolescents with the high-
est CPA values (�1000 hours), the
odds for hay fever were increased sig-
nificantly among sensitized adoles-
cents with CPA values of �100 hours
and above this threshold tended to pla-
teau. This nonlinear relationship sug-
gests an early increase of hay fever
risk toward a plateau that seems to be

reached when CPA exceeds 500 hours.
To test this hypothesis, we further as-
sessed the dose-response relation-
ships by stratifying data for adoles-
cents with CPA values of �500 hours.
As shown in Fig 1, the prevalence of hay
fever among these adolescents in-
creased linearly with CPA, whether all
subjects were considered or boys and
girls were considered separately, and

TABLE 2 Total and Any Aeroallergen-Specific Serum IgE Levels, FEV1, and Risks of Respiratory Symptoms, EIB, and Physician-Diagnosed Allergic Diseases
Among Adolescents With Increasing Cumulative CPA

CPA P

�100 h 100–500 h 500–1000 h �1000 h

N 114 369 221 143
CPA, median (IQR), h 24 (0–56) 288 (194–378) 693 (600–825) 1483 (1165–1967)
Boys, n (%) 63 (55.3) 147 (39.8) 99 (44.8) 60 (42.0) .03
Age, mean� SD, y 15.5� 0.88 15.5� 0.84 15.5� 0.85 15.5� 0.86 .88
Total serum IgE level, median (IQR), kIU/L 58.6 (22.8–152) 53.1 (19.8–157) 42.3 (16.1–126) 44.9 (15.4–149) .10
Aeroallergen-specific serum IgE, n (%) 44 (38.6) 142 (38.5) 62 (37.1) 53 (37.0) .90
Proportion of predicted FEV1, mean� SD, % 100.2� 14.7 99.7� 14.0 100.9� 14.4 103.1� 13.8 .11
Wheezing
n (%) 9 (8.8) 46 (12.5) 24 (10.9) 23 (16.1) .12
OR (95% CI)a 1.00 (1.00–1.00) 1.40 (0.65–3.00) 1.32 (0.58–2.00) 2.09 (0.90–4.84)

Cough
n (%) 11 (9.6) 62 (16.8) 32 (14.5) 39 (27.3) �.001
OR (95% CI)b 1.00 (1.00–1.00) 1.39 (0.68–2.85) 1.32 (0.62–2.82) 3.00 (1.41–6.38)

Chest tightness
n (%) 3 (2.6) 16 (4.3) 7 (3.2) 10 (7.0) .37
OR (95% CI)c 1.00 (1.00–1.00) 1.25 (0.34–4.52) 1.02 (0.25–4.17) 2.78 (0.72–10.7)
Shortness of breath
n (%) 4 (3.5) 23 (6.2) 17 (7.7) 16 (11.2) .01
OR (95% CI)d 1.00 (1.00–1.00) 1.49 (0.49–4.55) 2.15 (0.68–6.78) 3.25 (1.01–10.5)
Positive EIB test results
n (%) 13 (11.4) 66 (17.9) 33 (14.9) 24 (16.8) .68
OR (95% CI)e 1.00 (1.00–1.00) 1.61 (0.84–3.11) 1.28 (0.64–2.61) 1.56 (0.74–3.28)
Ever asthma
n (%) 6 (5.3) 36 (9.8) 23 (10.4) 23 (16.1) .007
OR (95% CI)f 1.00 (1.00–1.00) 1.80 (0.71–4.57) 2.08 (0.79–5.48) 3.74 (1.40–9.93)
Current asthma
n (%) 2 (1.8) 22 (6.0) 14 (6.4) 17 (11.9) .002
OR (95% CI)g 1.00 (1.00–1.00) 2.99 (0.66–13.5) 3.77 (0.81–17.5) 8.05 (1.74–37.2)
Hay fever
n (%) 8 (7.0) 63 (17.1) 35 (15.9) 25 (17.4) .10
OR (95% CI)h 1.00 (1.00–1.00) 3.04 (1.34–6.87) 2.64 (1.12–6.23) 3.49 (1.42–8.57)
Allergic rhinitis
n (%) 12 (10.5) 65 (17.9) 38 (17.3) 26 (18.2) .21
OR (95% CI)i 1.00 (1.00–1.00) 2.00 (0.99–4.03) 1.96 (0.93–4.11) 2.38 (1.08–5.22)

P values indicate the level of statistical significance in �2 tests for trend. CI indicates confidence interval; IQR, interquartile range.
a Adjusted for parental allergy, total serum IgE level, BMI, birth weight, maternal smoking during pregnancy, active smoking, pacifier use, house with double glazing, and living�100 m from
a busy road.
b Adjusted for parental asthma, gender, older siblings, parental smoking, air fresheners, house with double glazing, and living�100 m from a busy road.
c Adjusted for gender, birth weight, pacifier use, smoking, mold on bedroom walls, and living�100 m from a busy road.
d Adjusted for gender, maternal smoking during pregnancy, breastfeeding, smoking, air fresheners, mold on bedroom walls, and living�100 m from a busy road.
e Adjusted for parental asthma, gender, total serum IgE level, sensitization to any aeroallergen, maternal smoking during pregnancy, older siblings, house cleaning with bleach, and mold
on bedroom walls.
f Adjusted for sensitization to any aeroallergen, parental smoking, birth weight, breastfeeding, pacifier use, and living�100 m from a busy road.
g Adjusted for parental asthma, gender, sensitization to any aeroallergen, maternal smoking during pregnancy, and house cleaning with bleach.
h Adjusted for parental allergy, BMI, sensitization to any aeroallergen, day care attendance, and air fresheners.
i Adjusted for parental allergy, BMI, total serum IgE level, sensitization to any aeroallergen, birth weight, and maternal smoking during pregnancy.
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even when only adolescents without
parental hay fever were considered.
Quite remarkably, this early increase
was found only among subjects who
were sensitized to aeroallergens or
pollen.

The PARs for atopic diseases associ-
ated with CPA were calculated by con-
sidering as exposed the students with
atopy who had spent �100 hours in
chlorinated swimming pools. When
atopy was defined on the basis of total
serum IgE levels, these calculations
yielded PARs of 63.4% for ever asthma,
79.2% for current asthma, 62.1% for
hay fever, and 35.0% for allergic rhini-
tis. We obtained similar PAR estimates
when atopy was defined as sensitiza-
tion to any aeroallergen (ever asthma:
46.2%; current asthma: 67.3%; hay fe-
ver: 49.8%; allergic rhinitis: 29.6%). By
comparison, the PARs for ever and cur-
rent asthma attributable to maternal
smoking during pregnancy, the only
other lifestyle risk factor remaining in
the model with P values of �.20 (P �
.09 and P � .11, respectively), were
8.3% and 10.1%, respectively.

DISCUSSION

Our findings show that CPA during
childhood interacts with atopic status
to increase the risk of asthma, hay fe-
ver, and allergic rhinitis. Although one
could evoke the possibility of reverse
causation to explain the associations
between asthma and indoor pool at-
tendance on the basis that indoor
swimming is recommended frequently
for individuals with asthma, this expla-
nation does not hold for associations
with hay fever and allergic rhinitis or
for associations with respiratory
symptoms (cough and shortness of
breath) observed in the absence of a
diagnosis of asthma. The hypothesis of
reverse causation seems even more
unlikely because it implies that only in-
dividuals with atopy would be encour-
aged to swim, a possibility refuted by

TABLE 3 Risks of Wheezing, Cough, and Shortness of Breath With Increasing CPA for Adolescents
Classified as Nonatopic or Atopic on the Basis of Total or Aeroallergen-Specific Serum IgE
Levels

Symptom and CPA Total IgE Level Aeroallergen-Specific IgE Level

�30 kIU/L
(N� 315)

�30 kIU/L
(N� 532)

�0.35 kIU/L
(N� 526)

�0.35 kIU/L
(N� 321)

Wheezing
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 0.95 (028–3.32) 2.00 (0.72–5.55) 1.10 (0.39–3.11) 1.95 (0.60–6.37)
500–1000 h 0.89 (0.25–3.20) 1.73 (0.57–5.24) 1.16 (0.39–3.50) 1.52 (0.93–5.37)
�1000 h 1.04 (0.27–4.10) 3.36 (1.11–10.2) 1.49 (0.48–4.65) 3.45 (0.96–12.4)
P for trend .81 .07 .31 .21
Cough
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 0.76 (0.27–2.16) 2.09 (0.75–5.79) 1.09 (0.48–2.48) 2.74 (0.58–13.0)
500–1000 h 0.49 (0.16–1.52) 2.89 (0.97–8.18) 0.90 (0.37–2.20) 3.61 (0.73–18.0)
�1000 h 2.19 (0.74–6.50) 3.89 (1.31–11.6) 2.40 (1.00–5.78) 5.65 (1.12–28.6)
P for trend .07 .008 .03 .02
Shortness of breath
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 0.86 (0.19–3.86) 3.38 (0.42–27.0) 0.90 (0.23–3.55) 3.32 (0.39–28.4)
500–1000 h 1.03 (0.21–4.99) 5.25 (0.64–43.3) 1.34 (0.33–5.49) 4.85 (0.55–43.0)
�1000 h 1.10 (0.21–5.63) 9.58 (1.16–79.3) 2.15 (0.52–8.93) 6.03 (0.64–58.8)
P for trend .65 .005 .04 .13

Numbers in the 4 CPA categories were as follows: IgE level of�30 kIU/L, 35, 128, 95, and 57; IgE level of�30 kIU/L, 79, 241,
126, and 86; level of IgE against any aeroallergen of�0.35 kIU/L, 70, 227, 139, and 90; level of IgE against any aeroallergen of
�0.35 kIU/L, 43, 142, 82, and 53. ORs were adjusted for the same predictors as in Table 2. P values indicate the level of
statistical significance in �2 tests for trend. CI indicates confidence interval.

TABLE 4 Risks of Ever Asthma, Current Asthma, and EIB With Increasing CPA for Adolescents
Classified as Nonatopic or Atopic on the Basis of Total or Aeroallergen-Specific Serum IgE
Levels

Total IgE Level Aeroallergen-Specific IgE Level

�30 kIU/L
(N� 315)

�30 kIU/L
(N� 532)

�0.35 kIU/L
(N� 526)

�0.35 kIU/L
(N� 321)

Ever asthma
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 0.62 (0.15–2.64) 3.14 (0.88–11.2) 1.05 (0.27–3.98) 2.77 (0.76–10.1)
500–1000 h 0.81 (0.18–3.62) 3.75 (1.01–13.9) 1.27 (0.32–5.08) 2.88 (0.75–11.0)
�1000 h 0.60 (0.11–3.35) 7.82 (2.11–29.1) 1.42 (0.33–6.09) 7.11 (1.83–27.5)
P for trend .70 .0004 .44 .003
Current asthma
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 0.55 (0.05–6.59) 5.44 (0.69–43.0) 0.92 (0.10–8.81) 5.39 (0.67–43.1)
500–1000 h 0.39 (0.02–6.68) 8.19 (1.02–65.8) 0.79 (0.07–9.29) 7.32 (0.80–59.6)
�1000 h 1.33 (0.11–16.8) 14.9 (1.85–120) 3.02 (0.33–28.0) 12.6 (1.52–105)
P for trend .76 .0005 .09 .006
Positive EIB test results
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 2.32 (0.67–7.99) 1.46 (0.66–3.23) 0.95 (0.43–2.10) 4.19 (1.18–14.9)
500–1000 h 0.95 (0.25–3.52) 1.38 (0.59–3.26) 0.66 (0.27–1.60) 3.83 (1.04–14.1)
�1000 h 1.42 (0.35–5.80) 1.71 (0.70–4.20) 1.03 (0.42–2.58) 3.67 (0.93–14.6)
P for trend .49 .24 .71 .26

Numbers in the 4 CPA categories stratified according to total serum IgE levels or aeroallergen-specific serum IgE levels were
the same as in Table 3. ORs were adjusted for the same predictors as in Table 2. P values indicate the level of statistical
significance in �2 tests for trend. CI indicates confidence interval.
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the fact that the proportion of individ-
uals with atopy showed a tendency to
decrease with lifetime pool atten-
dance. These associations cannot be
ascribed to swimming itself, because
none of the studied outcomes was in-
fluenced by attendance at the copper-
silver pool. The only plausible explana-
tion is that the chlorine-based oxidants

in water or air floating at the pool sur-
face cause some airway changes and
promote the development of allergic
diseases.

The present study confirms the pool
chlorine-atopy interaction in asthma
development that we found previously
among schoolchildren who attended

indoor chlorinated pools.11 Although
they were based on different popula-
tions of swimmers, 2 Scandinavian
studies reported observations that
also suggest the existence of interac-
tive effects of atopy and exposure to
chlorinated pools. Among competitive
swimmers, Helenius et al6 found that
asthma risk was �10 times greater
among elite swimmers who had atopy
than among those who did not. Investi-
gating the effects of infant swimming
on the respiratory health of children,
Nystad et al23 reported that infant
swimming increased the risk of wheez-
ing among children whose parents
had atopy but not among those whose
parents did not. Because children of
parents with atopy are more likely to
have atopy themselves, this study
points indirectly to an interaction be-
tween atopic status and CPA in the de-
velopment of childhood asthma.

Probably themost important finding of
our study is that the pool chlorine-
atopy interaction described initially
for asthma may extend to other com-
mon allergic diseases, such as hay fe-
ver and allergic rhinitis. Exposure-
response relationships seemed to
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FIGURE 1
Prevalences of hay fever among adolescents according to their attendance at indoor or outdoor
chlorinated swimming pools, for all subjects, for girls and boys separately, for adolescents without
parental hay fever, and for adolescents sensitized or not sensitized against pollen or any aeroallergen.
P values correspond to �2 tests for trend.

TABLE 5 Risks of Hay Fever and Allergic Rhinitis With Increasing CPA for Adolescents Classified as Nonatopic or Atopic on the Basis of Total or
Aeroallergen-Specific Serum IgE Levels

Total IgE Level Aeroallergen-Specific IgE Level Pollen-Specific IgE Level Dermatophagoides-Specific
IgE Level

�30 kIU/L
(N� 315)

�30 kIU/L
(N� 532)

�0.35 kIU/L
(N� 526)

�0.35 kIU/L
(N� 321)

�0.35 kIU/L
(N� 671)

�0.35 kIU/L
(N� 176)

�0.35 kIU/L
(N� 622)

�0.35 kIU/L
(N� 225)

Hay fever
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 0.61 (0.11–3.27) 4.50 (1.73–11.7) 1.31 (0.36–4.80) 4.68 (1.66–13.2) 2.02 (0.66–6.14) 4.13 (1.22–14.0)
500–1000 h 0.66 (0.12–3.69) 3.72 (1.36–10.2) 1.46 (0.38–5.69) 3.27 (1.10–9.72) 1.79 (0.55–5.76) 4.38 (1.18–16.2)
�1000 h 0.52 (0.08–3.55) 5.39 (1.89–15.4) 1.36 (0.32–5.81) 5.70 (1.82–17.9) 2.30 (0.69–7.70) 6.56 (1.61–26.9)
P for trend .99 .02 .65 .049 .30 .03
Allergic rhinitis
OR (95% CI)

�100 h 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
100–500 h 4.31 (0.53–35.1) 1.88 (0.87–4.03) 1.70 (0.56–5.21) 2.04 (0.83–5.04) 1.98 (0.78–5.01) 2.00 (0.69–5.78)
500–1000 h 3.52 (0.41–30.0) 2.01 (0.88–4.59) 1.63 (0.50–5.28) 1.93 (0.74–5.05) 1.48 (0.55–3.97) 2.65 (0.84–8.31)
�1000 h 3.54 (0.39–32.5) 2.22 (0.93–5.31) 1.44 (0.39–5.23) 3.54 (1.27–9.84) 1.78 (0.62–4.90) 3.46 (1.04–11.5)
P for trend .65 .11 .84 .10 .66 .012

Numbers in the 4 CPA categories stratified according to total serum IgE or aeroallergen-specific serum IgE levels were the same as in Table 3. Numbers in the other CPA categories were as
follows: pollen-specific IgE level of�0.35 kIU/L, 92, 283, 180, and 116; pollen-specific IgE level of�0.35 kIU/L, 22, 86, 41, and 27; Dermatophagoides-specific IgE level of�0.35 kIU/L, 83, 267,
169, and 103; level of IgE against any aeroallergen of �0.35 kIU/L, 31, 102, 52, and 40. ORs were adjusted for the same predictors as in Table 2. P values indicate the level of statistical
significance in �2 tests for trend. CI indicates confidence interval.
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differ according to the type of respira-
tory allergy, which is not surprising,
given the variable deposition of inhal-
ants along the respiratory tract. In par-
ticular, the interaction between chlo-
rine and atopy in the risk of hay fever
was triggered by much lower CPA lev-
els, compared with asthma and aller-
gic rhinitis. These differences in
exposure-response relationships, as
well as probably some differences in
chlorine levels in swimming pools,
might explain some conflicting results
from other studies. In a retrospective
analysis of data onmedical history and
swimming pool attendance of a cohort
of adults in Germany, Kohlhammer et
al16 found that early school pool atten-
dance was associated with increased
risk of hay fever but no association
with asthma emerged, in contrast to
our findings. We think that the explana-
tion for this discrepancy might lie in
the fact that the German cohort was
composed of adults who, during their
childhood, had been much less ex-
posed to chlorinated pools than are
present-day children. It is possible
that, when they were children, these
adults had attended chlorinated pools
enough to exceed the CPA threshold
for inducing hay fever but not enough
to attain the CPA threshold for induc-
ing asthma. More recently, the same
German team further explored the re-
lationship between swimming during
infancy and the development of aller-

gies by analyzing 6-year follow-up data
for a prospective birth cohort study.24

The authors could not detect clear asso-
ciations between swimming and the de-
velopment of allergic diseases. The au-
thors explained the findings on the
basis of the fact that the German chlo-
rine standards at the time those chil-
dren attended pools had already been
decreased to levels that were much
lower (by factors of 2 and 10, respec-
tively) than the standards in effect in
the former German study24 and our
studies.10–12 Another possible explana-
tion would be that the population stud-
ied by Schoefer et al24 was still too
young for detection of associations
with asthma and other atopic dis-
eases, conditions that usually are diag-
nosed correctly later in childhood.25

Disruption of epithelial barriers in-
creasingly seems to be a basic mecha-
nism in allergic sensitization.26 Most
potent allergens, such as dust mites,
cat dander, and pollen, display a pro-
teolytic activity that allows then to
open tight junctions, to cross epithelial
barriers more easily, and from there
to interact with immune cells.27–29 Chlo-
rination products such as hypochlor-
ous acid and chloramines are
membrane-permeant oxidants that
also can breach tight junctions and
can facilitate the transepithelial deliv-
ery of allergens. These chemicals
might thus promote allergic diseases
through a mechanism similar to aller-

gens displaying proteolytic activity. Be-
cause there is no reason to think that
chlorine-based oxidants would react
differently with the epithelia of the up-
per and lower airways, we think that
differences in exposure-response rela-
tionships between hay fever and
asthma might reflect primarily differ-
ences in the doses of chlorination
products deposited along the respira-
tory tract. If the risk of hay fever in-
creases significantly with much lower
CPA levels than asthma, then it might
be simply because the upper airways
receive most of the burden of chlorine
that swimmers inhale actively at the
surface of the pool.30

CONCLUSIONS

Our study shows that CPA exerts a
strong adjuvant effect on the develop-
ment of asthma, hay fever, and allergic
rhinitis. These findings reinforce the
need to pursue research in this area
and to enforce regulations concerning
the levels of these chemicals in water
and air of swimming pools.
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