
Eur Respir J 1998; 11: 1312–1318
DOI: 10.1183/09031936.98.11061312
Printed in UK - all rights reserved

Copyright ©ERS Journals Ltd 1998
European Respiratory Journal

ISSN 0903 - 1936

Effects of air quality on chronic respiratory symptoms adjusted 
for allergy among preadolescent children

W. Jedrychowski, E. Flak

aa

For several decades, outdoor air pollution at high con-
centrations has been known to cause clinically significant
adverse respiratory effects in children and adults. However,
several studies have also described a strong association
between the prevalence of chronic respiratory symptoms
and outdoor concentrations of suspended particulate matt-
er (SPM) and sulphur dioxide (SO2) at ambient levels [1–5].

In most epidemiological studies, air pollution data have
been taken from a centrally located air-monitoring station
established in a given community at the time of the health
examination, or the air monitoring preceded the health
survey for only a short time. Some of these studies took
into account factors affecting indoor air quality, such as
cigarette smoking or the use of a gas stove. However, in
recent years, other indoor characteristics such as damp-
ness or moulds in the house have also been found to be
potential factors posing respiratory health risks [6–15].

During recent years more attention has also been paid
to a better understanding of geographical differences in
the prevalence of respiratory symptoms [16] and evidence
is accumulating for a major role of allergy in the child-
hood onset of symptoms. This was recently supported by
VON MUTIUS et al. [17], who found that sensitization to aero-
allergens accounted almost entirely for the differences in
the prevalence of allergy-related respiratory symptoms be-
tween children of the former East and West Germany.

The main purpose of this study was to show which ad-
verse respiratory effects are related to outdoor pollutant
measurements (gathered under standardized procedures
over longer periods preceding the health survey) and how
self-reported data by parents on local air pollution sources
relate to respiratory symptoms in children. The second
goal of the study was to estimate the extent to which the
adverse respiratory effects of outdoor air pollution could
be reproduced after correction for allergy in the child and
indoor air quality variables such as environmental tobacco
smoke (ETS), home heating and damp or mouldy houses.

Material and methods

Assessment of outdoor air pollution

A prevalence study was conducted in Krakow, a city
with approximately 700,000 inhabitants in southern Pol-
and. Daily 24 h concentrations of SPM (black smoke) and
SO2 were obtained over the 5-yr period preceding the
health survey (1991–1995) from the city network, incor-
porating 17 air-monitoring stations. Monthly and seasonal
means were calculated for each pollutant by averaging all
available daily values. Subsequently, the spatial distribu-
tion of air pollutants over the city area was reconstructed
using computer modelling from the daily values (fig. 1).
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A three-dimensional perspective picture programme [18]
was employed for computer modelling of the spatial dis-
tribution of air pollutants within the city. In the figure pre-
sented, the numbers along the abscissa and ordinate relate
to coordinates on the city map (1:20,000) and 5 units cor-
respond to a distance of 1 km.

Anderson samplers (type MFC-HVP10; Anderson Ins-
trument, Atlanta, USA) were used for the particle sampl-
ing in which metals were measured. The samplers aspirated
air with a constant flow (1.0 m3·min-1), from which dust
particles of ð10 µm in diameter were separated and depo-

sited on the filter. The content of heavy metals was meas-
ured in the mineralized filters with deposited dust using
the Smith-Hieftje 21/22 spectrophotometer (Thermo Jar-
rel Ash Corporation, Krakow, Poland).

The spatial distribution of SPM and SO2 showed that
the highest levels of air pollutants were observed in the
city centre and the lowest were found in the south-eastern
section of the city. The high pollution area was defined as
the territory within the radius of 0.5 km around each of
tour monitoring stations with the highest measurements,
while the clean area was demarcated on the street map
within a radius of 0.5 km from each of two monitoring
stations with the lowest air pollution level (APL).

In the city centre (highly polluted area), the mean level
of SPM over the 5-yr period for the winter season was
103.5 µg·m-3 and that of SO2 was 86.9 µg·m-3. The corre-
sponding values in the summer season were 32.3 µg·m-3

and 41.8 µg·m-3. Analogously, the levels of air pollutants
both in the winter and summer seasons were about two-
fold lower in the low pollution area. In the latter area, the
average concentration of SPM in the winter season was
45.4 µg·m-3 and SO2 was 48.4 µg·m-3. The corresponding
concentrations of air pollutants in the summer season were
16.6 µg·m-3 and 28.9 µg·m-3. It is important to add that in
the high pollution area of the city defined by classical
urban pollutants (SPM and SO2), heavy metals also oc-
curred in higher concentrations as well (table 1).

Additional information on the outdoor air quality con-
sidered the presence of local additional sources of air po-
llution. This additional information was obtained from
a set of questions put to the parents on traffic density
(whether house is located in a street with very heavy traf-
fic or in the vicinity of bus stops, parking areas or street
crossings) and on industrial low point emissions (whether
the flat is located within 100 m of industrial enterprises or
power plants). In the high pollution area 67.7% parents
reported heavy traffic exposure and 43.7% local industry
exposure, while in the low pollution area 28.8% of parents
confirmed heavy traffic and 7.0% local industry exposure.

Assessment of indoor air quality

For the assessment of indoor air quality, three main var-
iables were considered: ETS, system of home heating (gas
or coal stove versus central heating) and the presence of
dampness or moulds on the walls of the home.

Exposure to ETS was expressed as the presence of at
least one regular cigarette smoker among parents or guar-
dians of the child. The definition of a home with damp and
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Fig. 1.  –  Spatial distribution of: a) suspended particulate matter (SPM);
and b) sulphur dioxide (SO2) in Krakow (1991–1995). Map coordinates:
related to the city map (1:20,000 scale); 5 units correspond to 1 km.

Table 1.  –  Mean annual atmospheric concentrations of suspended particulate matter, sulphur dioxide
and heavy metals within the high and low polluted areas in 1995

Variable Low pollution High pollution
Mean SD Mean SD

Particulate  matter  µg·m-3

Sulphur dioxide  µg·m-3

Zinc  ng·m-3

Copper  ng·m-3

Lead  ng·m-3

Chromium  ng·m-3

Nickel  ng·m-3

Cadmium  ng·m-3

33.2
31.7

271.7
120.4
139.2
11.5
3.6
3.1

35.99
21.93

144.30
86.64
87.76
11.54
1.54
2.06

52.6*
43.9*

365.6*
162.1
343.1*
13.1
5.6*
3.6

53.98
32.69

208.10
84.02

216.68
11.36
3.17
2.93

Data reproduced with permission from "The annual report in air pollution in Krakow in 1995 (Raport o stanie
zanieczyszczenia powietrza w Krakowie k roku 1995)", Monograph published in Krakow, September 1996. *:
p<0.05, significant difference between areas of low and high pollution. 
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mould problems was based on questions regarding moist-
ure stains and/or visible mould growth on the walls within
the household (moisture stains or mould growth >1 m2).

Selection of study subjects

Regarding the spatial air pollution distribution in the
Krakow area, children who lived in and attended eight
schools located in the high pollution area (exposed group)
and children who lived in and attended six schools from
the low pollution area (reference group) were selected for
study. A full list of students from these schools with their
residential addresses was prepared and, consequently, par-
ents of all 1,165 children attending the second form (9 yrs
of age) of the selected schools were contacted. Out of all
parents contacted, 1,129 (97% of those eligible) agreed to
be interviewed on the respiratory health of their children
and household characteristics. All children lived in the
area close to the school and, thus, the children living in the
high pollution area attended the schools in the same area
and vice versa.

Survey procedures

The cross-sectional field health survey was carried out
by trained interviewers from March to June 1995. The
health questionnaire contained questions on respiratory
symptoms recommended by the Epidemiology Standardi-
zation Project and the American Thoracic Society (ATS)
[19, 20]. Information on household characteristics, ETS,
exposure to heavy traffic or industrial low emission sour-
ces located in the residential area, and data on the allergic
status of the children, as diagnosed by a doctor were also
requested from the parents.

The following health respiratory outcomes in the last
12 months were collected by interview: 1) chronic cough
(cough for Š3 consecutive months during the last year); 2)
chronic phlegm (phlegm for Š3 consecutive months dur-
ing the last year); 3) wheezing or whistling in the chest,

separate from or together with respiratory infections or
colds; 4) wheezing with dyspnoea (attacks of wheezing
with a feeling of shortness of breath); 5) breathlessness
(difficulty in breathing); 6) upper respiratory symptoms
(hay fever); and 7) asthma (doctor's diagnosis of asthma).

The allergic status of the child was based on the ques-
tion put to the parents of whether an allergy had ever been
diagnosed in the child by a physician. Parental atopy was
assumed if allergic skin disorders or allergic-related respi-
ratory diseases had ever been diagnosed by a doctor in at
least one of the biological parents.

Statistical analysis

As a first step, univariate descriptive statistics were con-
ducted on the frequency of symptoms by outdoor air pol-
lution categories. In the second stage, multivariate logistic
regression (MLR) analysis was used to calculate the prev-
alence odds ratio (OR) for the symptom variables adjust-
ed for potential confounds when comparing different air
pollution categories [21, 22]. The following variables were
included in the MRL models to assess their confounding
effect: gender, presence of allergy in the child, parental
atopy, parental education, ETS, home heating system and
moulds, or dampness on the interior walls. The confound-
ing variables were initially considered separately and then
they were all included in one MRL model to assess their
joint confounding effects. Descriptive and multivariate
analyses were performed with BMDP statistical software
(BMDP, Cork, Ireland) [23].

Results

The interviews were carried out with 1,129 parents,
mainly mothers (90.2%). No respiratory symptoms were
reported for 646 children. Out of 483 children with re-
ported symptoms, 321 had only one symptom and 162 had
two or more symptoms. In table 2, the 12-month preva-
lence rates (in %) of each respiratory symptom are cross-
tabulated  against outdoor  APL and  by the  local sources of

Table 2.  –  The prevalence of chronic respiratory symptoms related to air pollution level (APL) and presence of local
sources of air pollution reported by parents in the interview

Air pollution Local sources of air pollution
level Heavy traffic Local industry

Variables Low
n=600

High
n=529

No
n=598

Yes
n=531

No
n=856

Yes
n=273

Chronic cough
Chronic phlegm
Breathlessness
Wheezing without 
  respiratory infections
Dyspnoea attacks
Asthma
Hay fever
Allergy
Parental atopy
Moulds/dampness
ETS
Heating (coal/gas)
Parental education
  (middle+high)
Crowding score m2·person-1

   ð10.0
   >10.0

6.7
0.7
9.0
4.8

4.3
1.8

32.0
21.8
28.8
10.3
65.5
2.0

72.5

25.7
74.3

9.3
2.8#

10.8
9.1#

5.5
2.3

37.4+

24.0
31.4
25.3#

64.3
42.7#

74.8

30.4+

69.6+

7.0
1.2
9.4
4.8

3.8
1.7

30.3
19.9
24.1
13.5
69.1
13.5
70.9

29.1
70.9

8.9
2.3

10.4
9.0#

6.0+

2.5
39.4#

26.2*
36.5#

21.7#

60.3#

29.6#

76.6#

26.6
73.4

6.5
1.1
8.6
6.1

4.6
2.0

32.9
20.3
27.0
14.7
66.9
17.8
71.7

27.5
72.5

12.1#

3.7#

13.6*
9.2+

5.9
2.2

39.6*
30.8#

39.4#

25.6#

58.6*
31.5#

79.4*

29.3
70.7

Data presented as percentages. ETS: environmental tobacco smoke. *: p<0.05; +: p<0.1; #: p<0.005.
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Table 3.  –  Prevalence odds ratios (OR) for respiratory health outcomes related to outdoor air quality, accounting for
allergy in children diagnosed by a physician and household environmental factors

LSAP

Variables
APL

OR (95% CI)
Heavy traffic
OR (95% CI)

Local industry
OR (95% CI)

Chronic cough
Outdoor air pollution
Sex of child
Allergy
ETS
Moulds/dampness
Household heating
Crowding score
Parental atopy
Parental education
Chronic phlegm
Outdoor air pollution
Sex of child
Allergy
ETS
Moulds/dampness
Household heating
Crowding score
Parental atopy
Parental education
Breathlessness
Outdoor air pollution
Sex of child
Allergy
ETS
Moulds/dampness
Household heating
Crowding score
Parental atopy
Parental education
Wheezing (without respiratory infections)
Outdoor air pollution
Sex of child
Allergy
ETS
Moulds/dampness
Household heating
Crowding score
Parental atopy
Parental education
Attacks of dyspnoea with wheezing
Outdoor air pollution
Sex of child
Allergy
ETS
Moulds/dampness
Household heating
Crowding score
Parental atopy
Parental education
Asthma diagnosed by physician
Outdoor air pollution
Sex of child
Allergy
ETS
Moulds/dampness
Household heating
Crowding score
Parental atopy
Parental education
Hay fever
Outdoor air pollution
Sex of child
Allergy
ETS
Moulds/dampness
Household heating
Crowding score
Parental atopy
Parental education

1.56+ (0.9–2.7)
0.89 (0.5–1.5)
5.82 (3.6–9.5)*
0.70 (0.4–1.2)
0.86 (0.5–1.7)
1.21 (0.6–2.3)
0.88 (0.5–1.6)
1.09 (0.7–1.8)
1.20 (0.6–2.3)

4.22+ (1.1–16.9)*
0.37 (0.1–1.2)
2.00 (0.7–5.5)
1.07 (0.4–3.3)
1.11 (0.4–3.5)
1.54 (0.5–4.7)
0.70 (0.2–2.1)
0.99 (0.3–2.8)
0.69 (0.2–2.2)

1.43+ (0.9–2.3)
1.05 (0.7–1.6)
4.14 (2.7–6.4)*
1.37 (0.8–2.2)
1.73 (1.0–2.9)*
0.50 (0.3–0.9)*
0.80 (0.5–1.3)
1.31 (0.8–2.1)
0.79 (0.5–1.3)

1.73+ (0.9–3.2)
1.04 (0.6–1.8)
8.54 (4.9–14.8)*
0.76 (0.4–1.3)
1.15 (0.6–2.2)
1.76 (0.9–3.4)
1.42 (0.7–2.8)
1.75 (1.0–3.0)*
0.70 (0.4–1.3)

0.93+ (0.4–1.9)
0.91 (0.5–1.7)

26.00 (11.4–59.5)*
0.87 (0.5–1.7)
0.85 (0.4–1.9)
2.02 (0.9–4.6)
0.98 (0.5–2.1)
1.35 (0.7–2.5)
0.69 (0.3–1.5)

0.70+ (0.2–2.1)
1.24 (0.5–3.1)

38.00 (8.6–168.0)*
0.39 (0.2–1.0)
2.52 (0.9–7.1)
1.85 (0.6–6.3)
1.02 (0.4–3.0)
1.24 (0.5–3.1)
1.11 (0.3–3.8)

1.43+ (1.1–2.0)*
1.14 (0.9–1.5)
3.14 (2.3–4.3)*
0.78 (0.6–1.0)
2.16 (1.5–3.1)*
0.64 (0.4–0.9)*
1.14 (0.8–1.6)
1.38 (1.0–1.9)*
1.09 (0.8–1.5)

1.17‡ (0.7–1.9)
0.89 (0.5–1.5)
5.82 (3.6–9.5)*
0.70 (0.4–1.2)
0.90 (0.5–1.7)
1.48 (0.8–2.6)
0.88 (0.5–1.6)
1.07 (0.6–1.8)
1.20 (0.6–2.3)

2.18‡ (0.7–6.6)
0.37 (0.1–1.2)
1.92 (0.7–5.3)
1.11 (0.4–3.4)
1.15 (0.4–3.7)
2.49 (0.9–7.1)
0.68 (0.2–2.0)
0.96 (0.3–2.8)
0.69 (0.2–2.2)

1.05‡ (0.7–1.6)
1.05 (0.7–1.6)
4.19 (2.7–6.5)*
1.36 (0.8–2.2)
1.79 (1.1–3.0)*
0.60 (0.3–1.1)
0.79 (0.5–1.3)
1.30 (0.8–2.1)
0.81 (0.5–1.3)

1.52‡ (0.9–2.7)
1.03 (0.6–1.8)
8.42 (4.9–14.6)*
0.75 (0.4–1.3)
1.18 (0.6–2.3)
2.12 (1.2–3.8)*
1.40 (0.7–2.7)
1.66 (1.0–2.8)*
0.68 (0.4–1.3)

1.19‡ (0.6–2.3)
0.91 (0.5–1.7)

25.60 (11.2–58.2)*
0.88 (0.5–1.7)
0.83 (0.4–1.8)
1.83 (0.9–3.7)
0.98 (0.5–2.1)
1.32 (0.7–2.5)
0.68 (0.3–1.4)

0.90‡ (0.4–2.3)
1.22 (0.5–3.0)

37.40 (8.4–165.0)*
0.40 (0.2–1.0)
2.38 (0.9–6.5)
1.56 (0.5–4.5)
1.02 (0.4–3.0)
1.27 (0.5–3.1)
1.13 (0.3–3.8)

1.30‡ (1.0–1.7)*
1.12 (0.9–1.5)
3.12 (2.3–4.3)*
0.79 (0.6–1.1)
2.20 (1.5–3.2)*
0.74 (0.5–1.1)
1.13 (0.8–1.6)
1.33 (1.0–1.8)*
1.11 (0.8–1.6)

1.55# (0.9–2.6)
0.87 (0.5–1.4)
5.43 (3.4–9.2)*
0.71 (0.4–1.2)
0.87 (0.5–1.7)
1.43 (0.8–2.5)
0.88 (0.5–1.6)
1.05 (0.6–1.7)
1.17 (0.6–2.2)

4.16# (1.5–11.7)*
0.35 (0.1–1.1)
1.76 (0.6–4.9)
1.11 (0.4–3.5)
1.08 (0.3–3.5)
2.36 (0.8–6.7)
0.70 (0.2–2.1)
0.89 (0.3–2.6)
0.64 (0.2–2.1)

1.41# (0.9–2.3)
1.04 (0.7–1.6)
4.07 (2.6–6.3)*
1.39 (0.9–2.3)
1.74 (1.0–2.9)*
0.58 (0.3-1.0)
0.79 (0.5–1.3)
1.28 (0.8–2.0)
0.78 (0.5–1.3)

1.02# (0.6–1.8)
1.05 (0.6–1.8)
8.64 (5.0–15.0)*
0.75 (0.4–1.3)
1.21 (0.6–2.3)
2.37 (1.3–4.2)*
1.40 (07–2.7)
1.73 (1.0–2.9)*
0.70 (0.4–1.3)

0.84# (0.4–1.7)
0.92 (0.5–1.7)

26.40 (11.5–60.6)*
0.87 (0.5–1.7)
0.86 (0.4–1.9)
2.00 (1.0–4.0)*
0.99 (0.5–2.1)
1.36 (0.7–2.5)
0.70 (0.3–1.5)

0.55# (0.2–1.5)
1.26 (0.5–3.2)

39.60 (9.0–175.0)*
0.39 (0.2–1.0)
2.51 (0.9–6.9)
1.67 (0.6–4.7)
1.05 (0.4–3.1)
1.30 (0.5–3.2)
1.16 (0.3–3.9)

1.04# (0.8–1.4)
1.14 (0.9–1.5)
3.15 (2.3–4.3)*
0.78 (0.6–1.0)
2.24 (1.6–3.2)*
0.79 (0.6–1.1)
1.13 (0.8–1.6)
1.37 (1.0–1.8)*
1.12 (0.8–1.6)

Outdoor air pollution: +: air pollution level (APL) measured by monitoring system; ‡: heavy traffic reported by parents; #: local industry
exposure reported by parents. LSAP: local sources of air pollution; CI: confidence interval; ETS: environmental tobacco smoke. *:
p<0.05, significant difference between groups.
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air pollution (LSAP) reported by the parents. Crude preva-
lence rates of chronic cough, chronic phlegm, wheezing
and hay fever were significantly higher in the more pol-
luted area of the city. There was also a statistically signifi-
cant higher prevalence of chronic cough, chronic phlegm,
wheezing and hay fever in those children who lived in the
streets with self-reported heavy traffic or in the vicinity of
industrial emission sources.

Since the prevalence of respiratory symptoms may not
only be related to residential APL, but may also depend
on the indoor characteristics or the presence of allergy
in children, the MLR analysis performed separately for
each symptom and outdoor air pollution category (APL or
LSAP) included universal confounds (child's sex, crow-
ding index and parental education), indoor air quality var-
iables such as home moulds or dampness, ETS, heating
system (coal stoves or gas heater versus central heating),
parental atopy and allergy in the child.

The comparison of adjusted-effect estimates revealed
that chronic phlegm as a unique symptom was related nei-
ther to allergy nor to indoor variables, but was associated
significantly with the outdoor APL (table 3). The preva-
lence OR for this symptom between the APL in areas of
high and low outdoor air pollution was 4.2 (95% confi-
dence interval (CI): 1.1–16.9) and none of the potential
confounding variables had a major effect on this relation-
ship. The same pattern of relationship was observed for
the self-reported local sources of industrial air pollution
(OR: 4.2; 95% CI: 1.5–11.7). Hay fever appeared to be re-
lated not only to outdoor APL (OR: 1.4; 95% CI: 1.1–
2.0), but also to allergy, moulds or dampness in the house,
household heating and parental atopy. Self-reported heavy
traffic also increased the risk of hay fever (OR: 1.3; 95%
CI: 1.0–1.7). The interaction term (air pollution × allergy)
appeared insignificant in all MRL models.

Neither outdoor nor indoor air variables had an effect
on the occurrence of chronic cough and the symptom was
only associated with allergy. Breathlessness depended on
allergy, the presence of moulds or dampness and the type
of household heating (gas/coal versus central heating).
Wheezing was related only to allergy and parental atopy,
while attacks of dyspnoea with wheezing and asthma diag-
nosed by a physician were only associated with allergy.

The analysis performed on the same set of data when
allergy and parental atopy had been removed from MRL
models showed different results. Chronic cough became
significantly related to APL. Moreover, the effect of out-
door APL on wheezing without respiratory infections also
appeared to be significant (OR: 1.85; 95% CI: 1.03–3.33).
The same has been observed for heavy traffic (OR: 1.93;
95% CI: 1.15–3.25), while the OR estimates for various air
pollution indicators and the prevalence of chronic phlegm,
breathlessness or hay fever were not substantially altered.

Discussion

The data showed a strong association between chronic
phlegm and the level of communal air pollutants in the
children's area of residence. Hay fever was also associated
with APL of SPM and SO2, and this association remained
significant after adjustment for allergy, parental atopy and
household characteristics. Of the LSAP reported by par-
ents, the presence of industrial sources of emission aff-

ected the occurrence of chronic phlegm and the presence
of heavy traffic was associated with hay fever. As most of
the children (80%) from the area with the high level of
pollutants were exposed to heavy traffic or the presence of
local industrial pollution, it was impossible to assess sepa-
rately the contribution of the different sources of air pol-
lutants to the occurrence of respiratory symptoms.

The study results provided further evidence that, besid-
es outdoor APL, allergy is implicated in the occurrence of
respiratory symptoms [24–29]. However, in the present
study it was found that after adjustment for allergy and
indoor air quality, neither wheezing nor asthma was more
prevalent in the areas of the city with the higher level of
communal air pollutants. The analysis performed on the
same set of data when allergy and parental atopy had been
removed from MRL models showed that, besides chronic
cough, wheezing also appeared to be significantly related
to the outdoor APL. The same has been observed for heavy
traffic, but the OR estimates for various air pollution indi-
cators and chronic phlegm, breathlessness or hay fever
were not substantially altered.

These results are in good agreement with the study of
DOCKERY et al. [1], in which an increase in respiratory symp-
toms (cough and bronchitis) across the six cities in USA
was found to be associated with SPM in these communi-
ties. In their study a particularly strong association with
the symptoms was found for particles with a 50% cut-off
aerodynamic diameter of 15 µm, but no associations were
disclosed for asthma, persistent wheeze or hay fever.

In the present study, the increase of respiratory symp-
toms such as chronic phlegm and hay fever was particu-
larly clear in the area with the high level of communal
classic air pollutants (SPM and SO2). However, in this epi-
demiological study it was impossible to demonstrate the
effect of a specific pollutant as both pollutants were pre-
sent at about the same concentration within the highly
polluted area, and higher levels of lead and other heavy
metals also occurred. These latter pollutants originate
mainly from traffic. Therefore, the importance of other
pollutants, such as motor vehicle emissions, in the occur-
rence of respiratory symptoms cannot be excluded [30–
32].

In the analysis of various respiratory health outcomes
possibly related to air pollution, the potential confounding
effect of several variables was evaluated. The education
level of the parents and the crowding index were used as
indicators of the socioeconomic status of the family, but
these variables showed no major confounding effect. Of
the other confounding factors, such as indoor characteris-
tics (moulds or dampness, ETS and type of home heating
system), that could be implicated in the observed associa-
tion between symptoms and air pollution, only the pres-
ence of moulds or dampness or household heating were
significant in some MRL models. Studies carried out in
many countries have reported that living in a damp or
mouldy home is associated with respiratory infections and
other adverse effects, among both children and adults, and
their effect may be even stronger than that of outdoor pol-
lution [33–39]. In the present study, moulds or dampness
was only shown to affect hay fever and breathlessness. In
fact, the effect of this characteristic on hay fever was
stronger than that of outdoor pollution.

The effects of ETS and type of household heating (coal
or gas versus central heating) appeared to be of minor



EFFECTS OF AIR QUALITY ON RESPIRATORY SYMPTOMS 1317

importance for chronic cough, chronic phlegm or wheez-
ing; however, these factors were relevant for breathless-
ness and hay fever. The lack of effect of ETS may result
from the stronger impact of other indoor variables, such
as moulds or dampness, or from the fact that parents are
more likely to quit cigarette smoking if their children are
suffering from chronic respiratory symptoms.

Measures of health outcome and data on the exposure
to indoor air quality and supplemental sources of outdoor
pollution were based on reports by parents, which may be
subject to misclassification. First, information on traffic or
industrial emissions outside the home may not reflect the
actual exposure. However, the risk estimates for chronic
phlegm and hay fever for air pollution categories based on
measurements were similar to those based on self-repor-
ted exposure data. Secondly, parents experiencing atopy-
related respiratory diseases may have different perceptions
of the possible unhealthy effects of air pollutant emis-
sions, which could result in preferential reporting of expo-
sure among their children, especially in those who have
respiratory symptoms. Although bias due to parental atopy
cannot be disproved easily, the observed association bet-
ween air pollutants and respiratory symptoms adjusted for
parental atopy to some extent protects against this type of
bias.

Another weakness of this study may result from the
cross-sectional approach used in collecting the data,
however, many of the exposure variables refer not only to
present but also to past experience (air pollution measure-
ments over a 5-yr period) and the frequency of respiratory
symptoms refers to the 12-month period preceding the
survey. Finally, another point limiting the strength of this
paper is the definition of allergy, which was based on par-
ents' reports. It was not made clear whether subjects were
sensitive to indoor or outdoor allergens. This limits the
possibility of interpreting the data in aetiological terms.
Misclassification errors, mainly underestimation of the pre-
valence of allergy across the exposure areas, could distort
the estimated risk, but only if they were differential in
nature. However, adjustment of risk estimates to the wide
range of socioeconomic and environmental characteristics
of the children largely limits the effect of this source of bias.

In conclusion, this study indicates that the prevalence of
chronic respiratory symptoms among preadolescent chil-
dren is related to a rather small extent to outdoor pollutants
when the effect of allergy is considered simultaneously in
the analysis. Since the effect of outdoor pollutants, parti-
cularly on wheezing and chronic cough, was shown to be
significant only in the subsample of children without
allergy and parental atopy, it may be postulated that either
allergy is predisposing to respiratory reactions or outdoor
air pollution is coinvolved in an allergization process.
Consequently, allergy should be considered as an impor-
tant confound in measuring the effect of air pollutants.
Amongst the indoor sources of air pollution, only the pre-
sence of gas heating, coal stoves and moulds or dampness
in the households pose an increased risk for respiratory
symptoms.
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