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ABSTRACT

Introduction: Asthma is a chronic respiratory disease which may be associated with environmental factors. In ad-
dition to allergens, other factors such as those related to air quality could be associated with worsening of symptoms.
Aim: This study aimed to evaluate the effect of individual exposure to air pollutants on lung function in a group of chil-
dren with a previous history of wheezing, also taking house dust mite exposure into account. Methods: A group of 51
children with a prior history of wheezing was selected through the ISAAC questionnaire.They were followed prospec-
tively by means of standardised medical evaluations that included spirometry, dust-mite-exposure assessment and calcu-
lation of individual exposure to a wide range of air pollutants: PM, ;, O,, NO,, benzene, toluene, xylene, ethylbenzene and
formaldehyde. Results: There were a great number of mattresses with a medium or high degree of mite infestation. In
general, except for PM, ,, air pollutant exposure did not reach high levels. In the multivariate analysis, pollutants including
PM,,,NO,,benzene, toluene and ethylbenzene plus dust mite exposure were associated with lung function deterioration.
Conclusion: This study reinforces the importance of air pollution exposure in wheezing children. This exposure, simi-

larly to that to dust mites, seems to have an impact on the airways.

Keywords: Air pollution, asthma, house dust mites, spirometry,VOCs.

RESUMO

Introducdo: A asma é uma doenga respiratéria cronica, cujo agravamento pode estar associado a factores
ambientais, entre os quais os relacionados com a qualidade do ar. Objectivo: O presente trabalho pretendeu
avaliar o efeito da exposicdo individual a poluentes atmosféricos em termos de fungao respiratéria, num grupo de
criangas com histoéria de sibilancia, entrando em consideragao com o grau de infestagao de acaros do pé domés-
tico. Métodos: Um grupo de 51 criangas com historia de sibilancia, seleccionadas através do questionario do
estudo ISAAC, foi acompanhado prospectivamente num estudo com medidas repetidas, que envolveu avaliagoes
médicas padronizadas que incluiram a realizagdo de espirometria, avaliagdo da exposi¢do aos acaros do po e cal-
culo do valor de exposicao individual a uma variedade de poluentes do ar: PM,, O, NO,, benzeno, tolueno, xile-
no, etilbenzeno e formaldeido. Resultados: Observou-se uma elevada percentagem de colchées com um grau de
infestacdo de dcaros médio ou elevado. Com excepgao dos valores de PM,, os valores de exposicao aos poluen-
tes do ar nao alcangaram valores elevados. Na andlise multivariavel, tanto os poluentes (designadamente PM,,
NO,, benzeno, tolueno e etilbenzeno) como o grau de infestagdo de acaros do pd associaram-se a deterioragao
da fungao pulmonar. Conclusao: O presente trabalho vem reforgar o interesse da exposi¢do aos poluentes do
ar em criangas com histéria de sibilancia, que a semelhanga do que acontece com os acaros do pé influenciam as

vias aéreas.

Palavras-chave: Acaros do p6, asma, COVs, espirometria, poluigao do ar.
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INTRODUCTION

Asthma is a chronic inflammatory respiratory disease
clinically hallmarked by recurrent episodes of cough,
wheezing and dyspnoea. For several decades now the
theory that environmental factors such as air quality may
contribute to worsening of symptoms has been studied.

The vast majority of asthma cases, particularly in
children, are described as allergic asthma'. In these cas-
es there is a sensitisation to aeroallergens which could
be associated with a worsening of symptoms'. House
dust mites are the prime source of aeroallergen sensi-
tisation in western countries and are mainly found in
indoor environments?.

The relationship between exposure to the allergen and
worsening of asthma symptoms has been accepted over
the last few decades by the medical community and the
population at large and constitutes a proven justification
for the worsening of respiratory symptoms23, In addition
to aeroallergens, however, other environmental factors
became associated with worsening of respiratory disease.
A raft of studies* has shown that environmental pollution
can lead to worsened asthma symptoms.The air we breathe
contains a variety of environmental pollutants coming from
both natural® and anthropogenic sources®, arising from
industry,home, or car exhaust emissions.These pollutants,
traditionally considered an environmental problem, are
becoming increasingly seen as a public health problem
causing increased human mortality and morbidity’.

In addition, indoor air quality in terms of pollutants
has been associated with respiratory complaints in both
studies into the workplace and those assessing home
environments®.

Indoor environments have undergone huge changes
over the last few decades. A vast range of new materials

has been introduced in the forms of furniture, paints, var-

nishes and cleaning products,and a growing trend towards
less ventilation of indoor spaces in attempts to conserve
buildings’ energy efficiency has been seen.These changes
in ventilation were born of changes both in building con-
struction and their inhabitants’ habits. There is acknowl-
edgment in the scientific community of the deleterious
effects of environmental pollution’, recognised by the
World Health Organization*. Despite that, there is not as
yet an adequate transposition of these worries, princi-
pally those to do with indoor air quality, to the population
at large.

Our group concluded'®!" that individual exposure to
air pollution impacts on the airways of children with a
history of wheezing.This study seeks to assess if the effect
of individual exposure to air pollutants on respiratory func-
tion persists, also taking house dust mite exposure into

account.

MATERIAL AND METHODS

The methodology used was developed as part of the
Saud’Ar Project: Health is the air which we breathe. It is a
prospective panel study which was performed in Viseu,
Portugal. Viseu is a non-industrial city of approx. 50,000
inhabitants situated in the northern midlands.The city was
chosen as the site of the study as this is an emerging city
with a young population compared to other Portuguese

cities.

Medical assessment protocol

The Project’s methodology was drawn up'®!'. Once
approved by the Ethics Committee of the Hospital de Sao
Teotodnio, the study was launched, involving using the
ISAAC — International Study of Asthma and Allergies in

Childhood — questionnaire. This was given out in Decem-
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ber 2005 to all children of four primary schools in Viseu,
aiming to identify children with a history of wheezing in
the last 12 months. Children's parents/guardians filled in
the questionnaire.The schools chosen were selected be-
cause of their capacity and location.The two largest schools
in the city centre were selected (urban schools) and the
two largest beyond the Viseu ring road (suburban
schools).

Parents gave their informed written consent and then
it was suggested to parents of children with a history of
wheezing for their children to take part in the study.The
study was composed of four visits as follows: January 2006
(Visit I),June 2006 (Visit 2),January 2007 (Visit 3) and June
2007 (Visit 4).All children taking part were assessed in the
same week of the month at the Pulmonology Unit of the
Hospital de Sao Teotonio. Exclusion criteria were any neu-
romuscular or psychiatric diseases, or any other lung dis-
ease which was not asthma.

At every visit, children underwent a clinical evaluation
followed by same-day spirometry with bronchial challenge
test.

Sensitivity to aeroallergens was evaluated on first and
last visit using skin prick tests. Skin tests (Leti®, Madrid,
Spain) were carried out withthe following extracts: positive
control (histamine 10mg/ml), negative control (phenolated
solution), Dermatophagoides pteronyssinus, Dermatophagoi-
des farinae, dog dander, cat dander, German cockroach,
alternaria, grass pollen mix, olive tree pollen, parietaria,
cypress tree pollen, birch tree pollen and oak tree pollen.
Extracts were introduced into the skin using disposable
lancets (Stallerpoint®, Stallergenes, Paris, France). A wheal
with redness with mean diameter over 3mm was consid-
ered positive.

Guided by the medical team, the suggestion to assess
the degree of infestation of house dust mites in the chil-

dren’s mattresses was put to parents/guardians.

Spirometry with bronchial challenge test

This exam was performed in line with American
Thoracic Society and European Respiratory Society
guidelines'2.The spirometrer was aVitalograph® Com-
pact (Buckingham, UK). Spirometry was performed
prior to and |5 minutes after administration of bron-
chodilator (200ug of salbutamol). The results were
expressed in percentage of the expected score in line
with the Polgar reference equations'3. For the final
analysis we considered as variables FEV | (forced expi-
ratory volume in one second), FEV,/FVC (forced vital
capacity) ratio, FEF, .., (forced expiratory flow oc-
curring in the middle 50% of the patient’s exhaled vol-
ume) and A FEV, (FEV, variation after administration

of bronchodilator).

Assessment of exposure to house dust mites
Allergenic exposure was measured using dust sam-
ples collected in line with standard aspiration criteria
in a Im? area for two minutes'*. Samples from the mat-
tresses of children taking part were selected as these
were felt to be the most representative sources of al-
lergens'>. Then a semiquantitative dose of guanine was
used, the Acarex Test® (Allergopharma, Reinbek, Ger-
many).The colorimetric scale results were divided into
4 classes: no infestation, light infestation, medium in-
festation and heavy infestation. The Acarex Test® cor-
related with monoclonal antibody measurement'é. Mea-
surements of 2ug of Der p | per gram of dust (risk
factor for sensitisation) corresponded to class | of the
guanine test'”. Measurements of |0ug of Der p | per
gram of dust (risk factor for worsening of asthma symp-
toms) corresponded to class 3 of the guanine test'”.The
dust samples were collected by an environmental tech-
nician duringVisits |, 3 and 4. No evaluations were made

during Visit 2.
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Protocol for evaluating the environmental
pollutants

Measurements were made by the Department of Land
Planning, Universidade de Aveiro.In sum, this involved assess-
ing air quality, modelling the air quality and calculating indi-
vidual exposure using the methodology already described'®'!.
Each child’s daily activity profile (time-activity profile) was
taken into account when calculating individual exposure to
air pollutants.This allowed various microenviroenments fre-
quented by the children and the time spent in each over a
Monday-Friday school week to be identified. Evaluation of
air quality in each microenvironment identified was carried
out using an approach involving field measurements and
modelling the air quality to map the areas in which it was
not possible to perform measurements.The microenviron-
ments studied were the children’s homes and schools.

The pollutants to which individual exposure was cal-
O3, NOZ‘ BTEX (benzene, toluene,
xylene, ethylbenzene) and formaldehyde.BTEX and form-

culated were PM 1o°

aldehyde are volatile organic compounds (VOC:s).

Statistical analysis

An exploratory analysis of variables of interest was
initially undertaken. The variables considered of interest
were the spirometry parameters FEV , FEV /FVC ratio,
FEF, ;5o and AFEV.

We used regression models which consider the struc-
ture of dependence existing between the measurements
gleaned over time (longitudinal data models) to evaluate
repeated measurements. These models’ parameters were
estimated using the Generalized Estimating Equations, GEE,
as an (exchangeable) uniform working correlation matrix.

We first performed a univariate analysis to identify which
variables in themselves were associated with each one of the
answer variables. In addition to the pollutants and the degree

of house dust mite exposure, the different independent vari-

ables evaluated were age, sex, height, weight, parental smoking
history, parental level of schooling, aeroallergen sensitisation,
number of visit, mean temperature, mean humidity relative to
day of medical visit,any older siblings,mould or humidity in the
home, and any fireplace or pets (cats and dogs) in the home.

The multivariate analysis studied the effect of the pol-
lutant and the degree of exposure to the mites as well as
other independent variables which were associated in the
univariate analysis with the respective dependent (assum-
ing solely for this effect p < 0.15).Age, sex and height were
not part of the multivariable analysis relative to FEV, and
FEF,; ;5o as these answer variables were already part of
these parameters. Consequently, the final models included
in addition to pollutants and mite exposure were:

—Model with FEV | as a variable answer adjusted to the
Visit, parental schooling level and any fungus/humid-
ity in the home;

— Model with FEV /FVC as a variable answer adjusted
to theVisit,any fungus/humidity in the home,and any
fireplace in the home;

— Model with FEF, .., as a variable answer adjusted
to the Visit, any older siblings, any mould or humid-
ity in the home, and any fireplace in the home;

— Model with AFEV, % as a variable answer adjusted to
the Visit, age, parental schooling level, any mould or
humidity in the home, and any fireplace in the home.

It is highlighted that these models considered only the
data relating to Visits |, 3 and 4, as the degree of mite
exposure was not measured during Visit 2.

The regression coefficients and their respective 95%
confidence intervals were calculated for an increase in
exposure of 10 ug.m=.week of air pollutant.

The level of significance was set at 0.05. However, p
values over 0.05 and under 0.1 were seen.We used the
Stata (StataCorp LPTexas, USA) program for Windows for

data treatment.
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RESULTS

Six hundred and forty-five of the 806 ISAAC study ques-
tionnaires given out to children at the participating schools
were returned (80%). Of these, 77 (11.7%) complained of
wheezing in the 12 months prior to receiving the question-
naire.Via a first phone call, 54 parents /guardians of children
with wheezing showed interest in their children taking part
in the study. This study took repeated measurements, and
the final analysis only dealt with 51 children who partici-
pated in all stages. Table | describes the sample at study
start.The majority of children were male (55%), with mean
age at study start 7.3 * |.| years old. Twenty-seven (53%)
were sensitised to aeroallergens. The most common sen-
sitisation found in the skin prick tests were to house dust
mites (21 children) and grass pollens (I8 children). The
majority of children had no change in their lung function
exam throughout the study (Table II).

The descriptive analysis of the degree of infestation
found on the children’s mattresses at each visit is shown
inTable Ill.There was a total number of |31 measurements.
It is highlighted that a high number of mattresses at each
visit had a medium to high degree of infestation of mites.
Table IV shows the individual exposure to pollutants at
Visits |, 3 and 4. The majority of exposure was low, with
the exception of PM,; values.

As expected, multivariate analysis showed that the

rising level of dust mite exposure negatively corre-

Table I. Description of the sample

Total

Total 51 (100%)
Sex

Male 28 (54,9%)

Female 23 (45,1%)
Age in years

Total (meanSD) 7,3%1,1
Parental education level

Primary or Secondary 23 (45,1%)

Complementary or University 28 (54,9%)

Sensitisation to aeroallergens

No 24 (47%)

Yes 27 (53%)
Parental smoking

No 41 (80,4%)

Yes 10 (19,6%)
Older siblings

No 22 (43%)

Yes 29 (57%)
Mould or humidity at home

No 45 (88%)

Yes 6 (12%)
Pets

No 31 (61%)

Yes 20 (39%)
Fireplace at home

No 23 (45%)

Yes 28 (55%)

lated with spirometry parameters, namely FEV,/FVC
(-1.35; CI 95%: -2.37 to -0.33; p = 0.009), FEF, ..,
(-2.14; Cl 95%: -4.98 to -0.70; p = 0.023) and A FEV,

Table Il. Descriptive analysis of the answer variables (spirometry parameters). Results given as median [percentile 25 — per-

centile 75]
Visit | Visit 2 Visit 3 Visit 4
Spirometry
FEV,% 102 [85,5-110] 99,5 [90,8-110] 95 [86-103] 96 [86,5-105]
FEV,/FVC 0,78 [0,73-0,84] 0,80 [0,75-0,85] 0,79[0,74-0,83] 0,80 [0,76-0,84]
FEF 5 75o 79,5 [61-105] 83 [63-108] 76 [63-95] 77 [64-101]
AFEV, % 7 [3-14,5] 6 [3-13] 7,5 [5-13] 7[3-11]
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Table I1l. The degree of dust mite infestation of children’s mattres-
ses. Number of mattresses given for each visit and for each degree

of infestation.

(1.19; CI 95%: 0.03 to 2.36; p = 0.044). FEV, had a

negative correlation coefficient, but this did not reach

statistical significance (-1.29; Cl 95%: -2.28 to -0.69; p
Visit | | Visit3 | Visit 4
= 0.202).
Degree of infestation (n)

Not measured 9 5 8 Models for each variable answer were created, bearing
No infestation 4 10 12 in mind these and other prior results'®!" which found an
Light infestation 13 10 Il
Medium infestation 9 13 9 association between deteriorated lung function and indi-
High infestation 16 3 L vidual exposure to PM,;, NO,, benzene, toluene, xylene

Table IV. Children’s total exposure to the various air pollutants (ug.m-3. week) Results given as median [minimum — maximum] for

each visit

Exposure to:
PM,,

3

NO,

Benzene
Toluene
Xylene
Ethylbenzene
Formaldehyde

Visit | Visit 2 Visit 3 Visit 4
66,3 [23,8 2 67,8] 40,0 [38 2 41,8] 66,0 [61,5 2 70,3] 37,8 [37,1 248,1]
184 [11,5225,1] 26,0 [24,9 2 35,1] 35,9 [35,5 a 36,0] 44,5 [44,2 2 44,9]
8,1 [5,0 2 8,6] 63 [5.827,5] 18,3 [16,9 2 20,4] 15,4 [14,0 a17,7]
2,1 [1,2225,7] 0,8 [0,5-3,5] 9,3 [3,6 2 39,2] 1,3[0,7 a 13,9]
19,6 [3,3291,7] 10,7 [3,8-90,9] 2591032 108,1] 10,7 [3,8 2 33,5]
74222 111,8] 52 [2,4-26,2] 4,9 2.1 2 185,6] 10,8 [2,5 2 78,2]
1,8 [0,6 a 33,5] 1,4 [0,7-5,2] 17,4 [7,6 2 60,6] 280,82 16,0]
11,0 [5,2 2 28,9] 14,2 [6,1-29,1] 11,9 [2,9 229,5] 9,4 [2,3230,1]

Table V. Multivariate analysis — association between exposure to air pollutants and spirometry variables adjusted for the degree of
exposure to dust mites (regression coefficient, Cl 95%, p value)

FEV,% FEV,/FVC FEF,; e, AFEV, %
PM -1,83 (-3,38 2 -0,28) -0,83 (-1,72 2 0,06) -0,94 (-2,53 a 0,66) 1,07 (0,20 a 1,94)
10 p=0,021 p=0,066* p=0,236* p=0,016
o -5,81 (-12,95 a 8,52) -1,64 (-8,83 a 5,56) -0,92 (-3,00a 1,18) -0.23 (-1,51 a 1,03)
3 p=0,320 p=0,873* p=0,235* 0,475
NO 7,39 (12,96 2 -1,82) -3,64 (-6,82 a -0,46) -6,01 (-10,94 2 -1,09) 2,44 (-0,39 a 5,28)
2 p=0,009 p=0,025* p=0,017* p=0,092
Benzenc -523 (-8,01 a -2,45) -2,04 (-3,62 2 -0,47) -7,15 (-11,20 a -3,09) 3,19 (1,2525,13)
p<0,001 p=0,011* p=0,001* p=0,001
Toluen -0,90 (-1,87 2 0,07) -0,24 (-0,74 a 0,25) -0,79 (-2,15 a 0,66) 0,74 (0,16 a 1,32)
oluene p=0,068 p=0,357* p=0,157* p=0,012
Xylene -0,16 (-1,09 2 0,78) 0,09 (-0,47 a 0,49) -0,22 (-1,57 a 1,14) -0,36 (-0,98 2 0,27)
Y p=0,500 p=0,644* p=0,725 p=0,295
-1,90 (-3,43 2 -0,38) -0,58 (-1,43 2 0,27) -2,69 (-4,86 2 -0,52) 1,31 (0,21 2 2,42)
Ethylbenzene p=0,014 p=0,277* p=0,015* p=0,020
-3,37 (-7,78 a 1,04) -0,02 (-2,12 a 2,08) -1,64 (-7,80 2 4,51) 1,50 (-0,76 a 3,77)
Formaldehyde p=0,175 p=0,467* p=0,297* p=0,198

Cl 95%: confidence interval 95%; *: variable relative to the degree of exposure to dust mites still has statistical significance when in-
cluded in the model. Regression coefficient (Cl 95%) represents the mean change in spirometry variables for an increase of 10 pg.m-

3.week of pollutant
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and ethylbenzene.The aim was to evaluate the joint effect
of exposure to pollutants and degree of exposure to
mites.

Table V shows the correlation coefficients resulting
from the multivariate analysis, which include the effect of
the pollutants and the degree of exposure to dust mites.
It shows that the mean individual increase in exposure to
PM,, in the weeks studied tended to be linked to the
deterioration in lung function: a drop in FEV, (-1.83; CI
95%: -3.38 to -0.28), FEV,/FVC (-0.83; Cl 95%: -1.72 to
0.06) and a rise in AFEV, (1.07; Cl 95%:0.20 to 1.94).As-
sociations between increased exposure to NO, and a drop
in FEV, (-7.39; CI 95%: -12.96 to -1.82), FEV|/FVC (-3.64;
Cl 95%:-6.82 to -0.46), FEF,; ;¢ ,, (-6.01; Cl 95%:-10.94 to
-1.09), were also seen, as was an increase in AFEV, (2.44;
Cl 95%: -0.39 to 5.28). After adjustment, no association
with ozone was seen.

Benzene, toluene and ethylbenzene were the VOCs
with significant associations (Table V) between the rise
in exposure to pollutants and changes in the airways,
being the three of them related to deterioration in lung
function. For benzene we found a significant decrease
in FEV, (-5.23;C1 95%:-8.01 to -2.45), FEV /FVC (-2.04;
Cl195%:-3.62 to -0.47), FEF25-75% (-7.15;CI1 95%:-11.20
to -3.09),and a rise in AFEV | (3.19;C195%:1.25 to 5.13).
Toluene was associated with a drop in FEV, (-0.90; CI
95%: -1.87 to 0.07) and an increase in AFEV, (0.74; CI
95%:0.16 to 1.32). For ethylbenzene we saw a drop in
FEV, (-1.90; Cl 95%: -3.43 to -0.38), FEF, .., (-2.69; Cl
95%: -4.86 to -0.52) and a rise in AFEV, (1.31; Cl 95%:
0.21 to 3.77).

We further highlight that the effect of the degree of
exposure to dust mites was significant in all the models
for FEV,/FVC and FEF,; ;. as Table V shows. Figure | is
a graph showing the effect of the degree of exposure to

dust mites on the FEV /FVC ratio. The regression coeffi-

Mites isolation A —a—
Mites (+PM,,)
Mites (+O,) 1
Mites (+NO,) 1 &
Mites (+Benzene) —————
Mites (+Toluene) 4 ——————
Mites (+Xylene) b e
Mites (+Ethylbenzene) ey
Mites (+Formaldehyde) —————
7 6 5 4 3 2 - 0 |
FEV,/FVC

Figure |. Regression coefficient (RC) and respective 95% con-
fidence intervals relative to the effect of degree of exposure to
dust mites on FEVI/FVC ratio. Presented are RC adjusted for
the different pollutants (+ Pollutant) and RC for the univariate
analysis of the mite exposure variable (isolation). Coefficients are
interpreted as percentual changes in FEVI/FVC, by increase of
class of exposure.The dotted line seen equals a lack of associa-
tion.An RC to the left of this line shows the existence of asso-
ciation with decreased FEV I/FVC ratio while a result to the right
of the line shows existence of association with an increase in
FEVI/FVC ratio.

cients resulting from the univariate analysis and the mul-
tivariate analyses are presented,including the effect of the

pollutants.

DISCUSSION

This study seeks to evaluate the effects of air pollution
on the airways of children with wheezing also taking house
dust mite exposure via the children’s mattresses into ac-
count.To do so we selected a population of children with
a history of wheezing, using an ISAAC study questionnaire,
presuming this group would be more susceptible'® to the

effects of air pollution and house dust mites.
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We found that a high number of mattresses of the par-
ticipants had a medium to high degree of infestation of dust
mites at each visit. We further found that increasing expo-
sure to dust mites was, as expected'?, associated in a uni-
varate analysis to a deteriorated lung function, namely the
FEV /FVC ratio and FEF,. .., and an increased bronchodi-
lator response.This association reinforces the role of dust
mites in the worsening of bronchial obstruction and its role
in airway bronchomotor tone.

As dust mites are an important environmental factor in
the worsening of respiratory disease, it is important to bear
this factor in mind when assessing the role of environmen-
tal pollutants. It was this we sought to do, finding that ex-
posure to both pollutants and dust mites was significant in
the final model which included these variables. The results
suggest that both types of exposure are important in a child
with a history of wheezing.

The combined evaluation of the effects of air pollutants
and allergens is well-known2%-22, but has not been pondered.
Nielsen et al.s2 review concluded that the possible adjuvant
effect of chemical and non-chemical exposure (with aller-
gens the latter) on indoor air had little scientific support.

The majority of published studies on the impact of
pollution on the airways have centred on a reduced
number of pollutants, usually measured in outdoor air.
Many of these studies started from the presupposition
that the concentration of a pollutant in a determined
site corresponded to the value of the exposure of that
pollutant. Equally so, it is assumed that all the population
close to the measurement point will have identical lev-
els of exposure. We further add that given the great
amount of time our children spend indoors, concentra-
tions of pollutants measured in outdoor air do not re-
flect the real exposure to pollutants. This is particu-
larly true of pollutants whose source of emission is

found indoors.

Outdoor air quality has received special attention for
many years, with legislation created to regulate the max-
imum limits of concentrations of classic pollutants, such
as PM,,, ozone, NO,, SO, and CO.When directing atten-
tion to indoor air quality, it is noticed that a high percent-
age of our time is spent indoors.VOCs are the more
characteristic indoor air pollutants. Indoor air VOC con-
centrations can be 5-20 times higher than those found in
outdoor air®,

There are only a few Portuguese studies into indoor
air pollution. The Habit’Ar?* study into various pollut-
ants in 557 homes on the Portuguese mainland found
the indoor air quality was deficient in 60% of homes.
Significant associations with the health parameters stud-
ied when the pollutants are assessed individually have
not yet been reached. A further Portuguese study per-
formed in Oporto schools?® found increased CO, and
VOC:s in indoor air were associated with respiratory
disease.

We further mention an ecological study carried out
in Lisbon2® which found associations between levels of
particles measured in indoor air and visits to the A&E
at Hospital de Dona Estefania due to respiratory com-
plaints. Overall, the published studies, and all published
studies for VOCs, allow us to affirm that all studies treat
exposure to air pollution in sectors: outdoor and in-
door air.An asset of our study is that the associations
reached are the result of a strategy of calculating ex-
posure which involves the most important indoor en-
vironments frequented by the children but also mea-
surements of outdoor air associated to techniques of
modelling air quality.

We decided to perform a prospective study with re-
peated measurements using standardised medical evalua-
tions, evaluations of exposure to different pollutants and

also the degree of exposure to house dust mites.We found
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that exposure to atmospheric pollutants has an important
effect on the airways, even after adjusting for the degree
of exposure to dust mites. This effect was marked for
various pollutants studied, but the effect of VOCs stood
out due to their original character:even at low concentra-
tions these were associated with a worsening of the air-
ways in a group of susceptible children.With the exception
of tobacco smoke, indoor air pollution has not been ap-
proached in a systematic way.

Indoor environments have the greater concentrations

of dust mites!'52!27

of the main respiratory allergens.
House dust mites, namely Dermatophagoides pteronyssinus,
Dermatophagoides farinae and Lepidoglyphus destructor, are
believed capable of triggering asthma complaints in allergic
patients>?8, Measurements of 10ug of Der p | per gram
of dust come under class 3 of the Acarex Test®, corre-
sponding to a concentration of allergen capable of induc-
ing complaints?>3%,While the results of the guanine quan-
tification tests are not as precise as those obtained using

quantification methods via monoclonal antibodies, it is a

form of measurement which has been found valid'é3!.

CONCLUSION

Our study reinforces interest in air pollutants, mainly
those associated with indoor environments, frequently
forgotten and which could explain worsening in a child
with wheezing. Children are frequently exposed to VOCs
in several school activities or even at home, while working
with glues, paints, plasticine or varnishes. Exposure to these
pollutants, similarly to that seen in exposure to dust mites,
seems to have an impact on the airways of children with
wheezing. The effect of pollutants on the airways persists,
even when taken into consideration the degree of expo-

sure to house dust mites.
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