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Abstract

Infant mortality due to respiratory disease is a major cause of concern for global health. The prevalence of asthma and oth-
er respiratory diseases in early childhood is still high, overburdening health care services and systems. Housing conditions
where early infancy is spent has been associated with the incidence of respiratory diseases. The aim of this study was to
investigate the possible association between housing characteristics and the occurrence of wheezing episodes in children
under 36 months of age. A cross-sectional study was performed on a sample of children under 36 months of age in Arco
Ribeirinho region. 131 participants were selected through the children consultation services. Most lived in apartments in
an urban setting. There was no association between wheezing and the type of housing (house vs. apartment) nor with the
area (urban vs. rural). However, it was found that room area has an influence on the occurrence of wheezing episodes:
smaller rooms tend to present babies with more incidences of episodes. In future investigations, it will be important to
explore the causes of this association, namely the contribution that some indoor air pollutants may have to wheezing and
respiratory disease in infants.
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Resumo

A prevaléncia de doencas respiratorias na primeira infancia ¢ ainda elevada, sobrecarregando os servigos e sistemas
de saude. As condi¢oes da habitagdo onde se vive a primeira infancia tém sido associadas a incidéncia das doengas
respiratorias. O objetivo deste estudo foi averiguar a possivel associagdo entre caracteristicas das habitagdes com a
ocorréncia de episodios de sibilancia em criangas com menos de 36 meses de idade. Foi desenhado um estudo transversal
numa amostra de bebés na regido do Arco Ribeirinho. Foram selecionados 131 participantes através da consulta de
Saude infantil. A maioria vivia em apartamentos num ambiente urbano. Nao se verificou qualquer associagdo entre
sibilancia e o tipo de habitacao (casa vs. apartamento) nem com a zona (urbana vs. rural). No entanto, verificou-se que a
area do quarto tem influéncia na ocorréncia de episodios de sibilancia: quartos mais pequenos tém tendéncia a apresentar
bebés com mais incidéncia de episddios. Em futuras investigacdes, sera importante averiguar as causas desta associacao,
nomeadamente o contributo que alguns poluentes do ar interior podem ter para o surgimento de sibilancia e doenga
respiratoria em bebés.
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Introdution

Prevalence of respiratory disease in early childhood is
a major cause of concern for global health (1). It is es-
timated that every year more than 900 million children
under 5 years of age die of pneumonia worldwide and
at least 3 million die due to environment-related dis-
eases (1,2).

The prevalence of wheezing, a symptom associated
with asthma in small children, has also been rising
around the globe, influencing quality of life and impact-
ing health system costs (3). Wheezing is identified as a
non-specific respiratory signal, audible with or without
a stethoscope (4). Due to its association with respiratory
disease, wheezing is usually used as a proxy outcome to
study the effect of exposure to air pollutants and living
conditions on the incidence of respiratory diseases (5).
The reasons for this prevalence are complex and in-
volve an intricate interaction of several factors, such
as living conditions, housing quality, or indoor air pol-
lutants exposure (6,7). From location, basic structure
and quality of materials, housing is one of the most rel-
evant social determinants of health affecting newborns’
health status (8). As babies spend most of their time
indoors, indoor air quality (IAQ) has received some
attention from researchers (9). Among several factors
influencing IAQ, tobacco smoke as well as other house-
hold chemical compounds have been associated with
respiratory disease prevalence in infants (6). Moreover,
the presence of moulds and dampness is also associated
with respiratory disease (10).

The scarce evidence about the effect of housing con-
ditions on the respiratory health of newborns in high-
income countries, shows that people with lower stand-
ards of living are more affected (11). Until now, studies
about the effect of indoor air pollutants on children’s
respiratory health in Portugal have been focused on
school-aged children and school environments (12).
Thus, it is important to assess how housing conditions
may influence the incidence of respiratory disease in
newborns. Considering this, the aim of this study was to
assess the association between several housing charac-
teristics and the presence of wheezing in children under
36 months of age.
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Introducao

A prevaléncia de doengas respiratorias na primeira in-
fancia tem sido uma das principais preocupagdes para a
Sauade global (1). Em todo o mundo, estima-se que mais
de 900 milhdes de criangas com menos de 5 anos mor-
ram de pneumonia e que pelo menos 3 milhdes morram
por doengas relacionadas com o meio ambiente num s
ano(1,2).

A prevaléncia de sibilancia, um sintoma associado a
asma em criangas, também tem aumentado em todo o
mundo, influenciando a qualidade de vida e contribuin-
do para o aumento dos custos dos sistemas de satude (3).
A Sibilancia ¢ identificada como um sinal respiratorio
ndo especifico, audivel com ou sem estetoscopio. De
forma corrente, utilizam-se termos como “apito no pei-
to” ou “pieira” (4). Devido a sua associagdo com doen-
¢a respiratoria, a sibilancia é geralmente usada como
um sinal para auxiliar o estudo do efeito da exposicao
a poluentes do ar e condi¢des de vida na incidéncia de
doengas respiratorias (5).

As razodes para esta alta prevaléncia sdo complexas e
envolvem uma intrincada interagdao de varios fatores,
como condi¢des de vida, qualidade da habitacdo ou ex-
posicdo a poluentes do ar em ambientes fechados(6,7).
Desde a localizagdo, a estrutura basica e qualidade dos
materiais, a habitacdo é um dos determinantes sociais
de satide mais relevantes para o estado de saude dos
recém-nascidos (8). Como os bebés passam a maior
parte do tempo dentro de casa, a qualidade do ar interior
(QAI) tem recebido alguma atencdo dos investigadores
(9). Entre varios fatores que influenciam a QAI, o fumo
do tabaco e outros compostos quimicos utilizados na
habitagdo tém sido associados a prevaléncia de doen-
cas respiratdrias em bebés (6). Além disso, a presenca
de fungos e humidade também esta associada a doenca
respiratoria (10).

A pouca evidéncia existente sobre o efeito das condi-
¢Oes da habitagdo na saude respiratoria de recém-nas-
cidos em paises de altos rendimentos, aponta para uma
associacdo com a pobreza e¢ baixa qualidade de habi-
tagdo (11). Até agora, os estudos sobre o efeito de po-
luentes do ar interior na satde respiratoria de criangas
em Portugal tém sido focados no efeito das condigdes
ambientais das escolas (12)Portugal. In a case-control
study (30 case children with asthma and 38 controls.
Assim, ¢ relevante avaliar como as caracteristicas da
habitacdo podem influenciar a incidéncia de doengas
respiratorias. Tendo isto em consideragdo, o objetivo
deste estudo foi estudar a associacdo entre varias carac-
teristicas da casa ¢ a presenca de sibilancia em criancas
com menos de 36 meses de idade.



Methods

A cross-sectional study was designed to determine the
prevalence of wheezing and its association to hous-
ing characteristics of newborn population in the Arco
Ribeirinho region. A total of 6151 babies were born
in this region from 2012 through 2014. The sample
size for a 95% confidence interval was determined to
be 362. The sample was recruited by convenience, in
the children consultation services consultations at the
region’s 13 health units. Recruitment lasted from July
to September 2015, yielding a total of 269 subjects.
Data collection took place from October 2015 through
March 2016.

Temperature (°C) and relative humidity (%) were mea-
sured using a 3M Quest® EVM-7 environmental mon-
itor. A survey was applied in order to study housing
characteristics and room features, as well as to verify
the occurrence of wheezing episodes (13). Among the
characteristics of interest were housing typology, urban
or rural area, floor location of babies’ rooms, room size,
frequency of window opening, and the presence of vis-
ible moulds.

All statistical analyses were performed in IBM program
Statistical Package for Social Sciences (SPSS) version
23. The Shapiro-Wilk test was used to assess normal-
ity of continuous variables, the Student’s t-test? For
independent samples, and Mann-Whitney and Kruskal-
Wallis tests were used to assess mean and median differ-
ences. Qui-square test was used to assess associations
between categorical variables. Binary and multinomial
logistic regressions were performed to assess the as-
sociation of explanatory variables with the presence of
wheezing. The significance level was set to p<0.05.
Approval from Lus6fona University and Tagus Valley
Health Administration Ethics committees was obtained
prior to any research activities (License n°. 4/2015 and
11386/CES/2015 respectively).

Results and Discussion

From the initial 269 families with babies that showed
interests in participating, only 131 took part in the data
collection stage, representing 36% of the original tar-
geted sample size. Although this is an acceptable num-
ber of participants when compared with similar studies,
caution should be taken when interpreting the results
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Métodos

Para estudar a associagdo das caracteristicas habitacio-
nais com a prevaléncia de sibilancia numa a populacdo
de recém-nascidos, foi desenhado um estudo transver-
sal para implementar na regido do Arco Ribeirinho.
Entre 2012 ¢ 2014 nasceram nesta regido um total de
6151 bebés. O tamanho da amostra para um nivel de
confianga de 95% foi calculado em 362. A amostra foi
recrutada por conveniéncia, nas consultas de Saude In-
fantil nas 13 Unidades Funcionais do Agrupamento de
Centros de saude da regido. O recrutamento durou de
julho a setembro de 2015, com 269 familias a aceitarem
participar. O periodo de recolha de dados ocorreu de
outubro de 2015 a marco de 2016.

A temperatura (°C) e humidade relativa (%) foram me-
didas usando o equipamento de medigdo ambiental 3M
Quest® EVM-7. Foi desenvolvido e aplicado um ques-
tionario, com o intuito de estudar as caracteristicas da
casa e as caracteristicas do quarto, bem como verificar a
ocorréncia de episddios de sibilancia (13). Entre as ca-
racteristicas de interesse estavam o tipo de casa (mora-
dia vs. apartamento), a localizacdo da casa (urbana vs.
rural), o piso onde se encontra e o tamanho do quarto, a
frequéncia de abertura da janela e a presenga de bolores
visiveis.

Toda a analise estatistica foi executada no programa
IBM Statistical Package for Social Sciences (SPSS)
versdo 23. O teste de Shapiro-Wilk foi utilizado para
verificar a normalidade das variaveis continuas. O tes-
te t-Student para amostras independentes, os testes de
Mann-Whitney e Kruskal-Wallis foram utilizados para
avaliar as diferencas de médias e medianas. O teste
Qui-quadrado foi utilizado para avaliar associagdes en-
tre variaveis categoricas. Foram feitas regressdes logis-
ticas binaria ¢ multivariada para avaliar a associa¢do
das variaveis de interesse com a presencga de sibilancia.
O nivel de significancia foi definido para p <0,05.

A aprovagido pelos Comités de Etica da Universidade
Lusofona ¢ da Administragdo Regional de Saude de
Lisboa e do Vale do Tejo foi obtida antes de qualquer
atividade de investigacdo (Licenga n°. 4/2015 ¢ 11386 /
CES /2015, respetivamente).

Resultados e Discussao

A partir do contacto realizado com as 269 familias
com bebés, que inicialmente demonstraram interesse
em participar, foi possivel assegurar a participacdo de
131 na fase de recolha de dados, representando 36%
da amostra original. Embora este seja um numero acei-
tavel de participantes quando comparado com estudos
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here presented, as we cannot assure that they are repre-
sentative of the population.

The number of people living in the same house varied
between 2 and 10, with most families (91.6%) having
between three and five people. 51.9% of the participant
babies were boys. Babies’ mean age was 11.60 months.
Although boys were younger than girls, the difference
was not significant. Table 1 presents the distribution of
episodes of wheezing amongst the sample. Although
more girls had episodes of wheezing, the difference was
not significant.

Table 1/ Tabela 1 — Prevalence of wheezin

semelhantes, os resultados aqui relatados devem ser in-
terpretados com cautela pois nao é garantido que sejam
representativos da populacao em estudo.

O nimero de pessoas que moram na mesma casa variou
entre 2 ¢ 10, com a maioria das familias (91,6%) ten-
do entre 3 e 5 pessoas. 51,9% dos bebés participantes
eram meninos. A idade média dos bebés foi de 11,60
meses. Embora os meninos fossem mais jovens que as
meninas, a diferenca nao foi significativa. A Tabela 1
apresenta a distribuicdo dos episodios de sibilancia na
amostra. Apesar de mais meninas terem episodios de
sibilancia, a diferenca ndo foi significativa.

in the previous 12 months

(n=131)/ Prevaléncia de sibilancia nos ultimos 12 meses (n=131)

Boys/Meninos Girls/Meninas Total
p_
Wheezing/Sibildncia n % n % n %
value
Never/ Nunca 49 72.1% 37 58.7% 86 65.6%
Between 1 and 3 episodes/ Entre 1 e
12 17.6% 13 20.6% 25 19.1%
3 episidios 0.189
More than 3 episodes/ Mais de
7 10.3% 13 20.6% 20 15.3%
3 episodios
Total 68 51.9% 63 48.1% 131 100

Room size was similar between rural and urban ar-
eas (rural: 13.45 m? (£3.83); urban 13.40 m? (+2.72)
p=0.949), and between housing typology (house: 13.45
m? (+3.45); apartment: 13.49 m? (+2.59) p=0.955); girls
had bigger rooms than boys, but the differences were
not significant (Student’s t-test?; p=0.088) (Table 2).
However, a statistically significant association between
the room area and wheezing was found (p=0.044).
Smaller rooms seem to have a higher incidence of
wheezing episodes. A logistic regression model, adjust-
ed for temperature, relative humidity, age and sex of the
baby showed that a 1 meter increase in room area in-
creases the likelihood of not having a wheezing episode
by 1.214 [(CI 95%: 1.041 — 1.416); (p=0.013)].
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Nao se encontraram diferengas no tamanho dos quartos
entre zona rural e urbana (rural: 13,45 m? (£3,83); urba-
no 13,40m? (£2,72) p = 0,949), e entre tipologia de casa
(casa: 13,45m? (4+3.,45); apartamento: 13,49m? (+2,59)
p = 0,955); as meninas tinham quartos maiores que 0s
meninos, mas as diferencas ndo foram significativas (t-
-Student; p = 0,088) (Tabela 2). No entanto, foi encon-
trada uma associagdo estatisticamente significativa entre
a area do quarto e a sibilancia (p = 0,044). Quartos mais
pequenos parecem ter maior incidéncia de episodios de
sibilancia. O modelo de regressdo logistica, ajustado para
temperatura, humidade relativa, idade ¢ sexo do bebé,
mostrou que um aumento de 1 metro na area do quar-
to aumenta a probabilidade de ndo ocorrer um episodio
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Table 2/ Tabela 2 - Housing and room characteristics (n=131)/ Caracteristicas da habitagado
e do quarto do bebé (n=131)

Boys/Meninos Girls/Meninas Total

Location/ Localizagao n % n % n %
Rural/Rural 4 5.9 10 159 14 107
Urban/Urbana 64 94.1 53 84.1 117 89.3

Typology/Tipologia
Apartment/Apartamento 57 83.8 53 84.1 110 84.0
House/Casa 10 14.7 10 159 20 153
Other/Outro 1 1.5 1 0.8

Near a pollution site/ Proximidade a fonte de poluicio

Yes/Sim 14 20.6 18 28,6 32 244

No/Nao 54 79.4 45 714 99 756

Childs’s bedroom characteristics/ Caracteristicas do quarto
do bebé

Floor location/Localizacido do piso

Ground Floor/ Rés-do-chdo 12 17.6 17 27.0 29 221

1* floor/1° andar 23 33.8 15 23.8 38 29.0

2" floor or more/2° andar ou mais 33 48.5 31 492 64 489
Decoration/Decoracio

Paint/Tinta 62 91.2 57 90.5 119 90.8

Paint and paper/Tinta e papel 5 7.4 5 7.9 10 7.6

Other/Outro 1 1.5 1 1.6 2 1.5

Visible mould/ Bolores visiveis

18 26.5 21 333 39 298

Yes/Sim
No/Nio 50 73.5 42 66.7 92 70.2
2 13.41
Area m” (SD) 13.00 (2.87) 13.85 (2.78) (2.85)

Room density m2/pers0n (SD)/ Densidade do quarto
5.84 (3.07) 6.05(2.78)  5.95(2.93)

m*/habitante (SD)

Hours baby is in bedroom (SD)/ Horas que o bebé passa no 11.01
11.22 (2.49) 10.78 (2.56)

quarto (SD) (2.52)
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Most of our sample lived in an urban area apartment,
with the child bedroom located at least in the first floor
or higher. However, some respondents claimed to live
in a rural area, reflecting the transition zone between
city and rural environment typical of the region. The
association between asthma and urban or rural settings
has been reported in the literature (14,15), but in this
study, episodes of wheezing were not statistically as-
sociated with zone (rural vs. urban), the typology of
building (apartment vs. house), nor with the floor level
where the babies’ rooms were located.

Only 24.6% of families lived near a pollution site, such
as a highway, bus stop or gas station. This proximity
has been reported as important for respiratory health
since it has the potential to influence indoor air quality
(16). However, in this sample no association was found
between wheezing episodes and the proximity of a pol-
lution site or the type of decoration used in the room.
In 29.8% of the bedrooms, the presence of moulds
was visible. In spite of the known association between
moulds and dampness with respiratory disease (10),
moulds’ presence in this sample was not associated with
episodes of wheezing. Nevertheless, a significant asso-
ciation was found between the frequency of window
opening and the presence of visible moulds (y* 5.700;
p=0.017). The logistic regression model, adjusted for
room size, relative humidity and temperature, showed
that window opening frequency of less than once daily
is associated with having visible moulds on the rooms’
walls [aOR: 2.347 (CI 95%:1.047-5.263); (p=0.038)].
Considering that moulds presence is usually associated
with respiratory disease, this finding highlights the im-
portance of promoting good practices of hygiene of in-
door air through frequent renovation.

Conclusion

The research here reported allowed to study the pos-
sible association between babies’ bedrooms character-
istics and the occurrence of episodes of wheezing in the
Arco Ribeirinho region. In spite of examining several
room features, room size was the only feature to show
a possible impact in the emergence of wheezing epi-
sodes: bigger rooms seem to prevent the occurrence of
such episodes. In addition, this research contributes to
highlight the importance of air renovation at least once
a day to prevent the formation of moulds.
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de sibilancia em 1.214x [(IC 95%: 1.041 - 1.416); (p =
0,013)].

A maioria da amostra vivia num apartamento em area
urbana, com o quarto do bebé localizado no minimo
no primeiro andar ou mais alto. Alguns participantes
vivem numa area rural, refletindo a zona de transigao
entre cidade e meio rural tipica da regido. Neste estudo,
os episodios de sibilancia ndo foram estatisticamente
associados a tipologia da habitagdo (apartamento vs.
casa), ou zona (rural vs. urbana), nem com o piso onde
os quartos dos bebés estavam localizados, apesar de ou-
tros terem estabelecido essa associagdo, especialmente
entre asma o ambiente urbano ou rural (14,15).

Apenas 24,6% das familias viviam perto de um local de
poluigdo, como uma autoestrada, paragem de autocarro
ou posto de gasolina. Essa proximidade tem sido relata-
da como importante para a satide respiratoria, uma vez
que tem o potencial de influenciar a qualidade do ar em
ambientes fechados (16). No entanto, nesta amostra nao
foi encontrada associagao entre os episodios de sibilan-
cia e a proximidade de um local de poluicdo nem com o
tipo de decoragdo utilizado no quarto.

A presencga de bolores foi visivel em 29,8% dos quar-
tos. Apesar da conhecida associacdo entre a presenca
de fungos e humidade com doengas respiratdrias (10),
a presenca de bolores nos quartos desta amostra nao foi
associada a episodios de sibilancia. No entanto, foi en-
contrada uma associag@o significativa entre a frequén-
cia de abertura da janela do quarto e a presenca de bolo-
res visiveis (%> 5,700; p = 0,017). No modelo regressao
logistica, ajustado para o tamanho do quarto, humidade
relativa e temperatura, verificou-se que a abertura da
janela do quarto menos de uma vez por dia esta associa-
da a probabilidade de aparecerem bolores na parede do
quarto [aOR 2,347 (IC 95%: 1,047-5,263); (p = 0,038)].
Considerando que a presenca de fungos ¢ geralmente
associada a doenga respiratoria, este resultado eviden-
cia a importancia de promover bons habitos de higiene
do ar interior através da sua renovacao.

Conclusao

Este trabalho de investigagdo permitiu estudar a possivel
associagdo entre caracteristicas de quartos de bebés e a
ocorréncia de episddios de sibilancia, na regido do Arco
Ribeirinho. Apesar de examinar varias caracteristicas do
quarto, a area do quarto foi a tinica caracteristica a mos-
trar um possivel impacto no surgimento de episodios de
sibilancia: quartos maiores parecem impedir a ocorréncia
de mais episddios. Além disso, esta investigacao contribui
para destacar a importancia da renovacao do ar interior pelo
menos uma vez por dia para evitar a formagao de bolores.



Nevertheless, more research should be promoted in
this subject to address some of this study’s limitations,
namely a larger sample size and longitudinal measure-
ments of indoor air quality parameters. This would al-
low the assessment of exposure to relevant indoor air
pollutants on wheezing episodes.
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