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ABSTRACT
Infant mortality due to respiratory disease is a major cause of concern for Global Health. Asthma and other respiratory diseases’ prevalence in early childhood is still high, overburdening health systems. Housing conditions where first 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 infants in Arco Ribeirinho region. 131 participants were selected through the Child Health consultation. 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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Background
Prevalence of respiratory disease in early childhood is a major cause of concern for Global Health (1). It is estimated that more than 900 million children under 5 years of age die of pneumonia worldwide and at least 3 million die due to environment-related diseases every year (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 impacting health system costs (3). 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 respiratory diseases’ incidence (4). 
The reasons for this prevalence are complex and involve an intricate interaction of several factors, such as living conditions, housing quality or indoor air pollutants exposure (5,6). From location, basic structure and quality of materials, housing is one of the most relevant social determinants of health affecting new-borns’ health status (7). As babies spend most of their time indoors, indoor air quality (IAQ) has received some attention from researchers (8). Among several factors influencing IAQ, tobacco smoke as well as other household chemical compounds have been associated with respiratory disease prevalence in infants (5). Moreover, the presence of moulds and dampness is also associated with respiratory disease (9). 
The scarce evidence about the effect of housing conditions on the respiratory health of new-borns in high-income countries, shows that people with lower standards of living are more affected (10). 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 (11). Thus, it is important to assess how housing conditions may influence the incidence of respiratory disease in new-borns. Considering this, the aim of this study was to assess the association between several house characteristics and the presence of wheezing in children under 36 months of age. 



Methods:
A cross-sectional study was designed to determine the prevalence of wheezing and its association to house characteristics of new-born 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 Child Health consultations at the region’s 13 health units. Recruitment lasted from July to September 2015, yielding a total of 269 subjects. Data collection period took place from October 2015 through March 2016.
Temperature (ºC) and relative humidity (%) were measured using a 3M Quest® EVM-7 environmental monitor. A survey was applied in order to study house characteristics and room features, as well as to verify the occurrence of wheezing episodes (12). Among the characteristics of interest were house typology, urban or rural area, floor location of babies’ rooms, room size, frequency of window opening and the presence of visible moulds.
All the statistical analysis was performed in IBM program Statistical Package for Social Sciences (SPSS) version 23. Shapiro-Wilk test was used to assess normality of continuous variables. t-Student for independent samples, Mann-Whitney and Kruskal-Wallis tests were used to assess mean and median differences. Qui-square test was used to assess associations between categorical variables. Binary and multinomial logistic regressions were performed to assess the association of explanatory variables with the presence of wheezing. The significance level was set to p<0.05. 
Approval from Lusófona University and Tagus Valley Health Administration Ethics committees was obtained prior to any research activities (License nº. 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 sample size. Although this is an acceptable number of participants when compared with similar studies, caution should be taken when interpreting the results here presented as we cannot assure that they are representative 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.
Room size was similar between rural and urban areas (rural: 13.45 m2 (3.83); Urban 13.40 m2 (2.72) p=0.949), and between house typology (House: 13.45 m2 (3.45); Apartment: 13.49 m2 (2.59) p=0.955); girls had bigger rooms than boys, but the differences were not significant (t-Student; 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, adjusted for temperature, relative humidity, age and sex of the baby showed that a 1 meter increase in room area, increases the likelihood of not having a wheezing episode by 1.214 [(CI 95%: 1.041 – 1.416); (p=0.013)]. 
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 (13,14), but in this study, episodes of wheezing were not statistically associated 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 (15). However, in this sample no association was found between wheezing episodes and the proximity of a pollution 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 (9), moulds’ presence in this sample was not associated with episodes of wheezing. Nevertheless, a significant association was found between the frequency of window opening and the presence of visible moulds (χ2 5.700; p=0.017). In a logistic regression model, adjusted for room size, relative humidity and temperature, the frequency of opening the room window less than once daily is 2.347 times more likely to result in rooms having visible moulds [(CI 95%:1.047-5.263); (p=0.038)]. Considering that moulds presence is usually associated with respiratory disease, this finding highlights the importance of promoting good practices of hygiene of indoor air through frequent renovation.


Conclusion
The research here reported allowed to study the possible association between babies’ bedrooms characteristics 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 episodes: 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. 
Nevertheless, more research should be promoted in this subject to address some of this study’s limitations, namely a larger sample size and longitudinal measurements of indoor air quality parameters. This would allow the assessment of exposure to relevant indoor air pollutants on wheezing episodes.
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