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Abstract

:

Pneumonia is a leading cause of childhood death. Few studies have investigated associations between residential ambient environmental exposures and pneumonia. In January–April 2015, we conducted a cross-sectional study in Shandong Province (China) and collected 9597 (response rate: 78.7%) parent-reported questionnaires for 3–6-year-old children from 69 urban kindergartens. We then selected 5640 children who had never changed residence since birth and examined associations between residential ambient traffic-related facilities and childhood pneumonia considering residential characteristics. Prevalence of doctor-diagnosed pneumonia during lifetime-ever was 25.9%. In the multivariate logistic regression analyses, residence close to a main traffic road (adjusted odds ratio, 95% confidence interval: 1.23, 1.08–1.40) and automobile 4S shop (1.76, 1.16–2.67) within 200 m, residence close to a filling station within 100 m (1.71, 1.10–2.65; reference: >200 m), as well as having a ground car park in the residential community (1.24, 1.08–1.42) were significantly associated with childhood pneumonia. The cumulative numbers of these traffic-related facilities had a positive dose-response relationship with the increased odds of childhood pneumonia. These associations and dose-response relationships were stronger among boys and among children with worse bedroom ventilation status during the night. Associations of residence close to the main traffic road and ground car parks in the residential community with childhood pneumonia were stronger among children living in the 1st–3rd floors than those living on higher floors. Similar results were found in the two-level (kindergarten-child) logistic regression analyses. Our findings indicate that living near traffic-related facilities is likely a risk factor for childhood pneumonia among urban children. The child’s sex, bedroom floor level, and bedroom ventilation could modify associations of ambient traffic-related facilities with childhood pneumonia.
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1. Background


Pneumonia is a leading cause of childhood morbidity and mortality [1,2]. In 2015, pneumonia caused about four million deaths and 35 million disability-adjusted life-years in children younger than five years of age [1,3].



A series of studies have reported that ambient traffic-related air pollution, which are mainly indicated by nitrogen oxides (NOx) and particulate matter with an aerodynamic diameter ≤10 μm (PM10), are associated with childhood pneumonia [4,5,6,7,8,9,10]. Several studies also have used roadways near residence or living near major roads as a proxy for ambient traffic-related pollution and investigated its association with childhood respiratory health [11,12,13,14,15,16,17,18,19,20,21]. Specifically, the birth-cohort studies within the European Study of Cohorts for Air Pollution Effects (ESCAPE) project found that doctor-diagnosed pneumonia in early childhood was significantly associated with exposure to ambient NO2 and PM10 [4,7]. A prospective cohort study for 3677 children from 12 Southern California communities found that compared to children living >1500 m from a freeway, those children living within 500 m of a freeway had notable deficits in 8-year growth of forced expiratory volume in 1 s (FEV1) and maximum mid-expiratory flow rate (MMEF) [16]. A systematic review reported significant associations of ambient particulate matter with an aerodynamic diameter ≤2.5 μm (PM2.5) exposure with acute lower respiratory infections in childhood [8]. Another systematic review also suggested a positive association of daily level of ambient air pollutants with childhood hospitalizations due to pneumonia [9].



However, most studies included in these systematic reviews were from high-income countries where concentrations of ambient air pollutants were relatively low, and similar studies from low-income and middle-income countries/regions where ambient air pollution is heavy are lacking [8,9], although, in China, ambient air pollution is a hot topic, and studies on associations between ambient air pollution and childhood respiratory diseases have rapidly increased in recent years [22,23,24,25,26,27,28,29,30,31]. Most of these studies reported positive associations of exposure to higher levels of ambient air pollutants with increased odds of pneumonia in childhood. Besides, most of these studies on associations of air pollution with childhood pneumonia did not consider the potential confounding from the building characteristics of residences and household environment factors, such as household ventilation [32,33], household dampness-related exposures [34,35,36], and environmental tobacco smoke [36,37], which have been reported to be significantly associated with childhood respiratory diseases.



In this paper, using parent-reported data for different indicators of residential ambient traffic and children’s health information from a cross-sectional study in Shandong province, China, we investigated associations of residential ambient traffic with doctor-diagnosed pneumonia in childhood among urban children. We hypothesized that there are significant associations between different indicators of residential ambient traffic and the increased odds of childhood pneumonia. Since several studies have reported sex-differences in associations of ambient air pollution and childhood health [38,39,40], we further separately conducted subanalyses of the target associations among boys and among girls. Besides, in our previous study, we found that bedroom floor level and bedroom ventilation could modify associations of residential ambient traffic with childhood respiratory health [41]. A recent study found that the diameter of inhalable particles in indoor air had decreasing trend as the floor level of residences increased [42]. We also conducted subanalyses of the target associations among children with different situations of bedroom floor level and bedroom ventilation.




2. Methods


2.1. Studied Population and Questionnaire


During January–April 2015, basing on the China Children Homes Health (CCHH) study in ten large cities of China [43], we conducted a cross-sectional study in 69 urban kindergartens from Jinan city and Zoucheng city in Shandong province of China. In Jinan city, we surveyed all kindergartens in the Tianqiao district (n = 26) and in the Shizhong district (n = 28), and randomly surveyed five kindergartens in the Lixia district. In Zoucheng city, ten kindergartens in the urban district were randomly surveyed. Figure 1 shows locations and distributions of the surveyed kindergartens. The children normally attended the kindergartens closest to their residence. The children’s teachers distributed a standard questionnaire along with explanatory guidance to all children in the kindergartens (one family, one questionnaire) and returned them to us after the children’s parents filled out these questionnaires in the following days. A total of 12,202 parents of children were surveyed in these kindergartens and 9597 questionnaires (response rate: 78.7%) for children aged 3–6-year-old were finally collected. In the present study, we selected 5640 children who had never changed their residence since birth to examine the target associations.



In our questionnaire, questions about the child’s health history were translated from those in the International Study of Asthma and Allergies in Childhood (ISAAC) [44]. Questions about building characteristics of the residence, residential ambient environment, and family lifestyle behaviors were translated and modified from those in the Dampness in Building and Health (DBH) study in Sweden [45]. The full CCHH questionnaire was presented as supplemental material in a previous article [43] and in the present study. The readability and validity of the questionnaire has been verified by a pilot study in Chongqing in April 2010 [43].



Ethics approval and consent to participate: The ethical committee in the School of Public Health, Fudan University approved the questionnaire and research proposal (International Registered Number: IRB00002408 & FWA00002399). We informed participants of the purposes, details, and potential concerns of this study by written explanation. All participants consented in writing for themselves and their children, and voluntarily responded to the survey.




2.2. Assessment of Residential Traffic


In our questionnaire, basing on the question (Is your residence within 200 m of a main traffic road/highway (yes vs. no)) in the original CCHH questionnaire [43], we expanded 11 questions for different indicators with respect to residential ambient traffic-related exposures:




	
q1. Whether the residence close to main traffic road (yes vs. no)?



	
q1a. If q1 is yes, how far linear distance (m) between residence and main traffic road?



	
q1b. If q1 is yes, how many lane counts of the main traffic road near residence?



	
q1c. If q1 is yes, whether heavy truck passes through the main traffic road near residence?



	
q1d. If q1 is yes, whether bedroom faces to the main road near residence?



	
q2. Whether the residence close to filling station (yes vs. no)?



	
q2a. If q2 is yes, how far linear distance (m) between residence and filling station?



	
q3. Whether the residence close to automobile 4S shop (yes vs. no)?



	
q3a. If q3 is yes, how far linear distance (m) between residence and automobile 4S shop?



	
q4. Whether ground car park exists in the residential community (yes vs. no)?



	
q4a. If q4 is yes, how many cars are parked in the ground car park per day averagely?








Herein, automobile 4S shop was defined as a shop for the sale, spare parts, service, and survey of automobiles. The main road was defined as the roads for motor vehicle to connecting the major industrial and mining enterprises, major transportation hubs, and public places. If the response for q1, q2, or q3 was reported “yes” as well as the linear distance between residence and the traffic indicator was less than 200 m, we classified the children as having the corresponding traffic-related exposure, as reported in a previous study conducted in Shanghai, China [41]. If q4 was reported “yes”, we considered the child’s residence close to a ground car park. We also accumulated the number (n) of traffic indicators (including main traffic road, filling station, automobile 4S shop, and ground car park) near the residence for the analysis of a dose-response relationship between residence traffic exposure and the odd of childhood pneumonia. If none of these indicators was reported, n = 0; If any one of these indicators was reported, n = 1; and so on, thus n varied from zero to ≥3. Furthermore, for children whose residences were close to a main traffic road, filling station, and/or automobile 4S shop within 200 m, we stratified them into different subgroups according to the specific distances between the residence and these indicators and compared their risks of being diagnosed pneumonia during lifetime-ever. For children whose residential community had a ground car park, we also stratified them into different subgroups according to the number of parked cars and compared their pneumonia risks.




2.3. Assessment of Childhood Pneumonia


The childhood pneumonia we studied was diagnosed by a doctor and was reported by the children’s parents via the question (Has your child ever been diagnosed with pneumonia by a doctor? (yes vs. no)). Children were classified as having pneumonia during lifetime-ever when this question in their questionnaires was answered “yes”.




2.4. Covariates and Statistical Analyses


According to previous studies [18,41,45,46] and information from our questionnaire, we considered the following factors, which have been suggested to be associated with childhood respiratory diseases, as the potential covariates in the present study: sex (boys vs. girls), age (3 vs. 4 vs. 5 vs. 6-year-olds), residence-located area (Tianqiao district vs. Shizhong district vs. Lixia district vs. Zouchen city), family history of atopy (yes vs. no), residence ownership (owner vs. renter), breastfeeding duration (≤6 vs. >6 months), household dampness-related exposures (yes vs. no), household environmental tobacco smoke (yes vs. no), and household renovation during early lifetime (yes vs. no). Herein, family history of atopy was defined as that at least one of the child’s family members (siblings, parents, and/or grandparents) have had at least one of the following illnesses: asthma, eczema, and allergic nose or eye problems. We considered ownership of the current residence as an indicator of higher family socioeconomic status. Household dampness-related exposures were defined as that at least one of the following indicators was reported in the current residence: visible mold spots, visible damp stains, damp clothing/bedding, water damage, window pane condensation, and moldy odor. Household environmental tobacco smoke was defined as at least one smoker among family members living in the current residence. Here we considered the child’s sex, bedroom floor level (1st–3rd vs. 4th–6th vs. ≥7th floors), and frequency of opening bedroom windows during night (often vs. not often) as the potential effect modifiers. We categorized the child’s bedroom floor level according to the “Code for Design of Civil Buildings” in China [47]: 1st–3rd floors were defined as low floor level; 4th–6th floors were defined as medium floor level; ≥7th floors were defined as medium-high floor level. Frequency of opening bedroom windows during night was used to indicate the bedroom ventilation status. In the questionnaire, we asked family habit (often vs. sometimes vs. never) of bedroom ventilation in different seasons (spring, summer, autumn, and winter). We found that the family ventilation habits in different seasons had substantial correlations (see Supplemental Table S1). Therefore, if parents reported that the child’s bedroom windows were often opened during night in at least one season, we considered that the frequency of opening bedroom windows during night was often, and considered that their children’s bedroom ventilation was stronger than those families who did not often open bedroom windows.



The statistical analyses were performed by SPSS version 20.0 (IBM Inc., Armonk, NY, USA) and STATA 11.0 (STATA Corp., College Station, TX, USA). The Pearson’s chi-square test was used to compare the differences in pneumonia prevalence among children with different residential ambient traffic situations. We performed bivariate and multivariate logistic regression analyses to investigate crude and adjusted associations between different indicators of residential ambient traffic with childhood pneumonia by SPSS, respectively. In the multivariate logistic regression analyses (adjusted model 1), childhood pneumonia was set as a dependent variable; one indicator of residential ambient traffic was set as an independent variable; and the factors we mentioned above were set as covariates. To reduce the clustering effects within kindergarten and to check the target associations in the multivariate logistic regression analyses, we also conducted two-level (kindergarten-child) logistic regression analyses (adjusted model 2) using STATA. We performed the same analyses for the dose-response relationships between residential ambient traffic and the odds of childhood pneumonia. For associations and dose-response relationships, the traffic-related facilities were analyzed as categorical variables, with considering no exposure (or children with the longest linear distance between traffic-related facilities and residence) as reference categories. The associations and dose-response relationships were indicated by odds ratio (OR) and adjusted odds ratio (AOR) with 95% confidence intervals (CI). Significance was set at p-value < 0.05.



To indicate modification effects of residential ambient traffic with sex, bedroom floor level, or bedroom ventilation on associations of residential ambient traffic with childhood pneumonia, we firstly investigated the possibility of multiplicative interaction effects of residential ambient traffic with the bedroom floor level and bedroom ventilation habit on odds of childhood pneumonia, by including each of these two factors independently and their combined terms (residential ambient traffic × sex, residential ambient traffic × bedroom floor level, or residential ambient traffic × *family ventilation habit) as independent variables in the logistic regression models. If the corresponding p-value for the multiplicative item was <0.05, we considered that the combined two factors have interaction effect on childhood pneumonia. Secondly, we analyzed dose-response relationships between the cumulative numbers of residential ambient traffic-related facilities and childhood pneumonia in various subgroups, which were stratified according to the child’s sex, bedroom floor level, or bedroom ventilation habit in the logistic regression models.





3. Results


Table 1 shows the demographic data, sample distributions for covariates and pneumonia prevalence of the surveyed children.



Sample sizes for boys and girls had little difference. The proportions for 4-year-olds and for 5-year-olds children were both about one-third. Children both from Tianqiao district and from Shizhong district of Jinan city accounted for about 30%. A total of 9.4% of the surveyed children had a family history of atopy. A total of 72.2% and 19.1% children were from families who owned their current residence and were breastfed ≤6 months, respectively. A total of 80.9%, 52.0%, and 31.8% children had household dampness-related exposures, ETS exposure, and household renovation during early lifetime, respectively. A total of 50.9% and 38.1% children lived on the 1st–3rd floors and 4th–6th floors of their residential buildings, respectively. Here 71.7% children were from families who often opened bedroom windows during the night. The lifetime-ever prevalence of doctor-diagnosed pneumonia was 25.9%. With respect to residential ambient traffic (Table 2), 40.6%, 4.1%, and 2.1% of the surveyed residences close to main traffic road, filling station, and automobile 4S shop within 200 m, respectively. A total of 13.5% and 27.2% residences were close a main traffic road with a linear distance ≤50 m and close to ≥6 lanes traffic road, respectively. A total of 50.0% and 47.7% residences were close the main traffic roads for heavy trucks and faced the main traffic road, respectively. A total of 1.9% and 1.3% of residences were close to a filling station and an automobile 4S shop at a linear distance ≤100 m, respectively. A total of 59.8% residences had ground car parks in the residential community and therein 16.4% of these residences had >100 parked cars in the ground car park per day. Residences close to main traffic road, filling station, and automobile 4S shop within 200 m, as well as ground car parks in the residential community had no substantial correlations (Pearson’s correlation coefficient: 0.046–0.252; more data are shown in the Supplemental Table S2).



Compared to those children without ambient traffic-related facilities, significantly higher prevalences of childhood pneumonia were found among children whose residences were close to a main traffic road and had automobile 4S shops within 200 m, as well as among children whose residential communities had ground car parks (Table 2). Among those children whose residences were close to the main traffic road within 200 m, no significant differences in pneumonia prevalence were found among children whose residences were close to the main traffic road whether heavy trucks used the main traffic road and whether the child’s bedroom faced the main traffic road, as well as among children whose residences were close to main traffic roads with different lanes. Pneumonia prevalence among children whose residences were close to a filling station within 100 m was significantly higher than among other children. Although the differences were not statistically significant, pneumonia prevalences among children whose residences were close to a filling station within 100 m and within 101–200 m were higher than among children whose residences were close to the filling station >200 m. We found significant differences among children whose residential communities parked different car numbers per day, and the larger the average car number, the higher the pneumonia prevalence.



In the bivariate, multivariate, and two-level logistic regression analyses (Table 3), residences close to a main traffic road within 200 m (reference: >200 m) and residential communities having ground car parks had significant associations with the increased odds of childhood pneumonia. Residences close to a main traffic road within 51–100 m (reference: >200 m), residences close to a filling station within ≤100 m (reference: >200 m), and with >100 cars parked on the ground car park of the residence per day (reference: ≤20 cars) also had significant associations with increased odds of childhood pneumonia. Among children whose residences were close to a main traffic road within 200 m, whether heavy trucks used the main traffic road and whether their bedroom faces a main traffic road had no significant associations with childhood pneumonia. Besides, in the bivariate and multivariate logistic regression analyses, residences close to an automobile 4S shop within 200 m and ≤100 m (reference: >200 m) had significant associations with the increased odds of childhood pneumonia.



Besides, a multivariate logistic regression analysis including all four traffic-related indicators in one model showed that the increased ORs (95%CI) of childhood pneumonia were 1.18 (1.03–1.36) for residences close to a main traffic road within 200 m, 1.06 (0.76–1.47) for residences close to a filling station within 200 m, 1.50 (0.95–2.35) for residences close to an automobile 4S shop within 200 m, and 1.21 (1.05–1.40) for residential communities having ground car parks (Table S3).



Furthermore, in the subanalyses (Table 4), main traffic road near residence within 200 m and having ground car park in the residential community had significant associations with the increased odds of childhood pneumonia among boys, among children whose bedrooms were on the 1st–3rd floors, and among children whose bedroom windows were not opened often during the night in all logistic regression analyses.



Automobile 4S shop near residence within 200 m had a significant association with the increased odds of childhood pneumonia among boys among children whose bedrooms were on the 4th–6th floors in all logistic regression analyses. Filling station near residence within 200 m had no significant associations with the increased odds of childhood pneumonia among children of different sex, among children whose bedrooms were on different floor levels, and among children whose bedroom windows were opened or not opened often during the night, in the multivariate and two-level logistic regression analyses. Besides, in the bivariate and multivariate logistic regression analyses, main traffic road near the residence within 200 m had significant interactions with the child’s sex and bedroom ventilation habits on childhood pneumonia; an automobile 4S shop near residence within 200 m had significant interactions with bedroom ventilation habits on childhood pneumonia. In all logistic regression analyses, an automobile 4S shop near residence within 200 m had significant interactions with the child’s sex and bedroom floor level on childhood pneumonia. Ground car parks in the residential community had significant interactions with the child’s sex and bedroom ventilation habits on childhood pneumonia.



Besides, the cumulative number of indictors for residential ambient traffic within 200 m of the residence had positive and significant dose-response relationships with the increased odds of childhood pneumonia (Figure 2 and Table S4). These dose-response relationships had significant differences between boys and girls (Figure 3 and Table S5). In all logistic regression analyses, the cumulative number of residential traffic-related indicators had significant interactions with the child’s sex on childhood pneumonia. Figure 4 and Table S6 present the dose-response relationships of the cumulative number of indicators for residential traffic with the odds of childhood pneumonia among children with different bedroom floor level. In the multivariate and two-level logistic regression analyses, the cumulative number of indicators for residential traffic and bedroom floor level had no significant interaction effects on childhood pneumonia. Associations of the cumulative number of indicators for residential traffic with childhood pneumonia were strongest among children living on the 4th–6th floors and having more than three traffic-related indicators within 200 m of the residence. In both multivariate and two-level logistic regression models (Figure 5 and Table S7), the cumulative number of indicators for residential traffic and bedroom ventilation habit had nearly significant interaction effects on childhood pneumonia (p-value < 0.1). For children who have more than three traffic-related indicators within 200 m of the residence, associations of the cumulative number of indicators for residential traffic with childhood pneumonia were notably stronger among children whose families did not often open than did often open the bedroom windows.




4. Discussion


In this cross-sectional study, we found that childhood pneumonia had positive and significant associations with residences close to main traffic roads or automobile 4S shops within 200 m, and residential communities having ground car parks. Residence close to a filling station within 100 m had a significant association with the increased odd of childhood pneumonia. The cumulative number of these indictors for residential ambient traffic had positive and significant dose-response relationships with the increased odds of childhood pneumonia. Associations of traffic-related indicators and the cumulative number of these indicators with childhood pneumonia were generally stronger among boys than girls, as well as among children whose families did not often open than those who often opened the bedroom windows. Associations of residence close to a main traffic road within 200 m and having a ground car park in the residential community with childhood pneumonia were stronger among children living on the 1st–3rd floors than among children living on the 4th–6th floors and ≥7th floors. Associations of automobile 4S shops near residences within 200 m with childhood pneumonia were stronger among children living on the 4th–6th floors and ≥7th floors than among children living on the 1st–3rd floors. The day-average numbers of car parked in the ground car park in the residential community also had dose-response relationships with the increased odds of childhood pneumonia. Among children whose residences were close to main traffic road ≤200 m, lane counts of the road, heavy truck passing along the road and bedroom facing the road had no significant associations with childhood pneumonia.



Our findings with regard to the significant associations of different traffic-related facilities near the residence and childhood pneumonia were partly consistent with several previous studies on associations between ambient air pollution and respiratory diseases/symptoms [4,6,7,8,9,26,27,28,41,48,49]. Specifically, the meta-analysis of 10 birth-cohort studies within the ESCAPE project found that parent-reported doctor-diagnosed pneumonia in early childhood had statistically significant associations with ambient annual-average NO2 and PM10 [7]. A systematic review reported significant associations of ambient PM2.5 exposure with acute lower respiratory infections in childhood [8]. Another systematic review also suggested ambient air pollutants were significantly associated with the increased odds of childhood hospitalization due to pneumonia [9]. A case-crossover study in Jinan city of China also found that pediatric hospitalization for pneumonia was significantly associated with the elevated PM2.5 concentrations in the day before hospitalization and the elevated PM10 concentrations in the two days before hospitalization [28]. A cross-sectional study for 3–6-year-olds children in Changsha city of China found that the elevated NO2 concentration during lifetime-ever had significant associations with the increased odds of childhood pneumonia [27]. A similar study in Shanghai, China also reported that living close to high traffic roads or highways within 200 m of the residence had positive association with the increased odd of childhood pneumonia [41]. These findings suggested that living near traffic-related facilities could be a risk factor for childhood pneumonia.



A novel finding in the present study was that lane count of the main traffic road, heavy truck use on the road, and bedroom facing the road had no significant association with childhood pneumonia among children whose residences were close to a main traffic road ≤200 m. To our best knowledge, there was no previous study having the similar findings for childhood pneumonia with the present study. These findings also were inconsistent with several previous studies on associations of linear distances between residence and main traffic road with childhood asthmatic and allergic symptoms [13,50,51,52,53]. Specifically, the phase three of the ISAAC study found that high frequency of self-reported truck traffic on the residential street had positive associations and significant exposure-response relationships with the prevalence of symptoms for childhood asthma, rhinitis, and eczema [13]. The Cincinnati Childhood Allergy and Air Pollution Study (CCAAPS) found that infants living stop-and-go bus and truck traffic <100 m (reference: unexposed infants) was significantly increased odds of wheezing symptoms among infants <1 year-old [52]. This study also suggested that distance between residence and traffic as well as traffic type had stronger associations with wheezing in early infancy than traffic volume [52]. Since our studied outcome was doctor-diagnosed pneumonia during the child’s lifetime-ever, the above findings seemingly suggest that associations of long-term exposure to traffic-related facilities on childhood doctor-diagnosed pneumonia could be similar among children whose residences are close to main traffic roads of different types, whereas associations of traffic-related facilities on symptoms of these diseases could interact with the distances between residence and ambient traffic roads. More related studies are warranted.



Besides, we report some novel findings with respect to interaction effects. Consistent with most previous studies [38,39,40], we find notable differences in associations of residential ambient traffic with childhood pneumonia between boys and girls. These findings suggest that effects of residential ambient traffic-related facilities on childhood pneumonia could be stronger in boys than in girls in urban area of Shandong Province, China.



As a similar study in Shanghai, China [41], we found that the child’s bedroom floor level or bedroom ventilation status with the residential ambient traffic had significant or nearly significant interaction effects on childhood pneumonia. With respect to the bedroom floor level, several studies have reported that ambient/indoor air pollution could differ on different floors of residential buildings [42,54,55,56]. A simulation study for a high-rise building in Hong Kong suggested that the pathway of pollutant migration was dominated by wind-structure interaction [56]. Another study found that indoor levels of polycyclic aromatic hydrocarbons (PAH) and carbon black (CB, an indicator of ambient heavy traffic) from ambient air declined with the increased floor level [54]. These findings suggested that increased odds of childhood pneumonia due to ambient traffic-related facilities could depend on the residence floor level, that could be related with the natural ventilation status and thus be associated with the household air quality [54,55]. However, to our best knowledge, except for the study in Shanghai, China [41], there is no study yet considering the impact of the bedroom floor level on children’s health and its interaction effect with ambient traffic on children’s health. In the present study, the significantly increased odds of pneumonia due to residence close to a main road and due to having a ground car park in the residential community were consistently found among children living on 1st–3rd floors in different logistic regression analyses. Our findings seemingly suggested that traffic-related facilities had a greater impact on the increased odds of childhood pneumonia among children living on a low floor level than on a high floor of the residential building.



With respect to bedroom ventilation status, often opening bedroom windows is a common method to improve household ventilation. Increasing household natural ventilation could effectively reduce indoor air pollution [57]. This explanation supported our findings in the present study that associations of residential ambient traffic-related facilities t with childhood pneumonia were stronger among children whose families did not often open the bedroom windows than among children whose families often opened the bedroom windows during the night. Therefore, like the bedroom floor level, we suggest that family habits of opening bedroom windows also should be considered in related studies on associations of residential ambient traffic with childhood respiratory diseases. These findings also further support that residential ambient traffic-related facilities could be risk factors for childhood pneumonia.



Some limitations exist in the present study. First, all data we analyzed were collected from parent-reported questionnaires. Pneumonia was defined as a single positive answer to a question. These data we analyzed might have reporting error and bias. Second, we did not consider the environmental exposures in the kindergarten, where the children spend a notable fraction of their time, and these environmental exposures are also likely to affect the child’s respiratory health [57]. Third, the sample sizes for some subgroups we analyzed were small.



Nevertheless, this study has several strengths. First, it is one of the first large cross-sectional studies in China on the associations of residential ambient traffic with childhood pneumonia. The questionnaire we used has been used in several previous studies [22,23,43,45,58] and some studies have confirmed the validity of the questionnaire [59,60]. The primary questionnaire also has been tested in a pilot study of 100 children in April 2010 in Chongqing, China and thereafter its readability has been improved [43]. Second, the high response rate and large sample sizes assured that the analyzed data had high representation for the studied population and likely have little selection bias. The large number of participants also could dilute the self-reporting methodology bias for both pneumonia and environmental factors. Third, in addition to using main traffic road to indicate residential ambient traffic-related condition as many previous studies [12,50,51,52,53], we added three traffic-related facilities (filling station, automobile 4S shop, and ground car park) and obtained the detailed linear distance between residences and main traffic roads as well as type of the traffic road and ground car park in the residential community. Fourth, except for the similar study in Shanghai, China [41], this is the first study to analyze the interactions of the child’s sex, bedroom floor level, and family ventilation habits on the associations between residential ambient traffic-related exposures and childhood pneumonia. Fifth, we have considered several household environmental factors (such as household decoration and dampness-related exposure) as potential confounders in the analyses of the target associations.




5. Conclusions


Residential ambient traffic facilities are related with childhood pneumonia among urban children in Shandong, China. Residence close to main traffic road and automobile 4S shop within 200 m, residence close to filling station within 100 m, and having ground car park in the residential community are associated with the higher odds of childhood pneumonia. The child’s sex, bedroom floor level, and bedroom ventilation could affect associations between residential ambient traffic and childhood pneumonia. These associations could be stronger among boys, among children living on low floor levels, and among children with worse bedroom ventilation.
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Figure 1. Locations of the surveyed kindergartens. (A): Studied area of Jinan city; (B): Studied area of Zouchen city. 
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Figure 2. Dose-response relationships of the cumulative number of indictors for residential traffic within 200 m of the residence with odds of childhood pneumonia. Adjusted factors in model 1 (multivariate logistic regression analyses) included sex, age, residence-located area, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. Adjusted factors in model 2 (two-level logistic regression analyses) included sex, age, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. The supplemental Table S4 presented the detailed data for odds ratios (ORs) and their 95% confidence intervals (CIs). 
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Figure 3. Dose-response relationships of the cumulative number of indictors for residential traffic within 200 m of the residence with odds of childhood pneumonia, stratified by the child’s sex. (a) Boys; (b) Girls. Adjusted factors in model 1 (multivariate logistic regression analyses) included age, residence-located area, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. Adjusted factors in model 2 (two-level logistic regression analyses) included age, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. The supplemental Table S5 presented the detailed data for odds ratios (ORs) and their 95% confidence intervals (CIs). The p-values for interaction in crude model, adjusted model 1, and adjusted model 2 were <0.001, 0.002, and 0.006, respectively. 
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Figure 4. Dose-response relationships of the cumulative number of indictors for residential traffic within 200 m of the residence with odds of childhood pneumonia, stratified by bedroom floor level. (a) 1st-3rd floors; (b) 4th-6th floors; (c) ≥7th floors. Adjusted factors in model 1 (multivariate logistic regression analyses) included sex, age, residence-located area, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. Adjusted factors in model 2 (two-level logistic regression analyses) included sex, age, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. The supplemental Table S6 presented the detailed data for odds ratios (ORs) and their 95% confidence intervals (CIs). The p-values for interaction in crude model, adjusted model 1, and adjusted model 2 were 0.004, 0.082, and 0.108, respectively. 
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Figure 5. Dose-response relationships of the cumulative number of indictors for residential traffic within 200 m of the residence with odds of childhood pneumonia, stratified by family habit of bedroom ventilation (often or not often open the bedroom windows during night). (a) Often; (b) Not often. Adjusted factors in model 1 (multivariate logistic regression analyses) included sex, age, residence-located area, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. Adjusted factors in model 2 (two-level logistic regression analyses) included sex, age, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. The supplemental Table S7 presented the detailed data for odds ratios (ORs) and their 95% confidence intervals (CIs). The p-values for interaction in crude model, adjusted model 1, and adjusted model 2 were 0.001, 0.065, and 0.051, respectively. 
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Table 1. Demographic data, covariates, and pneumonia prevalence.
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Items

	
Sample Size, n (%) a






	
Total

	
5640 (100.0)




	
   Sex

	




	
   Boys

	
2906 (52.3)




	
   Girls

	
2650 (47.7)




	
Age

	




	
   3-year-olds

	
945 (16.9)




	
   4-year-olds

	
1862 (33.2)




	
   5-year-olds

	
1866 (33.3)




	
   6-year-olds

	
931 (16.6)




	
Residence-located area

	




	
   Tianqiao district

	
1724 (30.6)




	
   Shizhong district

	
1688 (29.9)




	
   Lixia district

	
896 (15.9)




	
   Zouchen city

	
1332 (23.6)




	
Family history of atopy

	




	
   Yes

	
524 (9.4)




	
   No

	
5076 (90.6)




	
Residence ownership

	




	
   Owner

	
3971 (72.2)




	
   Renter

	
1532 (27.8)




	
Breastfeeding duration

	




	
   ≤6 months

	
1057 (19.1)




	
   >6 months

	
4472 (80.9)




	
Household dampness-related exposure




	
   Yes

	
4515 (81.2)




	
   No

	
1047 (18.8)




	
Household environmental tobacco smoke (ETS)




	
   Yes

	
2892 (52.0)




	
   No

	
2670 (48.0)




	
Household renovation during early lifetime




	
   Yes

	
1703 (31.8)




	
   No

	
3646 (68.2)




	
The child’s bedroom floor level




	
   1st–3rd floors

	
2723 (50.9)




	
   4th–6th floors

	
2040 (38.1)




	
   ≥7th floors

	
586 (11.0)




	
Frequency of opening bedroom windows during night




	
   Often

	
3950 (71.7)




	
   Not often

	
1559 (28.3)




	
Pneumonia prevalence

	




	
   Yes

	
1429 (25.9)




	
   No

	
4092 (74.1)








a Due to missing data, sample sums in some items could be smaller than the total number.
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Table 2. Pneumonia prevalence among children with different situations of residential traffic.






Table 2. Pneumonia prevalence among children with different situations of residential traffic.





	
Indictors for Residential Traffic

	
Sample Size, n (%)

	
Prevalence, n (%)

	
p-Value a






	
Main traffic road near residence within 200 m




	
   Yes

	
2225 (40.6)

	
630 (29.0)

	




	
   No

	
3259 (59.4)

	
762 (23.9)

	
<0.001




	
Linear distance between residence and the main traffic road




	
   ≤50 m

	
669 (13.5)

	
186 (28.6)

	




	
   51–100 m

	
475 (9.6)

	
139 (29.6)

	




	
   101–200 m

	
555 (11.2)

	
149 (27.2)

	




	
   >200 m

	
3259 (65.7)

	
762 (23.9)

	
0.005




	
Lane counts of the main traffic road near residence within 200 m




	
   ≤2 lanes

	
499 (31.3)

	
123 (25.5)

	




	
   3–5 lanes

	
662 (41.5)

	
197 (30.2)

	




	
   ≥6 lanes

	
434 (27.2)

	
134 (31.4)

	
0.109




	
Heavy truck passed through the main traffic road near residence within 200 m




	
   Yes

	
827 (50.0)

	
222 (27.3)

	




	
   No

	
828 (50.0)

	
235 (29.0)

	
0.445




	
Bedroom faced to the main traffic road near residence within 200 m




	
   Yes

	
802 (47.7)

	
221 (28.3)

	




	
   No

	
879 (52.3)

	
249 (28.7)

	
0.874




	
Filling station near residence within 200 m




	
   Yes

	
234 (4.1)

	
71 (30.7)

	




	
   No

	
5189 (95.7)

	
1302 (25.6)

	
0.081




	
Linear distance between residence and the filling station




	
   ≤100 m

	
105 (1.9)

	
41 (39.0)

	




	
   101–200 m

	
129 (2.4)

	
30 (23.8)

	




	
   >200 m

	
5189 (95.7)

	
1302 (25.6)

	
0.007




	
Automobile 4S shop near residence within 200 m




	
   Yes

	
117 (2.1)

	
41 (35.3)

	




	
   No

	
5327 (97.9)

	
1338 (25.6)

	
0.018




	
Linear distance between residence and the automobile 4S shop




	
   ≤100 m

	
72 (1.3)

	
26 (36.6)

	




	
   101–200 m

	
45 (0.8)

	
15 (33.3)

	




	
   >200 m

	
5327 (97.9)

	
1338 (25.6)

	
0.056




	
Ground car park in the residential community




	
   Yes

	
3234 (59.8)

	
909 (28.6)

	




	
   No

	
2175 (40.2)

	
467 (21.9)

	
<0.001




	
Average number of cars parked in the ground car park per day




	
   ≤20

	
1014 (36.2)

	
251 (25.2)

	




	
   21–50

	
795 (28.4)

	
233 (29.7)

	




	
   51–100

	
532 (19.0)

	
159 (30.2)

	




	
   >100

	
459 (16.4)

	
151 (34.0)

	
0.004








a In the Pearson’s chi-square test; Bold indicates significance (p-value < 0.05).
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Table 3. Associations of childhood pneumonia with residential traffic in the logistic regression analyses.
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Indictors for Residential Traffic

	
OR, 95%CI (p-Value) a




	
Crude

	
Adjusted Model 1 b

	
Adjusted Model 2 c






	
Main traffic road near residence within 200 m




	
   No

	
1.00

	
1.00

	
1.00




	
   Yes

	
1.30, 1.15–1.47 (<0.001)

	
1.23, 1.08–1.40 (0.002)

	
1.21, 1.05–1.38 (0.007)




	
Linear distance between residence and the main traffic road




	
   >200 m

	
1.00

	
1.00

	
1.00




	
   101–200 m

	
1.20, 0.97–1.47 (0.089)

	
1.13, 0.91–1.41 (0.277)

	
1.09, 0.87–1.37 (0.452)




	
   51–100 m

	
1.34, 1.09–1.67 (0.007)

	
1.33, 1.06–1.68 (0.013)

	
1.30, 1.03–1.64 (0.030)




	
   ≤50 m

	
1.28, 1.06–1.55 (0.010)

	
1.16, 0.94–1.42 (0.163)

	
1.10, 0.90–1.36 (0.355)




	
Lane counts of the main traffic road near residence within 200 m




	
   ≤2 lanes

	
1.00

	
1.00

	
1.00




	
   3–5 lanes

	
1.26, 0.97–1.64 (0.085)

	
1.24, 0.93–1.66 (0.144)

	
1.24, 0.92–1.68 (0.156)




	
   ≥6 lanes

	
1.34, 1.00–1.78 (0.050)

	
1.32, 0.96–1.82 (0.087)

	
1.40, 1.01–1.94 (0.045)




	
Heavy truck passed through the main traffic road near residence within 200 m




	
   No

	
1.00

	
1.00

	
1.00




	
   Yes

	
0.92, 0.74–1.14 (0.445)

	
0.79, 0.63–1.01 (0.053)

	
0.83, 0.65–1.06 (0.135)




	
Bedroom faced to the main traffic road near residence within 200 m




	
   No

	
1.00

	
1.00

	
1.00




	
   Yes

	
0.98, 0.79–1.22 (0.874)

	
1.02, 0.81–1.28 (0.863)

	
1.02, 0.81–1.29 (0.840)




	
Filling station near residence within 200 m




	
   No

	
1.00

	
1.00

	
1.00




	
   Yes

	
1.29, 0.97–1.72 (0.081)

	
1.22, 0.89–1.66 (0.222)

	
1.17, 0.85–1.61 (0.338)




	
Linear distance between residence and the filling station




	
   >200 m

	
1.00

	
1.00

	
1.00




	
   101–200 m

	
0.91, 0.60–1.38 (0.648)

	
0.89, 0.57–1.39 (0.615)

	
0.87, 0.56–1.38 (0.567)




	
   ≤100 m

	
1.86, 1.25–2.77 (0.002)

	
1.71, 1.10–2.65 (0.017)

	
1.60, 1.02–2.52 (0.039)




	
Automobile 4S shop near residence within 200 m




	
   No

	
1.00

	
1.00

	
1.00




	
   Yes

	
1.59, 1.08–2.33 (0.018)

	
1.76, 1.16–2.67 (0.008)

	
1.43, 0.94–2.20 (0.098)




	
Linear distance between residence and the automobile 4S shop




	
   >200 m

	
1.00

	
1.00

	
1.00




	
   101–200 m

	
1.45, 0.78–2.71 (0.238)

	
1.80, 0.92–3.50 (0.086)

	
1.52, 0.77–2.99 (0.223)




	
   ≤100 m

	
1.68, 1.03–2.73 (0.035)

	
1.74, 1.03–2.95 (0.039)

	
1.37, 0.80–2.35 (0.252)




	
Ground car park in the residential community




	
   No

	
1.00

	
1.00

	
1.00




	
   Yes

	
1.43, 1.26–1.62 (<0.001)

	
1.24, 1.08–1.42 (0.002)

	
1.20, 1.04–1.39 (0.014)




	
Average number of car parked in the ground car park per day




	
   ≤20

	
1.00

	
1.00

	
1.00




	
   21–50

	
1.26, 1.02–1.55 (0.034)

	
1.21, 0.96–1.52 (0.100)

	
1.24, 0.98–1.56 (0.075)




	
   51–100

	
1.29, 1.02–1.63 (0.035)

	
1.21, 0.94–1.56 (0.146)

	
1.25, 0.97–1.63 (0.088)




	
   >100

	
1.53, 1.20–1.95 (0.001)

	
1.41, 1.08–1.84 (0.011)

	
1.49, 1.13–1.95 (0.004)








a OR: odds ratio; CI: confidence interval; Bold indicates significance (p-value < 0.05). b Multivariate logistic regression analyses with adjustment for the child’s sex, age, residence-located area, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. c Two-level (kindergarten-child) logistic regression analyses with adjustment for the child’s sex, age, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime.
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Table 4. Associations of childhood pneumonia with residential traffic in the logistic regression analyses in the subgroups, stratified by the child’s sex, bedroom floor level, and bedroom ventilation habit.
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Indictors for Residential Traffic

	
OR, 95%CI (p-Value) [p-Value for Interaction] a




	
Crude

	
Adjusted Model 1 b

	
Adjusted Model 2 c






	
1. Main traffic road near residence within 200 m (yes vs. no)




	
Stratified by the child’s sex




	
   Boys

	
1.42, 1.19–1.71 (<0.001)

	
1.32, 1.09–1.60 (0.005)

	
1.27, 1.04–1.55 (0.018)




	
   Girls

	
1.18, 1.00–1.40 (0.055) [0.009]

	
1.15, 0.96–1.38 (0.124) [0.035]

	
1.14, 0.94–1.37 (0.176) [0.058]




	
Stratified by bedroom floor level




	
   1st–3rd floors

	
1.37, 1.14–1.63 (0.001)

	
1.29, 1.06–1.56 (0.010)

	
1.27, 1.04–1.54 (0.019)




	
   4th–6th floors

	
1.24, 1.01–1.52 (0.039)

	
1.18, 0.95–1.47 (0.130)

	
1.15, 0.92–1.43 (0.228)




	
   ≥7th floors

	
1.14, 0.79–1.63 (0.494) [0.015]

	
1.09, 0.73–1.61 (0.681) [0.124]

	
1.08, 0.73–1.60 (0.683) [0.197]




	
Stratified by bedroom ventilation habit (open the bedroom windows during night)




	
   Often

	
1.26, 1.01–1.59 (0.047)

	
1.16, 0.90–1.49 (0.257)

	
1.22, 0.93–1.61 (0.142)




	
   Not often

	
1.29, 1.11–1.49 (0.001) [0.012]

	
1.23, 1.05–1.44 (0.011) [0.013]

	
1.21, 1.03–1.42 (0.022) [0.083]




	
2. Filling station near residence within 200 m (yes vs. no)




	
Stratified by the child’s sex




	
   Boys

	
1.41, 0.96–2.06 (0.078)

	
1.42, 0.95–2.14 (0.087)

	
1.37, 0.90–2.08 (0.137)




	
   Girls

	
1.08, 0.69–1.70 (0.724) [0.049]

	
0.98, 0.60–1.61 (0.928) [0.082]

	
0.96, 0.58–1.60 (0.885) [0.093]




	
Stratified by bedroom floor level




	
   1st–3rd floors

	
1.17, 0.76–1.81 (0.472)

	
1.05, 0.65–1.69 (0.848)

	
0.93, 0.57–1.51 (0.758)




	
   4th–6th floors

	
1.18, 0.74–1.87 (0.483)

	
1.23, 0.75–2.02 (0.422)

	
1.21, 0.72–2.02 (0.467)




	
   ≥7th floors

	
1.28, 0.59–2.81 (0.530) [0.243]

	
1.34, 0.56–3.17 (0.511) [0.309]

	
1.31, 0.56–3.10 (0.533) [0.241]




	
Stratified by bedroom ventilation habit (open the bedroom windows during night)




	
   Often

	
1.14, 0.80–1.63 (0.470)

	
1.12, 0.77–1.65 (0.553)

	
1.10, 0.74–1.63 (0.626)




	
   Not often

	
1.75, 1.07–2.87 (0.026) [0.002]

	
1.42, 0.82–2.45 (0.209) [0.700]

	
1.33, 0.76–2.33 (0.310) [0.678]




	
3. Automobile 4S shop near residence within 200 m (yes vs. no)




	
Stratified by the child’s sex




	
   Boys

	
2.09, 1.27–3.44 (0.003)

	
2.55, 1.49–4.38 (0.001)

	
2.12, 1.22–3.69 (0.008)




	
   Girls

	
0.88, 0.45–1.73 (0.705) [0.002]

	
1.05, 0.52–2.12 (0.883) [<0.001]

	
0.87, 0.43–1.78 (0.702) [0.005]




	
Stratified by bedroom floor level




	
   1st–3rd floors

	
1.07, 0.59–1.95 (0.821)

	
0.95, 0.48–1.90 (0.884)

	
0.73, 0.36–1.49 (0.389)




	
   4th–6th floors

	
2.49, 1.36–4.58 (0.002)

	
2.77, 1.49–5.16 (0.001)

	
2.47, 1.31–4.68 (0.005)




	
   ≥7th floors

	
2.04, 0.61–6.79 (0.235) [0.002]

	
3.62, 0.83–15.85 (0.088) [<0.001]

	
3.63, 0.83–15.87 (0.087) [0.002]




	
Stratified by bedroom ventilation habit (open the bedroom windows during night)




	
   Often

	
1.26, 0.75–2.10 (0.388)

	
1.47, 0.84–2.57 (0.178)

	
1.17, 0.66–2.08 (0.583)




	
   Not often

	
1.99, 1.08–3.69 (0.026) [0.008]

	
1.81, 0.94–3.50 (0.076) [0.016]

	
1.60, 0.81–3.16 (0.172) [0.068]




	
4. Ground car park in the residential community (yes vs. no)




	
Stratified by the child’s sex




	
   Boys

	
1.46, 1.21–1.77 (<0.001)

	
1.26, 1.03–1.54 (0.022)

	
1.22, 1.01–1.49 (0.044)




	
   Girls

	
1.39, 1.16–1.66 (<0.001) [<0.001]

	
1.22, 1.01–1.48 (0.040) [0.007]

	
1.21, 0.98–1.49 (0.075) [0.022]




	
Stratified by bedroom floor level




	
   1st–3rd floors

	
1.48, 1.23–1.77 (<0.001)

	
1.34, 1.10–1.63 (0.003)

	
1.25, 1.02–1.53 (0.035)




	
   4th–6th floors

	
1.22, 0.98–1.52 (0.075)

	
1.05, 0.83–1.33 (0.679)

	
1.12, 0.88–1.43 (0.344)




	
   ≥7th floors

	
1.29, 0.84–1.99 (0.250) [0.013]

	
1.09, 0.68–1.75 (0.718) [0.293]

	
1.08, 0.68–1.74 (0.735) [0.330]




	
Stratified by bedroom ventilation habit (open the bedroom windows during night)




	
   Often

	
1.31, 1.12–1.52 (0.001)

	
1.16, 0.98–1.37 (0.079)

	
1.14, 0.96–1.35 (0.127)




	
   Not often

	
1.71, 1.34–2.18 (<0.001) [0.017]

	
1.38, 1.06–1.80 (0.016) [0.042]

	
1.38, 1.06–1.81 (0.018) [0.035]








a OR: odds ratio; CI: confidence interval; Bold indicates significance (p-value < 0.05). b Multivariate logistic regression analyses with adjustment for the child’s sex (excluded when the subgroups were stratified by the child’s sex), age, residence-located area, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime. c Two-level (kindergarten-child) logistic regression analyses with adjustment for the child’s sex (excluded when the subgroups were stratified by the child’s sex), age, family history of atopy, residence ownership, breastfeeding duration, household dampness-related exposures, household ETS, and household renovation during early lifetime.
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