Early childhood traffic-related air pollution, boys, parental allergy, stressful family events, and risk of allergic rhinitis at 4 years of age in Shenyang, China: a case-control study
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Purpose: We aimed to evaluate whether early TRAP exposure is associated with the development of AR during preschool years, stratified by sex, parental allergy, or stressful family events.   
Methods: A nested case-control study including 398 was conducted in Shenyang. TRAP exposure in early childhood was estimated by nitrogen oxides (NOx) air dispersion modeling. We used multinomial logistic regression models to assess the association between early TRAP exposure and preschool children AR, stratified by potential confounders including sex, parental allergy, or stressful family events.   

Results: Life-time prevalence of AR in children aged 4 years (6.4%) was associated with TRAP exposure during early children, with an increased odds ratio (OR) [adjusted OR=2.18; 95% confidence interval (CI),1.35 to 3.52] for an interquartile range (38 μg/m3) increase in NOx levels. A relative risk for AR of of 1.88 (95% CI, 1.26 to 2.81) with boys, of 1.91 (95% CI, 1.28 to 2.85) among with eczema during the first year, of 2.94 (95% CI, 1.77 to 4.87) with parents allergy, of 4.14 (95% CI, 2.65 to 6.49) with stressful family events, was also observed. TRAP exposure was significantly associated with AR in preschool children who are boys (adjusted OR=2.13; 95% CI, 1.31 to 3.45), with parental having allergy (adjusted OR=2.06, 95% CI, 1.27 to 3.36), and a history of stressful family events (adjusted OR=1.94, 95% CI, 1.18 to 3.20).

Conclusions: Early childhood TRAP exposure, boys, parental allergy, stressful family events may contribute to AR in children at 4 years of age. 
Keywords: air pollution; allergic rhinitis; preschool children 
1.  Introduction

The overall prevalence of pediatric allergic disease remains very high (Azad et al., 2016), and the prevalence of very high levels of allergic rhinitis (AR) for age in children is still rising (Mastrorilli et al., 2016), especially in developing countries (Hu et al., 2017). Because AR does not pose a serious risk and the expression of AR in preschool children is not clear, pediatric AR is easy to be ignored in China (Deng et al., 2016a). If pediatric AR continues to develop, it will induce more serious complications in both upper and lower airways, including asthma and sinusitis (Bousquet et al., 2001), which will strongly affect children's physical and social activities (Ng and Wang 2015). 

As a nasal eosinophilic inflammation arising from the IgE-sensitization aeroallergens, AR is associated with both genetic and environmental risk factors (Greiner et al., 2011). Because the rapid increase in prevalence of pediatric AR is unlikely to be attributable to genetic changes only, environmental factors largely contribute to the development and aggravation of AR in China over the past decade (Deng et al., 2016a). Recent decade has shown a change air pollution profile in Chinese urban areas, with motor vehicle traffic emissions now as a major source of air pollution (Kan et al., 2012). Nitrogen oxides was used as an indicator of traffic emissions (Kan et al., 2012; Lu et al., 2019). A cohort study showed traffic-related air pollution (TRAP) exposure during pregnancy and the first year of life was associated with the later development of AR in preschool children (Deng et al., 2016a). Also, a case-control study showed living <75 meters from main road increased lifetime diagnoses and symptoms of AR in between 6 and 14 years of age (Jung et al., 2015). However, other epidemiologic studies revealed no significant association of TRAP exposure in early years of life with AR prevalence in between 1 and 12 years of age (Rancière et al., 2017; Yi et al., 2017; Minet al., 2020). These inconsistencies in epidemiologic findings are mainly attributable to variability in the assessment of TRAP exposure and the classification of included subgroups (Brauer 2010; Yi et al., 2017; Minet al., 2020) .  

These studies assessed TRAP exposure by using traffic measures or by modeling air pollutant concentrations, and most studies only considered the home address at birth (Jung et al., 2015; Deng et al., 2016a; Yi et al., 2017; Minet al., 2020). Nitrogen oxides was used as an indicator of traffic emissions (Kan 2012), especially in China urban areas (Lu et al., 2019). Furthermore, these studies included children with difference in age ranges from 1 to 12 years of age, rarely included narrow subgroups (Jung et al., 2015; Deng et al., 2016a; Yi et al., 2017; Minet al., 2020). Early childhood is a sensitive period owing to rapid development and maturation of the respiratory and immune systems. The children during early life are vulnerable to health risks from TRAP (Sacks et al., 2011, Bowatte et al., 2015). Especially, the effect modifiers including stressful family events, parental history of allergy, and male sex, conferred an increased risk of asthma onset and persistent wheezing at 4 years of age after early childhood TRAP exposure (Rancière et al., 2017). Our preliminary model showed acceleration of eczema during the first year, stressful family events, parental history of allergy, and male sex and risk of AR in early childhood. However, no study has reported whether these factors could increase the risk of AR caused by TRAP exposure. In the current study, we tracked the association between TRAP exposure in early life and AR during the preschool years, and investigated whether preschool children are vulnerable to develop AR during early-life TRAP exposure, focusing on heredity, stress, and sex.

2.  Methods

2.1.  Study design and participants 

We conducted a nested case-control study of the association between TRAP exposure and AR among preschool children aged 4 years in Shenyang city, China. All protocols were approved by the ethical standards of the Responsible Committee on Human Experimentation of China Medical University. Briefly, the primary data were collected from one cohort study for pregnant women at First Affiliated Hospital of China Medical University, Shenyang, China, from April 2013 to September 2014. This birth cohort included single-birth, full-term newborns, without malformation, and excluded infants whose mothers were less than 20 years of age, had alcohol or drug addiction. 

We invited 5706 mothers and their 4 years-old children to participate in the AR study, from 2017 to 2018. Owing to the concentration of TRAP possibly decreases as building height increases (Leuzzi and Monti 1998), we excluded children living on the 4th floor (height of about 8 m from the ground) or higher (Yi et al., 2017). Taking into account the significant different places (home and kindergarten) when children were three years of age, we excluded children whose home is over 400 meters away from kindergarten. So, a total of 3047 mothers send postal questionnaires to us and agreed to their children be assessed by otolaryngologists from First Affiliated Hospital. 

These parents provided information on the occurrence in the previous year of rhinitis symptoms (“In the last 12 months, has your child had a problem with sneezing, or a runny or blocked nose without a cold or the flu?”) (Asher et al., 1995) and current treatment by using a modified Chinese version of The International Study of Allergic Rhinitis in Childhood standardized questionnaires, and other socioeconomic factors. AR is an inflammatory response mediated by IgE, which is characterized by one or more of the following nasal symptoms: runny nose, stuffy nose, itchy nose and sneezing (Yang et al., 2011; Andiappan et al., 2013). Cases included these children with AR diagnosed by otolaryngologists and health staffs. We used the prevalence of current rhinitis symptoms as main outcome because of some factors confounding the effect of TRAP exposure (Claudio et al., 2006). After estimation of sample size, we recruited 194 children with AR as cases in this study, and 204 children without allergic disease (including asthma, AR, atopic dermatitis, and allergic conjunctivitis) were selected as controls. 

2.2. Estimation of sample size  

Based on the formula describing estimation of sample size for case-controls studies, we estimated that a random sample size is 189 for cases and controls, respectively.
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p0: TRAP exposure rate in the population of controls

OR: The prevalence odds ratio of TRAP exposure
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α = 0.05, β = 0.10, u0.05/2 = 1.96, u0.1 = 1.28

p0 = 0.31 (Ye et al., 2004), OR = 1.93 (Deng et al., 2016)
2.3.  TRAP exposure

We selected nitrogen oxides [NOx = nitrogen monoxide (NO)+NO2] to represent traffic related air pollutants in Shenyang. We obtained the average ambient concentrations of NOx from 9 municipal air pollution monitoring stations from Shenyang Climate Center. The measurement was performed as the standard method (the chemiluminescent method: ML/EC9841B, Ecotech, Australia) set by Ministry of Ecology and Environment of China. Based on land use regression (LUR) models (Lee et al., 2014), we estimated temporally-adjusted spatial estimates of TRAP concentrations. By temporally adjusting (ratio method) the LUR spatial estimates as described elsewhere (Deng et al.,2015), we predict the ambient NOx levels at the geocoded home address of each child for the periods between lifelong exposure) and prospective exposure. Briefly,we calculated each child’s exposure in terms of NOx concentrations at his/her home. We calculated the average daily concentration at each home by the obtained daily concentrations from the nearest 5 monitoring stations, then computed the monthly mean NOx concentrations as the averages of the daily concentrations at home within each month.

2.4.  Family and home characteristics. 

By questioned the mother (Rancière et al. 2013), we collected child characteristics (sex, birth weight, eczema during the first year, and mode of feeding in the first year), parental characteristics (mode of delivery, parental history of allergy: at least one parent with a history of AR, and active and passive smoking), and family socioeconomic status (address: suburbs or inner city, pets, furniture, redecoration and stressful family). 
2.5.  Statistical analysis

We used Chi-square test to compare the frequencies of baseline characteristics to the allergy status of children between cases and controls, used two-sample t-test to compare the values of birth weights of children between two groups, and used univariable logistic regression to assess the associations among the covariates with the increasing risk of AR. The association of early-life TRAP exposure with AR was assessed using logistic regression adjusted for the relevant variables. If covariates showed statistically significant associations (p < 0.05) with risk of AR, or changed adjusted odds ratios (aOR) by more than 10%, covariates were selected for inclusion in the multivariable logistic regression analysis. The associations between NOx and AR were expressed as aOR and 95% confidence intervals (95% CI) associated with an interquartile rang increase in NOx. To assessed possible effect measure modification by parental history of allergy, stressful family events, and sex, we tested multiplicative interactions by using an alpha of 0.2. Data were analyzed with the use of SPSS software for Windows, version 20.0 (IBM SPSS, Inc., Chicago, IL). 

3.  Results

3.1.  Participants

Table 1 showed 3,047 children had information about TRAP exposure, natural history and clinical diagnosis. Forty percent of the children was not included due to their home floor or distance to kindergarten. Compared with children not included, parents of 3,047 children included in the study were more likely to have AR history. Moreover, 71.0% of children included lived in the city (TRAP exposure). There were no statistical differences in the other demographic variables between children not included and children included. 

3.1.  NOx  levels
We used NO2 equivalent to express levels of early NOx exposure (Fanny 2017). In Shenyang (capital of Liaoning province), NOx ranged from 42 to 213 μg/m3, with a median (IQR) of 140 (116–164) μg/m3. TRAP exposure levels were significantly higher in the inner city than in the suburbs, with a median (IQR) of 172 (151–199) μg/m3 and 96 (73–123) μg/m3 NO2 equivalent, respectively (p = 0.001).

3.2.  Main Results
Table 2 showed the distribution of sociodemographic and prenatal characteristics of 194 AR cases and 204 healthy controls. The percentage of physician-diagnosed AR were 6.4% among children aged 4 years in the study. Between cases and controls, there were statistical differences in the following distribution of characteristics, respectively: percentage of boys (64% Vs 49%), NOx exposure (83% Vs 69%), eczema during the first year (57% Vs 41%), parental allergy (31% Vs 13%), stressful family (50% Vs 19%). Other variables were evenly distributed between cases and controls. Overall, there was a relative risk for AR of 2.18 (95% CI, 1.35 to 3.52) among children who were in early TRAP exposure, of 1.88 (95% CI, 1.26 to 2.81) among boys, of 1.91 (95% CI, 1.28 to 2.85) among children who had eczema during the first year, of 2.94 (95% CI, 1.77 to 4.87) among children whose parents had allergy, of 4.14 (95% CI, 2.65 to 6.49) among children who were in stressful family. There was no significant association of AR with other variables in the study. 

Table 3 showed the adjusted associations of TRAP exposure with AR appeared to be modified by sex, parental history of allergy and stressful family events. TRAP exposure was significantly associated with AR of 2.13 (95% CI, 1.31 to 3.45) among boys but not girls, though interactions were not significant (interaction p > 0.2). Moreover, TRAP exposure was positively associated with AR 2.06 (95% CI, 1.27 to 3.36) among children whose parents reported a history of allergy, but not in children whose parents did not have a history of allergy (interaction p > 0.2). The association also was positive between TRAP exposure and AR 1.94 (95% CI, 1.18 to 3.20) among children with a history of stressful family events, but not among children without a history of stressful family events (interaction p > 0.2).
4. Discussion

In this nested case-control study, we found that TRAP exposure was positively associated with AR at 4 years of age. We were also interested in ascertaining whether TRAP exposure are more vulnerable to impair the respiratory and immune system of preschool children who are boys, with parental history of allergy, and who experienced stressful family events. Unfortunately, we did not find evidence that effect modification between these factors (including boys, parental allergy and stress) and TRAP exposure on the development of AR, although we also provided the positive associations between these factors and AR in preschool children, respectively. Thus, future studies require larger sample sizes to have sufficient statistical power to detect a significant interaction.
Because early childhood is the critical period for the development of lung and immune system (Dietert et al., 2000, Sacks et al., 2011, Bowatte et al., 2015), we chose early postnatal life as observed windows of TRAP exposure. The impact of TRAP on AR development appears stronger for exposure during the third trimester of pregnancy and the first-year of life than for exposure later (Deng et al., 2016b), and TRAP exposure occurring in early life has been linked to later AR manifestation (Rancière et al.,2017). However, we focused on postnatal exposure before possible AR diagnosis from first to fourth years, owing to later exposure after the first-year of life also contributing to the associations between risk factors and AR (Rancière et al.,2017). 

Regarding indicators of early TRAP exposure, we used an air dispersion model to estimate individual exposure to NOx levels. As an incomplete combustion inside motor engines from traffic, NOx primarily contains NO2 and NO (Bowatte et al., 2015). AR is an inflammation of the nasal airways, and NO2 has a direct proinflammatory effect on children’s sensitive airway (Peden 1993). TRAP continues to increase with growth in number of motor vehicles in China (Kan et al., 2012). In Shenyang of China, a median [IQR:140 (116-164) μg/m3] of early exposure to NOx was higher than IQR 75 (66-89) μg/m3 in Pairs of French. Thus our findings may be not well-suited for reflecting the integrated population from developed countries in North America and parts of Europe. To the more precise estimation of actual NOx level of exposure, we modeled NOx levels at the front windows of each building, and selected children who lived below the 4th floor, owing to decrease in TRAP exposure with increase in building height (Leuzzi and Monti 1998). To reduce misclassification in TRAP exposure, we collected each child who did not change home address during observed period and whose home was close to the kindergarten, even who did not attend kindergarten. In addition, we adjusted statistical models for variables about other sources of children’s exposure to NOx, including tobacco smoke at home. 
Although a birth cohort study suggests that these risk factors (including sex, parental allergy and stress) 

may modify the relationship of early TRAP exposure with asthma and all persistent respiratory symptoms 

in preschool or school children (Rancière et al., 2017), our findings didn’t show that certain subgroups of children with TRAP exposure were more likely to occurrence of AR. We only found the independent effects of factors (including boys, parental allergy and stress) on AR development in preschool children.

First, we found acceleration of stress in early childhood was associated with a risk of AR in preschool children. The meta-analysis reports that prenatal maternal psychosocial stress increases risk of asthma and allergy in the offspring by sustained cortisol secretion leading to dominant T helper 2 (Th2)-biased cell differentiation in the foetus (Flanigan et al., 2018), and leading to a shift of the Th1/Th2 balance in the immune system (Wright and Brunst 2011). On the other hand, Children with AR have systemically elevated oxidative stress, and systemically elevated plasma total antioxidant status levels (Emin et al., 2012). Thus, stress can disrupt the immune response and may potentially increased TRAP hazards owing to similar pathogenesis involving oxidative stress and inflammation (Wright 2011). However, in Chinese preschool children, the psychosocial stress from family has been rarely considered (He and Yin 2016). This is mainly because preschool children are unable or unwilling to express their feelings to their parents in traditional Chinese families. But parental stress can impair entire family environments, and then repress psychosocial function of preschool child (Ye et al., 2017). 

Second, previous studies have suggested that atopic children exposed TRAP may be more susceptible to occurrence of asthma and allergy than nonatopic children (Nordling et al., 2008; Dell et al., 2014). However, we only found that acceleration of parental allergy was associated with a risk of AR in preschool children. To avoid multi-collinearity, we used step-by-step screening method to screen the explanatory variable (eczema during the first year). So, parental allergy and eczema during the first year may produce multi-collinearity. This may explain the effects of gene on AR in preschool children. Interestingly, recent a case-control study show an effect modification between CAT gene and exposure to mold odor on the development of AR in children, but don’t show an association between CAT gene promoter polymorphisms and AR (Chen et al.,2017), whereas in their study, a large sample size including 800 children is enough to evaluate independent and combined effects of gene and environmental factors on AR development.  
Third, previous studies have reported that sex differences in the associations between TRAP exposure and respiratory symptoms, but their results are inconsistent. 
For instance, a French birth cohort study showed a positive association between traffic-NOx and persistent wheezing at 4 years in boys but not girls (Rancière et al., 2017), whereas, a Sweden study showed a positive association between traffic-NOx and persistent wheezing at 4 years in girls but not in boys (Nordling et al., 2008). Moreover, a meta-analysis across five birth cohorts showed a positive association between PM2.5 exposure at birth address and asthma at 4-5 years in boys but not in girls (Mölter et al., 2015). The gender difference is due to the earlier appearance of pulmonary surfactant in female newborns, and the narrower respiratory tract in young males than in young females from the prenatal period through the first years of life (Carey et al., 2007). A similar cohort study in China has reported an interaction between boys and TRAP exposure in AR at 3-6 years, whereas in our study, no interaction between sex and TRAP exposure in AR at 4 years of age, owing to different classification in subgroup children.
In conclusion, in this current population-based study, we found that TRAP exposure during early childhood was a risk factor of AR at 4 years of age. Also, boys, parental history of allergy and stressful family events were risk factors of AR in preschool children. However, these risk factors may not increase the susceptibility of preschool children to the respiratory effect of early childhood TRAP exposure as associated with AR.   
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Table 1.  Baseline characteristics of children included (n =3,047) and not included (n = 2,659) 
	Baseline characteristics
	Included n (%)
	Not included n (%)
	p-Value

	Male sex
	1569 (51.5)
	1377 (51.8)
	0.79

	Birth weight
	3.45 ± 0.43
	3.45 ± 0.47
	0.83

	Residence in city
	2163 (71.0)
	1808 (68.0)
	0.46

	Environmental smoke
	 768 (25.2)
	 723 (27.2)
	0.61

	Caesarean  
	2142 (70.3)
	1840 (70.4)
	0.95

	Formula-feeding
	 985 (32.6)
	863 (33.1)
	0.64

	Parental allergy 
	 703 (23.1)
	 361 (13.8)
	0.01

	Pets
	 693 (23.0)
	 606 (23.2)
	0.92

	House redecoration
	250 (8.4)
	195 (7.7)
	0.75

	Stressful family
	605 (20.3)
	 541 (21.1)
	0.68


Total numbers may not be equal to 3,047 and 2,659 for some characteristics due to missing data.
Table 2. Characteristics of children with or without allergic rhinitis (n = 398) in Shenyang, China
	Characteristicsa
	Cases (n = 194), n (%)
	Controls (n = 204), n (%)
	Crude Odds Ratio (95% CI)
	χ2
	p-Value

	Sex
	
	
	
	
	

	Girls  

Boys
	 70 (36.1)

124 (63.9)
	105 (51.5)

 99 (48.5)
	reference
1.880 (1.258, 2.809)
	9.557
	0.002

	Birth weight
	3.53 ± 0.59
	3.40 ± 0.67
	-
	-
	0.844

	TRAP exposure
	
	
	
	
	

	NOx < 140 μg/m3  (suburbs)
	33 (17.0)
	63 (30.9)
	reference
	10.455
	0.001

	NOx ≥ 140 μg/m3  (inner city)
	161 (83.0)
	141 (69.1)
	2.180 (1.352, 3.516 )
	
	

	Environmental tobacco smoke at home
	
	
	
	
	

	  No 
	142 (73.2)
	156 (76.5)
	reference
	0.567
	0.452

	  Yes
	52 (26.8)
	48 (23.5)
	1.190 (0.756, 1.873)
	
	

	Mode of delivery  
	
	
	
	
	

	 Vaginal delivery
	58 (29.9)
	 60 (29.4)
	reference
	0.011
	0.916

	Elective caesarean section
	136 (70.1)
	144 (70.6)
	0.977 (0.635, 1.502)
	
	

	Mode of Feeding in the first year
	
	
	
	
	

	Breast-feeding 
	129 (66.5)
	138(67.6)
	reference
	0.060
	0.807

	Formula-feeding
	65 (33.5)
	66(32.4)
	1.054 (0.693, 1.601)
	
	

	Eczema during the first year 
	
	
	
	
	

	 No
	83(42.8)
	120(58.8)
	reference
	10.238
	0.001

	 Yes
	111(57.2)
	84(41.2)
	1.910 (1.283, 2.845)
	
	

	Parental history of allergy 
	
	
	
	
	

	 No
	134 (69.1)
	177 (86.8)
	reference
	18.223
	0.000

	 Yes
	60 (30.9)
	27 (13.2)
	2.935 (1.769, 4.872)
	
	

	Furry/feathery pets
	
	
	
	
	

	 No
	150 (77.3)
	156 (76.5)
	reference
	0.040
	0.841

	 Yes
	 44 (22.7)
	 48 (23.5)
	0.953 (0.598, 1.520)
	
	

	New furniture after birth
	
	
	
	
	

	 No
	98 (50.5)
	108 (52.9)
	reference
	0.234
	0.628

	 Yes
	96 (49.5)
	 96 (47.1)
	1.102 (0.744, 1.633)
	
	

	House redecoration during the past year
	
	
	
	
	

	 No
	171 (88.1)
	189 (92.6)
	reference
	2.334
	0.127

	 Yes
	 23 (11.9)
	15 (7.4)
	1.695 (0.856, 3.354)
	
	

	Stressful family events during the first 2 yearsb
	
	
	
	
	

	 No
	98 (50.5)
	165 (80.9)
	reference
	40.910
	0.000

	 Yes
	194 (49.5)
	 39 (19.1)
	4.144 (2.647, 6.489)
	
	


Notes: TRAP, traffic-related air pollution.
Data are shown as n (%) or mean ± SD.

a Characteristics are at birth unless otherwise specified.

b Among parental separation/divorce, parental loss of job, serious health problem, or death of a family member or close relative.

Table 3. Association (adjusted odds ratios and 95% confidence interval) of allergic rhinitis with traffic-related air pollution exposure among children of Shenyang city, according to the child’s sex, parental history of allergy and stressful family events.

	
	
	Allergic Rhinitis
	

	
	n
	Adjusted Odds Ratio (95% CI)
	P for interaction

	Sex
	
	
	0.500

	 Girls
	175
	reference
	

	 Boys
	223
	2.130 (1.314, 3.453)**
	

	Parental history of allergya
	
	
	0.841

	 No
	311
	reference
	

	 Yes
	 87
	2.063 (1.267, 3.358)**
	

	Stressful family eventsb
	
	
	0.804

	 No
	263
	reference
	

	 Yes
	135
	1.942 (1.177, 3.204)**
	


Notes: aOR, adjusted odds ratio; CI, confidence interval; TRAP, traffic-related air pollution. Odds ratios are calculated for an interquartile range (26 μg/m3 NO2 equivalent) increase in average NOx levels during the first year of life. The categorical outcomes were modeled using binomial logistic regression models. Models were adjusted for sex, parental history of allergy and stressful family events, except for the stratification variables.
a Among asthma, allergic rhinitis, and eczema in the mother and/or the father.

b Among parental separation or divorce, parental loss of job, serious health problem, or death of a family member or close relative during the child’s first 2 years of life.

** p < 0.01. 

