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Take Home Message: 

We found that exposure to total oxidants at birth increased the risk of developing asthma by 17% 

and eczema by 7%. Therefore, adverse impacts of exposure to air pollutants, particularly ozone 

and nitrogen dioxide, may have their origins in early life. 

 

 

  



ABSTRACT 
 

Rationale: There is growing evidence that air pollution may contribute to the development of 

childhood asthma and other allergic diseases. In this follow-up of the Toronto Child Health 

Evaluation Questionnaire (T-CHEQ) study, we examined associations between early life 

exposures to air pollution and incidence of asthma, allergic rhinitis and eczema from birth 

through adolescence. 

Methods: 1,286 T-CHEQ participants were followed from birth until outcome, March 31, 2016, 

or loss-to-follow-up with a mean of 17 years of follow-up. Concentrations of NO2, O3 and PM2.5 

from January 1, 1999, to December 31, 2012 were assigned to participants based on their postal 

codes at birth using ground observations, chemical/meteorological models, remote sensing and 

land use regression (LUR) models. Study outcomes included incidence of physician-diagnosed 

asthma, allergic rhinitis and eczema. Cox proportional hazard regression models were used to 

estimate hazard ratios (HR) per interquartile range of exposures and outcomes, adjusting for 

potential confounders.  

Results: HRs of 1.17 (95%CI: 1.05, 1.31) for asthma and 1.07 (95%CI: 0.99, 1.15) for eczema 

were observed for total oxidants (O3 and NO2) at birth. No significant increase in risk was found 

for PM2.5. 

Conclusion: Exposures to oxidant air pollutants (O3 and NO2), but not PM2.5 were associated 

with an increased risk of incident asthma and eczema in children. This suggests that improving 

air quality may contribute to the prevention of asthma and other allergic disease in childhood and 

adolescence. 
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Introduction 

Earlier studies have shown that immunological development and maturation starts during 

pregnancy and continues during early childhood [1]. Health risks from exposures at birth may 

serve as a surrogate indicator of exposures throughout pregnancy. Exposures during the first 3 

years of life represent a critical period of immune development that may modify immune 

responses and cells, and thus influence the risk of allergies and other immune diseases later in 

life. Recent systematic reviews by Bowatte et al and Khreis et al suggested that childhood 

exposure to traffic-related air pollution (TRAP) contributes to the development of asthma [2, 3]. 

Assessing exposures both at birth and during early life is therefore important.  

 

While a number of studies have examined the longitudinal association between childhood air 

pollution exposure and incidence of asthma or other allergic diseases [3-8], few have 

investigated this association into late adolescence. Furthermore, fewer have examined 

independent or concurrent associations with other environmental exposures such as greenness 

[9]. Thus, a gap in evidence exists on longitudinal studies of how air pollution may affect the 

development and persistence of new and prevalent cases of asthma and other allergic conditions 

(such as allergic rhinitis and eczema) in the adolescent population.  

 

The Toronto Child Health Evaluation Questionnaire (T-CHEQ) study established a population-

based cohort of 5,619 grades one and two (aged 5 to 9 years) Toronto school children in 2006 

using modified International Study of Asthma and Allergies in Childhood (ISAAC) methodology 

[10]. Parent-reported lifetime asthma prevalence in this population of Toronto children was high 



(16.1%) [10]. This study reported that NO2, a surrogate measure of traffic-related air pollution 

(TRAP) exposure was associated with the development and persistence of asthma in early 

childhood [11, 12]. In the 2006 T-CHEQ survey, participants were asked to provide 

permission/consent to use their unique Health Card Number (HCN) for data linkage in future 

research. The consented T-CHEQ participants who were born in Ontario were linked to the 

Ontario population-based health administrative databases. It has been suggested O3 and NO2 can 

trigger an oxidative stress process in the lungs which can lead to cell death, inflammation, injury 

and loss of function [13]. Therefore, in addition to measuring the associations between individual 

air pollutant and disease risks, our current study also estimated the impact of these pollutants 

together as total oxidants. With this linked birth cohort, we aimed 1) to determine the incidence 

of asthma and other common allergic conditions (allergic rhinitis, eczema) in children through 

prospective follow-up from birth to adolescence, and 2) to examine the associations between air 

pollution and incidence of asthma and other allergic diseases.  

 

Methods 

Study population and data linkage (online S4) 

The original T-CHEQ study included 5,619 grade 1 and 2 school children aged 5-9 years who 

were recruited in 2006 from 283 randomly sampled public schools in Toronto, Canada to 

participate in the survey. About half of the T-CHEQ participants (n=2,735, 48.7%) gave consent 

to use their unique HCN for future data linkage and 1,286 of them were born in Ontario, were 

successfully linked to the Ontario Registered Persons Database housed at the Institute for 

Clinical Evaluative Sciences (ICES) and had complete data on all covariates. These children 

made up the T-CHEQ birth cohort for this study.  



 

 

Measures 

Outcome measures: Children and youths were classified as having incident asthma by 

International Classification of Disease codes (ICD-9: 493 and ICD-10: J45, J46) if they had: ≥ 1 

asthma hospital admission or ≥ 2 asthma Ontario Health Insurance Plan (OHIP) claims for 

physician services in 2 consecutive years (where the first claim is considered the diagnosis date). 

This case definition has been validated with 84% sensitivity and 76% specificity [14]. Allergic 

rhinitis (ICD-9: 477 and ICD-10: J301-J304) and eczema (ICD-9: 691.8 and ICD-10: L20) were 

identified by any physician health services claim for these conditions by their respective ICD 

codes. With the unique HCN, the T-CHEQ participants who met the inclusion criteria were 

traced back to their birth records to recreate the birth cohort for this study. All children in this 

study were followed prospectively from birth to their index date of outcomes of interest, death, 

end-of-study or loss-to-follow-up. The health administrative databases used in this study 

included the National Ambulatory Care Reporting System (emergency department visits), 

Canadian Institute for Health Information Discharge Abstract Database (hospital admissions), 

and the Ontario Health Insurance Plan Claims Database (physician outpatient claims), to capture 

health services use.  

 

Air pollution exposures (online S1): The Ontario Registered Persons Database (RPDB) was used 

to compile the history of residential address of the birth cohort from birth to the end of the study. 

Given the peak incidence of asthma and other allergic disease in early childhood [15], we 

focused on air pollution exposures at baseline (birth) and early life (0 to 3 years of age). The 



exposures in the first 3 years of life were calculated based on all reported addresses during the 

first 3 years of life. a) Pollutants - PM2.5 exposures were derived from total column aerosol depth 

retrievals from the Moderate Resolution Imaging Spectroradiometer (MODIS) that were related 

to near-surface PM2.5 using the GEOS-Chem chemical transport model and adjusted with local 

ground-based observations through geographically weighted regression [16]. NO2 exposures 

were estimated from a temporally adjusted national land use regression model that combined 

National Air Pollution Surveillance (NAPS) fixed-site monitoring data, satellite NO2 estimates, 

road length within 10 km, industrial land use areas within various buffers, and summer rainfall 

[17]. Ozone exposures were estimated for the months of May to October (8 hour daily 

maximum) using a temporally adjusted model combining modeled O3 from the Canadian 

Hemispheric Regional Ozone and NOx system (CHRONOS) operational regional air quality 

forecast model [18] with ground-based observations from monitors in Canada and the United 

States [19]. In addition to individual pollutants, we also employed total oxidants = 

[(1.07*NO2)+(2.075*O3)]/3.145 as a composite measure, with pollutant weights equivalent to 

their respective redox potentials [20]. Exposure surface concentrations of air pollution were then 

assigned to participants using the centroids of their postal codes at birth and cumulated from 

birth onwards. The PM2.5 estimates showed good agreement (R
2
=0.82) with monitors over North 

America, the NO2 LUR model explained 74% of the variability in fixed-site monitoring 

concentrations and 43% of within-city NO2 concentrations from an independent dataset 

measured using OGAWA passive samplers in 7 Canadian cities [17]. b) Greenness - The 

Normalized Difference Vegetation Index (NDVI) Landsat Time Series was used to measure 

greenness (15-19). Annual NDVI metrics were linked to all 6-digit DMTI Spatial single postal 

code locations and surrounding areas within 100m [9]. NDVI values typically range from −1 to 



+1 where −1 represents water, zero corresponds to bare surfaces such as rock, sand, rooftops and 

roads and +1 represents healthy green vegetation [21]. The greenness data surfaces for Ontario 

from 1996 to 2015 were obtained from the CANadian Urban Environmental Health (CANUE) 

research consortium (https://canue.ca/).  

 

Covariates (online S2): There were three domains of covariates collected by the 2006 T-CHEQ 

survey: child, parental/demographics and home environmental factors. Child factors include: 

age, sex, low birth weight (<2500g), prematurity (<37 weeks gestation), breastfeeding and 

enrollment in childcare. Parental/demographic factors include: parental asthma and atopy, 

parental education level and income adequacy. Home environmental factors include: crowding 

(number of people living in household), home exposures during first year of life (damp spots, use 

of gas to cook or heat, exposure to environmental tobacco smoke (ETS), pets, cockroaches and 

mold in the home).  

 

Statistical Analysis 

The number and proportion of children who developed asthma, allergic rhinitis or eczema were 

stratified by child, parental/demographics and home environmental factors to compare children 

who developed these outcomes of interest to those who did not. Chi-squared tests were used to 

assess differences in proportions by group where a p-value of < 0.05 indicates a statistically 

significant difference. The relationship between outcomes of interest and exposure was examined 

using the Cox proportional hazards (PH) regression model. All hazard ratios (HR) were 

presented with 95% confidence intervals (CI), and were calculated per pollutant/NDVI 



interquartile range (IQR). The Cox PH regression models were repeated for exposures: at birth, 

averaged over the first 3 years of life, and by 3 health outcomes: asthma, allergic rhinitis and 

eczema. All three domains of covariates (child, parental/demographics and home environmental 

factors) were included in the multivariable Cox PH regression models to adjust for potential 

confounding. Plots of the Martingale-based residuals were examined to check for evidence of 

violation of the PH assumption [22]. Covariates that did not meet the PH assumption were 

removed from the regression model. None of the covariates kept in the final Cox models violated 

the PH assumption.   

 

We used the Moran’s I to measure the overall spatial autocorrelation and to test for clustering of 

exposures and cases. Our Moran’s Is on air pollutants and cases were all below 0.2 (close to 0) 

indicating no autocorrelation.  

 

We also modelled NO2 and O3 together as total oxidants and examined the hazards of PM2.5 and 

outcomes stratifying by tertile of total oxidants [23], an approach suggested by Weichenthal et al 

[23], which showed that PM2.5 were associated with mortality in the highest tertile of the HRs of 

oxidants but not in lower tertiles. All analyses were carried out using SAS Enterprise guide 6.1 

(SAS Institute Inc., Cary, NC).  

 

Ethics approval 

Ethics approval for this study was obtained from the Hospital for Sick Children and Health 

Canada Research Ethics Boards (Toronto and Ottawa, Ontario, Canada respectively). Individual 

informed study consent was received from each study participant’s parent or guardian at the time 



of participation in the T-CHEQ survey and permission was given for the HCN to be used for data 

linkage. 

 

Results 

1,286 children were linked to birth records and health administrative databases using their unique 

health card number. They were born between 1996 and 2001 and were followed to March 31, 

2016 for an average of 17 years. 

 

Descriptive Statistics 

Figure 1 shows that amongst the 1,286 children, 28.5% had asthma (N=366), 39.7% had allergic 

rhinitis (N=511) and 74.5% had eczema (N=958), while nearly 14% (N=177) had all three 

conditions. Only 2.3% had asthma alone (N=30) and 12.4% had asthma and either allergic 

rhinitis or eczema (N=159). Table 1 compares child, parent/demographic and home 

environmental factors amongst children who had asthma, allergic rhinitis and eczema to those 

who did not. A higher proportion of children with asthma compared to children who did not have 

asthma were born with low birthweight (9.0% versus 5.8%, p=0.035), were male (62.0% versus 

49.2%, p<0.001), were not breastfed (11.5% versus 6.4%, p=0.002), and had a parental history of 

asthma (28.7% versus 19.5%, p<0.001). On the other hand, a lower proportion of children with 

asthma had pets in their home in the first year of life (31.1 versus 38.0%, p=0.02). Similar 

patterns were observed comparing children with allergic rhinitis to those without and children 

with eczema to those without (Table 1). 



 

Mean levels of exposures 

Table 2 shows the mean distributions of exposures to pollutants and greenness at birth and 

averaged over the first 3 years of life. The levels did not differ significantly between those with 

versus without asthma, allergic rhinitis or eczema. Furthermore, the mean levels of pollutants at 

birth did not differ significantly from those averaged over the first 3 years of life. Table 3 shows 

correlations among exposures. O3 and NO2 at birth were strongly negatively correlated, while O3 

and PM2.5 at birth were moderately positively correlated and NO2 and PM2.5 at birth were weakly 

negatively correlated. With the exception of O3 and NO2, correlations were weaker based on 

exposures over the first 3 years. 

 

Hazard ratios from Cox regression models 

The results of single and multi-pollutant adjusted Cox PH regression models are shown in Table 

4 and Figure 2. All regression models were fully adjusted for child, parental/demographics and 

home environmental factors (detailed in the methods section). Exposure to O3 at birth was not 

associated with asthma, allergic rhinitis or eczema in single pollutant models, but a 1.2-fold 

higher risk of asthma (HR=1.22, 95% CI: 1.04, 1.43, Table 4) and allergic rhinitis (HR=1.15, 

95% CI: 1.00, 1.31, Table 4) per IQR was observed adjusting for NO2, PM2.5 and NDVI in the 

multi-pollutant model. Exposure to NO2 at birth was more strongly associated with asthma and 

eczema in a multi-pollutant model also including O3, PM2.5 and NDVI (HR=1.17, 95% CI: 1.05, 

1.31, and HR=1.07, 95% CI: 0.99, 1.15, respectively, Table 4). In multi-pollutant models, 

exposures to NO2 and O3 in the first 3 years of life showed a similar trend of increasing the risk 



of asthma, allergic rhinitis and eczema. Total oxidants (the weighted sum of NO2 and O3) were 

associated with asthma and eczema in both single (HR 1.14, 95% CI: 1.02, 1.28, and HR 1.07, 

95% CI: 1.00, 1.15 respectively, Table 4) and multi-pollutant models with PM2.5, NDVI and 

other covariates (HR 1.17, 95% CI: 1.05, 1.31, and HR 1.07, 95% CI: 0.99, 1.15 respectively, 

Table 4). We repeated the multi-pollutant regression model to examine the association stratified 

by age groups (onset of asthma ≤ 4 years old and > 4 years). Results from the age-stratified 

analysis (Table 5) showed that there was no difference in the HRs by age at onset. The HRs of 

PM2.5 and outcomes when stratified by tertile of total oxidants showed similar results with that of 

the multi-pollutant model of total oxidants and PM2.5 (online S3). Our results did not 

demonstrate a gradient effect of oxidants on PM2.5 and outcomes. 

 

Discussion  

This study represents the longest longitudinal study of the health of school-aged children in 

Canada with over 17 years of follow-up. The lifetime incidence of asthma in the T-CHEQ cohort 

(28.5%) was somewhat higher than our previous estimate using the same methods of case 

ascertainment of 22% by age 20 based on Ontario-wide data from 1996-2007 [15], which could 

be attributable to differences between the T-CHEQ cohort and the Ontario population. We found 

a 17% increase in risk of developing asthma and 8% increase in risk of allergic rhinitis for each 

IQR increase in exposure to total oxidants (O3 and NO2) at birth. Associations with O3 and NO2 

in single vs. multi-pollutant models were less stable than for total oxidants, probably because of 

their strong negative correlation. These findings are important because they examined the effects 

of early life exposures to air pollution and their subsequent influence on health throughout 

childhood to adolescence.  



 

Our study provides reliable exposure measurements as we compiled complete address histories 

from birth and assigned exposures according to residential address throughout those periods. Our 

results showed that the association of exposure and outcomes throughout early childhood is 

rather consistent. The point estimates of the HRs at birth and those at the first 3 years differed by 

less than 10% and the direction of the point estimates was consistent over time. The wider 95% 

CI of HRs at first 3 years could be partially attributable to a larger variance of exposures from 

year to year. 

 

Exposures to ambient air pollutants including O3, PM2.5 and NO2 have been associated with 

worsening lung function and asthma symptoms in children [24-27]. Respiratory viruses and air 

pollutants such as O3 target the airway epithelium specifically as a means of entry to the 

underlying airways, and when combined with an impaired ability to mount an anti-oxidant 

response, results in an already susceptible airway epithelium that is more easily damaged [28]. 

Wendt et al used data from Texas between 2005 and 2007, a large population at high risk for 

asthma, and living in an area with historically high O3 levels to study the risk of incident asthma 

and O3. Similar to our study, Wendt et al found a significant association of exposure to O3 and 

incident asthma in children [29]. 

 

Our birth cohort study did not find a positive association of early life exposure to PM2.5 and risks 

of developing childhood respiratory or allergic conditions. This lack of association might reflect 

weak or partially unresolved spatial gradients across the study area. Yang et al used the 

Netherland PIAMA (Prevention and Incidence of Asthma and Mite Allergy) birth cohort data to 



measure the associations of long-term exposure to oxidative potential (OP) with respiratory 

health in 3,701 children until they turned 12-14 years of age. Our risk estimates of exposure to 

NO2 and asthma and rhinitis are consistent with those Yang et al reported in the PIAMA birth 

cohort. They also did not find a significant association between respiratory health and PM2.5 mass 

[30].  

 

Gehring et al used a combined cohort of 14,126 participants from four prospective birth cohort 

studies from Germany, Sweden, and the Netherlands to measure the longitudinal associations 

between exposure to air pollution and development of asthma and rhinoconjunctivitis throughout 

childhood and adolescence. This multiple birth cohort study found that the risk of incident 

asthma up to age 14 to 16 years increased with increasing exposure to NO2 and PM2.5 at the birth 

address and suggested that exposure to air pollution early in life might contribute to the 

development of asthma throughout childhood and adolescence [31]. Their estimates of risk of 

asthma and NO2 are consistent with our findings.  

 

Bowatte et al conducted a systematic review and meta-analysis that included 19 studies, 11 of 

which were birth cohort studies, from the late 1990s to 2014. While there was a wide variability 

in the ORs across studies, the point estimates of NO2 at ages 1, 2, 3, 4 and 6 years were 

consistent with ours in the single-pollutant model [3]. The results of this study highlighted that 

early childhood exposure to TRAP from birth to 5 years of age was associated with new onset of 

asthma throughout childhood and there was evidence to suggest that TRAP exposure may have 

an ongoing effect with a lag time of about 3 years [3]. 

 



Khreis et al published a systematic review in 2017 and included 21 studies in their quantitative 

analyses. Our overall estimate of risk of NO2 and asthma was consistent with their finding that 

increase in exposure to NO2 in early childhood increases the risk of asthma [2]. However, while 

Khreis et al suggested an overall increase in risk of exposure to PM2.5 and asthma, we did not 

find an independent increase in risk of early life exposure to PM2.5 and asthma in our multi-

pollutant model [2]. The authors concluded that based on their meta-analysis, they supported the 

hypothesis that childhood exposure to TRAP contributes to the development of asthma [2].  

 

Recent studies suggested that residential greenness may play a role in the aetiology of allergic 

respiratory diseases. However, the literature has been inconsistent, with some reported protective 

effects [9, 32] and others suggesting that trees along roadsides can trap air pollution, decrease the 

air quality in the immediate vicinity [33] and therefore may pose a negative impact on health [32, 

34]. The recent systematic reviews and meta-analysis conducted by Lambert et al assessed the 

role of residential greenness on allergic respiratory diseases in children and adolescents [35, 36]. 

The results of the meta-analysis showed no significant overall association between residential 

greenness and asthma or allergic rhinitis. Similarly, our study did not find significant 

associations with exposure to residential greenness and allergic respiratory diseases.  

 

It is well established that short-term exposure to air pollution can decrease lung function, 

exacerbate asthma, increase the risk of respiratory infections, and contribute to hospitalization 

and mortality [37], and it has been reported that long-term exposure can lead to disease 

progression, such as from asthma to COPD (chronic obstructive pulmonary disease) [38, 39]. 

Meta-analyses of 18-41 primary studies have consistently reported significant positive pooled 



estimates of the association between NO2 and asthma prevalence and/or incidence, while 

associations with particulate matter were less consistent [2, 3, 5, 40]. A recent systematic review 

of ozone and asthma incidence reported that findings were inconsistent among 11 primary 

studies [41]. Our T-CHEQ Birth Cohort Study has a 17-year follow up which allowed us to study 

exposures to air pollution from birth and in early life and to quantify their long-term subsequent 

risks of development of common childhood respiratory and allergic conditions such as asthma, 

allergic rhinitis and eczema. Some studies have suggested that ozone depletes antioxidant 

activity and increases indications of inflammation in the respiratory tract fluid lining and affects 

lung growth [42, 43]. Short-term exposure to ozone can decrease lung function and increase the 

risk of respiratory infections in children. Children are at a higher risk because their lungs and 

other respiratory organs are smaller, and their immune, metabolism and detoxification systems 

are not well developed [44, 45]. Our observed elevated risks for asthma and allergic rhinitis 

associated with exposure to ozone, and eczema to nitrogen dioxide, imply that the adverse 

impact of exposure to air pollutants particularly to ozone and nitrogen dioxide may have their 

origins in early life. 

 

This study has several strengths, including the use of a birth cohort design with 17 years of 

follow-up with complete data on the residential history (home address) of every child. Data were 

linked to population health administrative databases to ascertain physician -diagnosed (instead of 

self- or parental-report) incidence of asthma, allergic rhinitis and eczema. The study is also 

strengthened by adjustment for a multitude of potential confounding risk factors including child 

and parental demographics and home environmental factors. Additionally, although survey 

questions in which respondents are asked to recall events/behaviours in the past may be subject 



to potential recall bias, recall bias did not seem to be substantial in this study. For example, none 

of the home environment variables in the first year of life were significantly different in 

prevalence between children with or without asthma or eczema. Despite these strengths, a few 

limitations should be noted. Firstly, exposures in this study were assigned based on 

concentrations of air pollution estimated for place of residence. Therefore, misclassification 

(over- or under-estimation) of exposures is possible. Despite the small sample size, the study has 

sufficient statistical power to detect the effects of NO2, O3 on asthma, O3 on allergic rhinitis and 

NO2 on eczema in the multi-pollutant and multi-covariate adjusted model. However, it is a 

limitation that we may not have sufficient statistical power to measure smaller effects of 

pollutants on some of the outcomes. Additionally, we did not have data on the incidence of 

conditions by month to permit analysis by seasons, or data to differentiate asthma types such as 

atopic and non-atopic asthma. Lastly, while we have adjusted for many potential confounding 

risk factors, residual confounding may still exist in relation to unmeasured confounders. Future 

research should explore spatiotemporal correlation between pollutants and how they may be 

influenced by meteorological factors such as wind speed and relative humidity. 

 

In conclusion, this birth cohort study adds evidence of associations between early life exposure 

to air pollutants and risks of major respiratory and allergic conditions in young children. 

Improving air quality and providing advice on reducing air pollution exposure especially to O3 

and NO2 may contribute to the prevention of asthma and other allergic disease in childhood and 

adolescence. 
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Abbreviations 

Acronym Definition 

AR allergic rhinitis 

CANUE Canadian Urban Environmental Health Research Consortium 

CI confidence interval 

COPD chronic obstructive pulmonary disease 

ETS environmental tobacco smoke  

FSA forward sortation area 

HCN health card number  

HR hazard ratio 

ICD International Classification of Diseases  

ICES Institute for Clinical Evaluative Sciences  



IQR interquartile range  

ISAAC International Study of Asthma and Allergies in Childhood  

LCI lower 95% confidence interval 

LUR land use regression 

MODIS Moderate Resolution Imaging Spectroradiometer 

NDVI normalized difference vegetation index 

NO2 nitrogen dioxide 

O3  Ozone 

OHIP Ontario Health Insurance Plan 

OP oxidative potential 

Ox Oxidant 

PH proportional hazard 

PIAMA Prevention and Incidence of Asthma and Mite Allergy 

PM2.5  particulate matter with a diameter of 2.5 μm 

PST postal code 

SD standard deviation 

T-CHEQ Toronto Child Health Evaluation Questionnaire  

TRAP traffic-related air pollution 

UCI upper 95% confidence interval 
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Table 1. Distribution of covariates by prevalence of asthma, allergic rhinitis and eczema in the study cohort 

 

Asthma Allergic Rhinitis Eczema

Covariates  With Without  With Without With Without

 N=366 N=920 p-value N=511 N=775 p-value N=958 N=328 p-value

Child Factors:

Sex Female 139 (38.0%) 467 (50.8%) <0.001 216 (42.3%) 390 (50.3%) 0.005 438 (45.7%) 168 (51.2%) 0.085

Male 227 (62.0%) 453 (49.2%)  295 (57.7%) 385 (49.7%) 520 (54.3%) 160 (48.8%)

Child age at survey Mean ± SD 6.70 ± 0.67 6.67 ± 0.63 0.383 6.67 ± 0.63 6.68 ± 0.65 0.825 6.69 ± 0.65 6.66 ± 0.62 0.462

Median (IQR) 7.00 (6.00-7.00) 7.00 (6.00-7.00) 0.498 7.00 (6.00-7.00) 7.00 (6.00-7.00) 0.915 7.00 (6.00-7.00) 7.00 (6.00-7.00) 0.578

Child age at asthma, AR or eczema Mean ± SD 3.33 ± 3.60 NA 6.31 ± 4.41 NA 2.89 ± 4.12 NA

Median (IQR) 2.00 (1.00-5.00) 5.00 (3.00-10.00) 1.00 (0.00-4.00)

Low birthweight (< 2500g)  33 (9.0%) 53 (5.8%) 0.006 33 (6.5%) 53 (6.8%) 0.789 68 (7.1%) 18 (5.5%) 0.314

37 (10.1%) 60 (6.5%) 0.028 38 (7.4%) 59 (7.6%) 0.907 77 (8.0%) 20 (6.1%) 0.251
 

Child breastfed  324 (88.5%) 861 (93.6%) 0.002 460 (90.0%) 725 (93.5%) 0.021 880 (91.9%) 305 (93.0%) 0.512
  

232 (63.4%) 629 (68.4%) 0.087 322 (63.0%) 539 (69.5%) 0.015 640 (66.8%) 221 (67.4%) 0.849
  

Mean ± SD 3.80 ± 3.61 17.00 ± 1.84 <0.001 6.79 ± 4.43 16.95 ± 2.00 <0.001 3.32 ± 4.17 16.85 ± 2.24 <0.001

Median (IQR) 2.42 (1.06-5.52) 17.22 (16.70-17.76) <0.001 5.98 (3.29-10.28) 17.20 (16.68-17.75) <0.001 1.42 (0.44-4.75) 17.22 (16.66-17.75) <0.001
 

Home Environmental Factors:

Mould in home first year of life  34 (9.3%) 65 (7.1%) 0.177 42 (8.2%) 57 (7.4%) 0.569 78 (8.1%) 21 (6.4%) 0.308
  

Roaches in home in first year of life  32 (8.7%) 59 (6.4%) 0.141 42 (8.2%) 49 (6.3%) 0.194 76 (7.9%) 15 (4.6%) 0.041
  

Gas cook/heat first year of life  261 (71.3%) 704 (76.5%) 0.051 357 (69.9%) 608 (78.5%) <0.001 707 (73.8%) 258 (78.7%) 0.079
 

ETS exposure in first year of life  32 (8.7%) 62 (6.7%) 0.213 36 (7.0%) 58 (7.5%) 0.767 74 (7.7%) 20 (6.1%) 0.329
 

Pets in home in the first year of life  114 (31.1%) 350 (38.0%) 0.02 159 (31.1%) 305 (39.4%) 0.003 337 (35.2%) 127 (38.7%) 0.249
  

Parental/Demographic Factors:

Income adequacy Lowest 37 (10.1%) 65 (7.1%) <0.001 51 (10.0%) 51 (6.6%) <0.001 88 (9.2%) 14 (4.3%) 0.006

Lower Middle 53 (14.5%) 98 (10.7%)  86 (16.8%) 65 (8.4%) 117 (12.2%) 34 (10.4%)

Upper Middle 93 (25.4%) 163 (17.7%)  94 (18.4%) 162 (20.9%) 197 (20.6%) 59 (18.0%)

Highest 183 (50.0%) 594 (64.6%)  280 (54.8%) 497 (64.1%) 556 (58.0%) 221 (67.4%)

Number of people in the household ≤3 50 (13.7%) 126 (13.7%) 0.997 79 (15.5%) 97 (12.5%) 0.076 138 (14.4%) 38 (11.6%) 0.433

4 186 (50.8%) 467 (50.8%)  256 (50.1%) 397 (51.2%) 489 (51.0%) 164 (50.0%)

≥5 130 (35.5%) 327 (35.5%)  176 (34.4%) 281 (36.3%) 331 (34.6%) 126 (38.4%)

Parent's highest level of education
Some college or 

below
100 (27.3%) 205 (22.3%) 0.02 147 (28.8%) 158 (20.4%) <0.001 246 (25.7%) 59 (18.0%) 0.001

College diploma 87 (23.8%) 178 (19.3%)  116 (22.7%) 149 (19.2%) 205 (21.4%) 60 (18.3%)

University degree 130 (35.5%) 341 (37.1%)  172 (33.7%) 299 (38.6%) 349 (36.4%) 122 (37.2%)

 Master/doctorate 49 (13.4%) 196 (21.3%)  76 (14.9%) 169 (21.8%) 158 (16.5%) 87 (26.5%)
 

Either of the parents ever had asthma  105 (28.7%) 179 (19.5%) <0.001 132 (25.8%) 152 (19.6%) 0.009 215 (22.4%) 69 (21.0%) 0.596
 

Parent history of atopy  217 (59.3%) 496 (53.9%) 0.08 291 (56.9%) 422 (54.5%) 0.378 537 (56.1%) 176 (53.7%) 0.451
  

Abbreviations: AR = allergic rhinitis; SD = standard deviation; IQR = interquartile range 

Born within 3 weeks of the calculated date

Child ever attend a childcare facility/nursery school

Years to asthma, AR, eczema/end of 

follow-up



Table 2.  Mean distributions of exposures to air pollution and greenness at birth and averaged over first 3 years of life 

 

 

 

 

 

  

 Asthma Non-asthma Allergic Rhinitis Non-Allergic Rhinitis Eczema Non-Eczema

Pollutant Time of exposure N=366 (28.5%) N=920 N=511 (39.7%) N=775 N=958 (74.5%) N=328

NO2 at birth Mean ± SD 27.00 ± 4.95 26.31 ± 4.45 26.55 ± 4.44 26.48 ± 4.71 26.68 ± 4.64 25.99 ± 4.46

Median (IQR) 27.03 (24.77-29.24) 26.50 (24.54-28.56) 26.73 (24.56-28.81) 26.59 (24.61-28.68) 26.73 (24.71-28.94) 26.37 (24.03-28.21)

Mean ± SD 26.45 ± 4.57 26.01 ± 4.32 26.07 ± 4.22 26.18 ± 4.51 26.28 ± 4.40 25.70 ± 4.35

Median (IQR) 26.53 (24.38-28.52) 26.24 (24.17-28.08) 26.27 (24.06-28.22) 26.29 (24.38-28.24) 26.37 (24.38-28.42) 26.01 (23.76-27.70)

O3 at birth Mean ± SD 43.63 ± 1.72 43.61 ± 1.52 43.67 ± 1.60 43.58 ± 1.57 43.60 ± 1.58 43.65 ± 1.59

Median (IQR) 43.26 (42.41-44.26) 43.39 (42.53-44.24) 43.36 (42.52-44.32) 43.34 (42.49-44.20) 43.32 (42.51-44.23) 43.40 (42.52-44.29)

Mean ± SD 43.75 ± 1.61 43.71 ± 1.49 43.78 ± 1.54 43.68 ± 1.51 43.71 ± 1.52 43.75 ± 1.52

Median (IQR) 43.37 (42.60-44.38) 43.48 (42.69-44.35) 43.52 (42.69-44.42) 43.44 (42.62-44.30) 43.44 (42.66-44.34) 43.47 (42.65-44.38)

PM2.5 at birth Mean ± SD 10.04 ± 2.29 10.21 ± 2.14 10.08 ± 2.29 10.22 ± 2.11 10.16 ± 2.19 10.18 ± 2.18

Median (IQR) 10.63 (8.60-11.80) 10.80 (8.70-11.80) 10.70 (8.60-11.80) 10.80 (8.70-11.90) 10.70 (8.70-11.80) 10.80 (8.70-11.80)

Mean ± SD 10.82 ± 1.44 10.90 ± 1.28 10.83 ± 1.36 10.91 ± 1.31 10.88 ± 1.35 10.87 ± 1.25

Median (IQR) 11.00 (10.13-11.80) 11.10 (10.33-11.73) 10.97 (10.13-11.70) 11.15 (10.33-11.80) 11.13 (10.23-11.80) 11.00 (10.33-11.71)

NDVI at birth Mean ± SD 0.32 ± 0.11 0.33 ± 0.11 0.32 ± 0.10 0.34 ± 0.12 0.33 ± 0.11 0.34 ± 0.11

(PST) Median (IQR) 0.32 (0.25-0.40) 0.33 (0.26-0.41) 0.32 (0.25-0.39) 0.34 (0.27-0.41) 0.32 (0.26-0.40) 0.34 (0.26-0.41)

Mean ± SD 0.34 ± 0.10 0.35 ± 0.11 0.34 ± 0.10 0.36 ± 0.11 0.34 ± 0.10 0.36 ± 0.11

Median (IQR) 0.35 (0.27-0.41) 0.35 (0.29-0.43) 0.34 (0.27-0.41) 0.36 (0.29-0.43) 0.35 (0.28-0.42) 0.36 (0.28-0.43)

Abbreviations: NO2=nitrogen dioxide; O3=ozone; PM2.5=particulate matter with a diameter of 2.5 μm; NDVI=normalized difference vegetation index; PST=postal code; SD=standard deviation; IQR=interquartile 

 

averaged over first 3 years

 

averaged over first 3 years

 

averaged over first 3 years

 

averaged over first 3 years



Table 3. Correlations among exposure variables 

 

Pearson Correlation Coefficient (r)

Exposure period 

N=1,286

Mean ± SD NO2 O3 PM2.5 NDVI

NO2 at birth 26.51 ± 4.60 -0.6139 (p<0.0001) -0.1600 (p<0.0001) -0.2313 (p<0.0001)

averaged over first 3 years 26.14 ± 4.40 -0.6220 (p<0.0001) -0.0516 (p=0.0648) -0.2055 (p<0.0001)

O3 at birth 43.61 ± 1.58  0.4442 (p<0.0001) 0.0060 (p=0.8296)

averaged over first 3 years 43.72 ± 1.52 0.1890 (p<0.0001) -0.0313 (p=0.2630)

PM2.5 at birth 10.16 ± 2.19 -0.0810 (p=0.0037)

averaged over first 3 years 10.88 ± 1.33 0.0114 (p=0.6835)

NDVI at birth 0.33 ± 0.11

averaged over first 3 years 0.35 ± 0.11

Abbreviations: NO2 = nitrogen dioxide; O3 = ozone; PM2.5 = particulate matter with a diameter of 2.5 μm; NDVI = normalized difference vegetation index; SD = standard deviation



Table 4. Adjusted hazard ratios for asthma, allergic rhinitis, eczema and exposures at birth and first 3 years from single, multi-pollutant 

and oxidants models 

  

Asthma Allergic Rhinitis Eczema

At birth First 3 years At birth First 3 years At birth First 3 years

Single Pollutant Model HR LCI UCI HR LCI UCI HR LCI UCI HR LCI UCI HR LCI UCI HR LCI UCI

NO2 1.09 ( 0.99 , 1.20 ) 1.06 ( 0.96 , 1.16 ) 0.97 ( 0.90 , 1.05 ) 0.94 ( 0.87 , 1.02 ) 1.05 ( 0.99 , 1.12 ) 1.05 ( 0.99 , 1.11 )

O3 1.01 ( 0.90 , 1.14 ) 1.02 ( 0.90 , 1.14 ) 1.07 ( 0.98 , 1.18 ) 1.08 ( 0.99 , 1.19 ) 0.99 ( 0.92 , 1.06 ) 0.99 ( 0.92 , 1.06 )

Oxidants* 1.14 ( 1.02 , 1.28 ) 1.10 ( 0.98 , 1.23 ) 1.02 ( 0.93 , 1.12 ) 0.98 ( 0.89 , 1.08 ) 1.07 ( 1.00 , 1.15 ) 1.06 ( 0.99 , 1.14 )

PM2.5 0.88 ( 0.76 , 1.02 ) 0.94 ( 0.83 , 1.06 ) 0.92 ( 0.82 , 1.05 ) 0.94 ( 0.85 , 1.04 ) 0.98 ( 0.89 , 1.07 ) 1.01 ( 0.93 , 1.09 )

NDVI 1.02 ( 0.88 , 1.18 ) 1.02 ( 0.88 , 1.19 ) 0.92 ( 0.82 , 1.04 ) 0.95 ( 0.84 , 1.07 ) 0.96 ( 0.88 , 1.04 ) 0.95 ( 0.87 , 1.03 )

Multi-Pollutant Model (N0 2  + O 3  + PM 2.5  + NDVI)

NO2 1.17( 1.05 , 1.31 ) 1.12( 1.00 , 1.26 ) 1.02 ( 0.92 , 1.12 ) 0.97 ( 0.88 , 1.08 ) 1.07 ( 0.99 , 1.15 ) 1.05 ( 0.98 , 1.14 )

O3 1.22( 1.04 , 1.43 ) 1.13( 0.97 , 1.31 ) 1.15 ( 1.00 , 1.31 ) 1.07 ( 0.95 , 1.22 ) 1.05 ( 0.95 , 1.16 ) 1.03 ( 0.93 , 1.13 )

PM2.5 0.82( 0.69 , 0.97 ) 0.92( 0.81 , 1.04 ) 0.85 ( 0.74 , 0.98 ) 0.92 ( 0.83 , 1.03 ) 0.97 ( 0.87 , 1.07 ) 1.00 ( 0.93 , 1.08 )

NDVI 1.05( 0.91 , 1.22 ) 1.06( 0.91 , 1.23 ) 0.91 ( 0.81 , 1.03 ) 0.94 ( 0.83 , 1.07 ) 0.97 ( 0.89 , 1.06 ) 0.96 ( 0.88 , 1.05 )

Oxidants Model (Oxidant * + PM 2.5  + NDVI)

Oxidants* 1.17 ( 1.05 , 1.31 ) 1.12 ( 1.00 , 1.25 ) 1.01 ( 0.92 , 1.12 ) 0.98 ( 0.88 , 1.08 ) 1.07 ( 0.99 , 1.15 ) 1.05 ( 0.98 , 1.13 )

PM2.5 0.85 ( 0.73 , 0.99 ) 0.92 ( 0.81 , 1.05 ) 0.91 ( 0.80 , 1.04 ) 0.94 ( 0.85 , 1.05 ) 0.96 ( 0.88 , 1.06 ) 0.99 ( 0.92 , 1.08 )

NDVI 1.06 ( 0.91 , 1.23 ) 1.06 ( 0.91 , 1.23 ) 0.92 ( 0.81 , 1.04 ) 0.94 ( 0.82 , 1.07 ) 0.97 ( 0.89 , 1.06 ) 0.96 ( 0.88 , 1.05 )

* Oxidants = [(1.07*NO2)+(2.075*O3)]/3.145

Abbreviations: NO2=nitrogen dioxide; O3=ozone; PM2.5=particulate matter with a diameter of 2.5 μm; NDVI=normalized difference vegetation index; HR=hazard ratio; LCI=lower 95% confidence 

interval; UCI=upper 95% confidence interval.

Hazard ratios are calculated per IQR (interquartile range) increase in exposure; all Cox models presented in the table met the proportional hazard assumption according to the Schoenfeld residuals.

Cox models for asthma and allergic rhinitis are adjusted for all covariates: age, sex, parental education level, income adequacy, number of people in household, low birthweight, breastfeeding, 

enrollment in childcare, whether child was born within 3 weeks of due date, home exposures during first year of life (damp spots, use of gas to cook or heat, exposure to environmental tobacco 

smoke, pets, roaches and mould) and parental history of asthma and atopy.

Covariates excluded in the Cox models for eczema due to violation of the proportionality assumption: income adequacy, low birthweight, child was born within 3 weeks of due date, breastfeeding, use 

of gas to cook or heat, parental history of asthma and atopy.



Table 5. Adjusted hazard ratios for asthma and exposures at birth from multi-pollutant models stratified by age groups (onset of asthma 

≤ 4 years old and > 4 years).  

  

HR LCI UCI HR LCI UCI

Multi-Pollutant Model (N02 + O3 + PM2.5 + NDVI)

NO2 1.19( 1.04 , 1.36 ) 1.19( 0.96 , 1.46 )

O3 1.23( 1.02 , 1.49 ) 1.24( 0.91 , 1.68 )

PM2.5 0.82( 0.67 , 1.01 ) 0.80( 0.59 , 1.09 )

NDVI 1.05( 0.88 , 1.25 ) 1.10( 0.83 , 1.44 )

Asthma

Abbreviations: NO2=nitrogen dioxide; O3=ozone; PM2.5=particulate matter with a 

diameter of 2.5 μm; NDVI=normalized difference vegetation index; HR=hazard ratio; 

LCI=lower 95% confidence interval; UCI=upper 95% confidence interval.

Hazard ratios are calculated per IQR (interquartile range) increase in exposure; all Cox 

models presented in the table met the proportional hazard assumption according to the 

Schoenfeld residuals.

Cox models for asthma are adjusted for all covariates: age, sex, parental education 

level, income adequacy, number of people in household, low birthweight, breastfeeding, 

enrollment in childcare, whether child was born within 3 weeks of due date, home 

exposures during first year of life (damp spots, use of gas to cook or heat, exposure to 

environmental tobacco smoke, pets, roaches and mould) and parental history of 

asthma and atopy.

> 4 years≤ 4 years

(N=108)(N=258)



Figure 1. Distribution of asthma, allergic rhinitis and eczema in study cohort 

 

 

 

 

Groups Number Percent*

Asthma

Asthma only 30 2.3%
Asthma + Allergic Rhinitis 28 2.2%
Asthma + Eczema 131 10.2%
Asthma + Allergic Rhinitis + Eczema 177 13.8%
Total Asthma 366 28.5%

Allergic Rhinitis

Allergic Rhinitis only 66 5.1%
Allergic Rhinitis + Asthma 28 2.2%
Allergic Rhinitis + Eczema 240 18.7%
Allergic Rhinitis + Asthma + Eczema 177 13.8%
Total Allergic Rhinitis 511 39.7%

Eczema

Eczema only 410 31.9%
Eczema + Asthma 131 10.2%
Eczema + Allergic Rhinitis 240 18.7%
Eczema + Asthma + Allergic Rhinitis 177 13.8%
Total Eczema 958 74.5%

Note : Groups are not mutually exclusive

* Percentages are calculated of the total 

131
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Figure 2. Forest plot of hazard ratios for asthma, allergic rhinitis and eczema by air pollutants and NDVI 

from multi-pollutant models (blue and orange symbols represent exposures at birth and green and purple 

symbols represent exposures during first 3 years) 

 

 

 

* Oxidants = [(1.07*NO2)+(2.075*O3)]/3.145 



ONLINE SUPPLEMENTS 

 

Online Supplement S1. Measuring air pollution exposures. 

a)  Pollutants - PM2.5 exposures were derived from total column aerosol depth retrievals from 

the Moderate Resolution Imaging Spectroradiometer (MODIS) that were related to near-

surface PM2.5 using the GEOS-Chem chemical transport model and adjusted with local 

ground-based observations through geographically weighted regression [1]. The resulting 

yearly (2004 to 2012) average surface layers gridded at approximately 1 km2  resolution were 

extended to prior years (until 1998) by applying inter-annual variation from Boys et al [2]. 

Estimates of PM2.5 greater than 20 μg/m3 were excluded from the analysis because they are 

believed to be due to inaccurate satellite retrievals. NO2 exposures were estimated for 2006 

from a national land use regression model that combined National Air Pollution Surveillance 

(NAPS) fixed-site monitoring data, satellite NO2 estimates, road length within 10 km, 

industrial land use areas within various buffers, and summer rainfall [3]. Ground-level NO2 

estimates were derived using GEOS-Chem [4] from satellite tropospheric NO2 columns. 

Local variation in NO2 was captured by applying kernel density measures of highways and 

major roads as a multiplier to the model [3]. Ozone exposures were estimated for the months 

of May to October for the period of 2002 to 2009 (8 hour daily maximum) using an air 

pollution-specific interpolation technique to generate a 21 km2 grid [5]. The model combines 

modeled O3 from the Canadian Hemispheric Regional Ozone and NOx system (CHRONOS) 

operational regional air quality forecast model [6] with ground-based observations from 

monitors in Canada and the United States.  NO2 and ozone data were adjusted for annual 

differences using a time series (1981 to 2012) of ground measurements from 24 census 



divisions (CD). Annual means were calculated from NAPS daily mean concentrations (if ≥18 

hourly readings available), and these were averaged for any CDs with more than one 

monitoring station [7]. Any gaps in the time series were imputed using an interpolation 

algorithm that combines classical prediction techniques and the phase-and frequency-fitting 

tools via the multitaper method [8], using the R package tsinterp [9]. For each of the 24 CDs, 

a cubic spline function was fitted to model the association between year and air pollutant. 

Ratios were determined for each year of follow-up and the source data year. For each year of 

follow-up, all locations were matched to the closest CD using Geographic Information 

Systems (GIS; ArcGIS v.10, ESRI 2010), and the corresponding time adjustment ratio was 

used to adjust data for annual differences in concentration.  In addition to individual 

pollutants, we also employed total oxidants = [(1.07*NO2)+(2.075*O3)]/3.145 as a 

composite measure, with pollutant weights equivalent to their respective redox potentials 

[10]. Exposure surface concentrations of air pollution were then assigned to participants 

using the centroids of their postal codes at birth and cumulated from birth onwards.  Given 

the peak incidence of asthma and other allergic disease in early childhood [11], we focused 

on exposures at baseline (birth) and early life (0 to 3 years of age).   

 

b)  Greenness - The Normalized Difference Vegetation Index (NDVI) Landsat Time Series was 

used to measure greenness (15-19).  Composite measures of NDVI calculated by Google are 

created from all the scenes via Google Earth Engine in each annual period beginning from 

the first day of the year and continuing to the last day of the year. All the images from each 

year are included in the composite, with the greenest pixel as the composite value, where the 

greenest pixel is the maximum value of the NDVI.  Annual NDVI metrics were linked to all 



6-digit DMTI Spatial single postal code locations and surrounding areas within 100m [12].  

NDVI provides an indication of the presence and condition of green vegetation with values 

typically ranging from −1 to +1. Values of −1 generally represent water, while values of zero 

(−0.1 to 0.1) correspond to bare surfaces such as rock, sand, rooftops and roads. Higher 

values (0.2 to 0.4) represent grassland or bush land and values of +1 represent healthy green 

vegetation [13]. The greenness data surfaces for Ontario from 1996 to 2015 were obtained 

from the CANadian Urban Environmental Health (CANUE) research consortium 

(https://canue.ca/). 
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Online Supplement S2. Definition of covariates. 

 

T-CHEQ Variable Type of Variable Categories

Child Factors

Sex Binary Female; Male

Child age at survey Continuous

Child age at asthma, allergic rhinitis or 

eczema

Continuous

Low birthweight (<2500g) Binary Yes; No

Child breastfed Binary Yes; No

Child ever attend a childcare 

facility/nursery school

Binary Yes; No

Child born within 3 weeks of due date Binary Yes; No

Years to asthma, allergic rhinitis, 

eczema, or end of follow-up

Continuous

Home Environmental Factors

Mould in home first year of life Binary Yes; No

Roaches in home first year of life Binary Yes; No

Gas cook/heat first year of life Binary Yes; No

ETS exposure in first year of life Binary Yes; No

Pets in home in  first year of life Binary Yes; No

Parental/Demographic Factors

Income adequacy Categorical Lowest; Lower Middle; Upper Middle; 

Highest

Number of people in the household Categorical ≤3, 4, ≥5

Parent's highest level of education Categorical Some college or below; College 

diploma; University degree; 

Master/doctorate

Either of the parents ever had asthma Binary Yes; No

Parent history of atopy Binary Yes; No

Pollutant Variable Type of Variable Definition

NO2
Continuous

O3
Continuous

PM2.5
Continuous

NDVI Continuous

Oxidants Continuous [(1.07*NO2)+(2.075*O3)]/3.145 

Abbreviations: ETS=environmental tobacco smoke; NO2=nitrogen oxide; O3=ozone; PM2.5=particulate matter with a 

diameter of 2.5 μm; NDVI=normalized difference vegetation index.



Online Supplement S3. Hazard ratios of PM2.5 and outcomes stratified by tertile of total oxidants. 

a) At birth. 

 
Hazard ratios for PM2.5 reflect changes of 4.26 µg/m3. Ox = oxidant. 

 

b) During the first 3 years of life. 

 
Hazard ratios for PM2.5 reflect changes of 2.66 µg/m3. Ox = oxidant.



Online Supplement S4. The original and current study cohort. 

a) Flow diagram showing study cohort assembly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Distribution of parent-reported conditions at the time of the T-CHEQ survey. 

 

The distribution of parent-reported conditions does not show any statistically significant differences between 

the original cohort and the current study cohort. 

 

 

 

Parent Reports
TCHEQ Total Cohort 

(N=5,619)

Consented Birth Cohort 

(N=1,286)
p-value

Ever asthma 16.20% 16.74% 0.6365

Ever rhinitis 24.10% 22.04% 0.1174

Ever eczema 24.30% 23.44% 0.5159

 

 

 

 

 

 

 

 

 

 

 

 

* Proportion excluded from previous step.  

T-CHEQ participants 

N=5,619 

Consented and provided HCN 

N=2,735 

Successfully linked to ICES 

N=2,680 

Had complete covariate data 

N=1,286  

Excluded N=2,884 (51.3%) *  
- who did not provide consent or consented but did not 

provide a health card number (HCN) for data linkage 

Excluded N=55 (2.0%) * 
- who provided invalid HCN for data linkage 

Excluded: N=1,394 (52.0%) * 

- who had missing data in any covariates 


