
INTRODUCTION
The aims of this study are to develop 
and evaluate spatiotemporal estimates 
of particulate (PM2.5) and gaseous (NO, 
NO2) air pollutants and to apply these 
to investigate potential associations 
between prenatal exposure to air 
pollution and the development of 
autism spectrum disorder (ASD).

These estimates will combine land use regression models, 
which provide high spatial resolution of long-term average 
trends of airborne pollutants, with continuous air pollution 
monitoring data to temporally adjust these long-term aver-
age exposure models. This will result in air pollution estimates 
with a 10 m2 spatial resolution and month-to-month tempo-
ral resolution.

These estimates will be applied at a 6-digit postal code and 
monthly resolutions for our retrospective cohort, composed 
of all children born in Metro Vancouver between 2004–2014, 
including all cases of ASD identified through the BC Autism 
Assessment Network.

We will develop two variations of spatiotemporal exposure es-
timates: one with a global temporal factor that will apply a 
uniform temporal trend across Metro Vancouver, and a sec-
ond set of estimates with spatially heterogeneous temporal 
factors, derived by kriging air monitoring data, to reflect spa-
tially heterogeneous temporal variation.

We will use these estimates to calculate exposure for every 
mother for each month, trimester, and the entire duration of 
pregnancy. We will then test the associations between prena-
tal air pollutant exposure with developing ASD, adjusting for 
various maternal (e.g. age, parity, folate supplement status, 
smoking, etc.), perinatal (e.g. sex, birth weight, etc.), and so-
ciodemographic (e.g. education, income, etc.) factors.

OBJECTIVES

•1 Develop spatiotemporal modelling 
methodologies

•2 Characterize temporal and spatial 
air pollution trends

•3 Link cohort and air pollution models 
through geocoding to develop expo-
sure assessment estimates
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METHODS PRELIMINARY ANALYSIS
PM2.5 decreased from an annual average of 5.5 to 4.0 μg/m3 from 2004–12, but appears to in-
crease to 6.0 μg/m3 in 2013–14. PM2.5 exhibits a seasonal trend that peaks in August and dips in 
March, and spatial homogeneity in average magnitude and seasonal variability.

Figure 5. Average Monthly PM2.5 from 2004–2014

NO has steadily decreased over the years, from a yearly average of 14 to 8.5 ppb from 2004–2014, 
a 39% decrease. NO exhibits a seasonal trend that peaks in December–January and dips from 
March–July, and spatial heterogeneity in average magnitude and seasonal variability.

Figure 6. Average Monthly NO from 2004–2014

NO2 has steadily decreased over the years, from a yearly average of 15 to 11 ppb from 2004–
2014, a 26% decrease. NO2 exhibits a seasonal trend that peaks in December and dips in June, 
and spatial heterogeneity in average magnitude but spatial homogeneity in seasonal variability.

Figure 7. Average Monthly NO2 from 2004–2014

The average number of autism cases per year from 2004–11 is 409, with an average annual point 
prevalence of 10 cases per 1,000 live births, and an average age of diagnoses of 5.7 years of age. 
The number of cases appears to decrease from 2010 onwards, but this does not necessarily indi-
cate a decrease in prevalence—but rather that younger children haven’t yet been diagnosed, since 
the onset of symptoms begins around 3 years of age, and diagnosis can also happen later in life.

Figure 8. Autism Cases in BC With at Least 3 Years of Follow-Up
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DISCLAIMERS
Birth data from Vital Statistics and autism diagnoses data from BC Autism Assess-

ment Network were linked and made available through Population Data BC. All 

inferences, opinions, and conclusions drawn in this poster are those of the authors, 

and do not reflect the opinions or policies of the Data Stewards.

Air pollution data were provided by Metro Vancouver. The information provided 

in these data is intended for educational and informational purposes only. These 

data are not intended to endorse or recommend any particular product, material 

or service provider nor is it intended as a substitute for engineering, legal or other 

professional advice. Such advice should be sought from qualified professionals.

CONCLUSION
Developing temporally-adjusted land use regression models 
of PM2.5, NO, and NO2 will reduce exposure misclassifica-
tion and provide exposure estimates for assessing relevant 
prenatal windows of exposure that may increase the suscep-
tibility of developing ASD. Additional error can be reduced 
by creating models that account for spatially heterogeneous 
temporal variation, particularly for NO, which exhibits the 
most heterogeneity in temporal variation across Metro Van-
couver. Further work is required to evaluate both temporally 
adjusted models—one spatially homogeneous and the other 
spatially heterogeneous—to quantify model error and per-
formance. Once air pollution estimates are refined, the next 
step will be to examine the developmental impacts of PM2.5, 
NO, and NO2 during prenatal development.
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Land Use Regression

•	Spatial	data	

•	Grid-like	map	made	of	cells,	
with	each	cell	containing	a 
value for air pollution

Land Use Regression 

Air Monitoring Data

•	 Temporal	data

•	Daily	averages	of	air	
pollution at all air monitors 
in	Metro	Vancouver

•	Used	to	derive	temporal	
factor	to	adjust	land	
use regression

Spatially Homogeneous 
Temporal Factor at Month t

Spatially Heterogeneous 
Temporal Factors at Month t

Spatiotemporal Estimates 

•	Spatially	and	temporally	
resolved	air	pollution	
estimates

•	Capable	of	calculating	
air pollution on any 
given month at any given 
latitude-longitude

Homogeneously Adjusted 
Pollutant at Month t

Heterogeneously Adjusted 
Pollutant at Month t

Figure 1.	Developing	Spatiotemporal	Exposure	Estimates	Using	Temporally	Adjusted	Land	Use	Regression	Models

Figure 2.	Temporally	Adjusting	Land	Use	Regression	Models
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Figure 3.	Deriving	Temporal	Factors

Figure 4.	Linking	Cohort	Data	and	Air	Pollution	Estimates	Through	Geocoding	to	Derive	Exposure	Estimates

Population Cohort Data

POSTAL CODE COORDINATES

Spatiotemporal Estimates

POSTAL CODE CONVERSION FILE

•	Associates	each	6-digit	
postal	code	with	a	longitude	
and	latitude	coordinate

•	Geographic	conversion	
between	postal	code	and	
coordinate	system

t ime

Adjusted Pollutant   =   PollutantLUR   ∙   Temporal Factort

Avg. Pollutant Across All 
Monitors for LUR Year

Avg. Pollutant Across All 
Monitors at Month tTemporal Factort   =         ⁄

•	Cohort,	cases,	6-digit	
residential	postal	codes,	
and	covariates

•	Data:	BC	Perinatal	Database	
Registry,	health	services,	
BC Autism Assessment 
Network,	StatsCan	Taxfiler


