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Overview 

ÅBorder Air Quality Study (BAQS) 

ÅCanadian Census Health and Environment 
Cohort (CanCHEC) 

ÅGlobal Burden of Disease (GBD) 



baqs.spph.ubc.ca 

Georgia Basin -  Puget Sound 

International Airshed Linked environmental 

and administrative 

health data to assess 

the health impacts of 

exposure to air pollution  
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and moreé 



Database linkage 

Exposure 

Environmental 

Data   

Health 
 

Physician Billing   

Hospital Discharge  

Vital Statistics 

Prescriptions 

Residential  

history 

Geographic 

linkage 

Other risk 

factors 

Perinatal  

Registry 

Canada Census 



Birth Cohort 

 



Birth Cohort 

ÅBirth cohort identified 

92,158 children born in 

the study area during a 

4-year period  

(1999ï2002). 

ÅEarly childhood cohort 

followed these newborns 

in 1999/2000 for 8 years 

 

 



Adult Cohort 

Å678,361 adults 45ï84 

yrs (1999) area residents 

who lived in study area 

Å5-year cohort definition 

period (1994ï1998) to 

assess pre-existing 

diseases 

ÅFollow-up to 2002 
 



Residential Histories 

Å Provincial health plan registry files, 

hospital discharges, and physician 

billing records used to establish 

residential histories (postal code 

resolution). 

ïNot straightforward: multiple 

databases of residential addresses 

(of varying qualities), updated at 

different times. 

ï 34.9 % of cohort had 2 addresses 

during pregnancy. 

ï Opportunity to examine what happens 

when you change exposure (due to 

residential mobility). 

 

89.2 % of postal codes referenced to 

block face 



Air pollution exposure 

Typically,  

ÅMeasure a few key ingredients of complex 

mixture 

ÅMeasure background 

ÅCapture time trends  

 



Exposure Assessment Design 

Exposure  = Cregion + Curban + Ctraffic + Cwoodburning + Cpoint source  



Nearest monitor 

Land Use Regression 

NO2 Exposure Surfaces 

CMAQ 

Interpolation 
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Woodsmoke  
 

Mobile Monitoring on  

Cold, Clear Winter 

Evenings 

Lowest third

Middle third

Highest third

Lowest third

Middle third

Highest third

(~ 12,000 points) 

Richmond 

White Rock 

Downtown 



Spatially resolved independent variables 

(e.g., dwellings) 

Catchment area buffer extracted 

independent variable (e.g. emissions, 

bldg. Age, SES, population) 

 

Average of all measurements within 

buffer area (dependent variable) 

 

Regression Model R2 = 0.6-0.7 



Evaluation studies: mobility 



110/116 sites decreased 

Evaluation studies: model stability 

NO2, 

length 

model 

Method 1  

(temporal 

trend)  

Method 2 

(predictor 

values) 

Method 3 

(1&2 joint) 

Method 4 

(calibrating 

coefficient

s) 

Forecast, using 2003 model  (R2 = 0.52) to predict concentrations in 

2010 

R2 0.54 0.52 0.52 0.61 

Error mean 1.57 4.62 1.15 0.00 

SD 2.35 2.34 2.34 2.08 

Back-cast, using 2010 model (R2 = 0.63) to predict concentrations in 

2010 

R2 0.44 0.46 0.46 0.49 

Error mean - 1.58 - 5.16 -1.69 0.00 

SD 3.08 3.05 3.05 2.96 Change from 2003 

NO in 2003 

 



Non residential 

  0.60 [9.0 ug/m3] 1 

   0.51 [7.65 ug/m3] 1 

0.45 [6.75 ug/m3 ] 1  

  0.36 [5.4 ug/m3]1 

Finf  Model Results 

Average outdoor PM2.5 level 15 µg/m3 Ÿ indoor levels 5 ï9 µg/m3 

Evaluation studies: infiltration 



Traffic-related air pollution (children) 

ÅIncreased low birthweight and 
pre-term birth 
Åliving <50m from provincial 

highway: 21% ¬ low birthweight  

ÅBronchiolitis 
Åliving <50m from provincial 

highway: 6% ¬  

ÅMiddle ear infections  
Å7% of cases attributable to traffic 

ÅAsthma (early life exposure) 
Å13% of childhood asthma 

attributable to traffic 

Brauer M, et al. Environ Health Perspect. 2008; Clark NA, et al. Environ Health Perspect 2010. Karr CJ et al. Am J Resp Crit Care 

Med 2009; MacIntyre et al. Epidemiology. 2010 
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Traffic-related air pollution 



Woodsmoke 

Å15% increase in SGA birth+ 

Å32% increase in otitis media++ 

Å8% increase in bronchiolitis* 

Å15% increase in COPD 

hospitalization+ 

ÅNo associations with: 
ïpre-term birth-  

ïasthma incidence-  

ïcardiovascular, COPD mortality- 
 

 

 

++ > traffic pollution, + ~traffic, - <traffic 
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Exposure Period Follow-up Period

Non-exposure

Constant exposure

Moved away

Moved close

Jan1994 Jan1999 Dec2002

Baseline End

Reference

Design ñnatural experimentsò 
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Highway 
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Highway

Ò150 m Highway 

or Ò 50 m 

Major Road

Ò 50 m 

vs > 50 m 

Major Road

Moved close to traffic

Moved away from traffic

Constant exposure to traffic

X-axis: Non-exposure to traffic 

Road proximity & cardiovascular death 



Additional linkages to assess multiple 

built environment characteristics 



Noise and air pollution joint effects 

Joint associations of transportation noise    and air 

pollution 

Term birthweight 

Noise 



Healthy neighborhoods ï walkability and air 

pollution  
HIGH walkability / LOW NO / LOW O3 

LOW walkability / HIGH NO / HIGH O3 



Joint Exposure ɀ Birth Outcomes  

Greenspace counteracts the 

negative impacts of air pollution 

and noise 

Greenness 



The Canadian Census Health 
and Environment Cohort  
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Rick Burnett, Health Canada 

Dan Crouse, Health Canada -> University of New Brunswick 

Michael Tjekema, Statistics Canada 
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1991  

long-form census 

N= 2.7 million 

 

age & sex 

education  

income 

employment 

immigration 

ethnicity 

Residential 

mobility through 

time 

(Tax records)  

Canadian 

Mortality 

Database 

Canadian 

Cancer 

Registry 
Satellite-

derived 

PM2.5 

Land use 

regression 

models 

Observations 

from fixed-

site stations 

Canadian Census Health and Environment Cohort 
(CanCHEC ) 

Health 

Surveys 

(CCHS) 



Structure of the 1991 Canadian Census Cohort 

{ǘŀǘƛǎǘƛŎǎ /ŀƴŀŘŀ ω {ǘŀǘƛǎǘƛǉǳŜ /ŀƴŀŘŀ 35 

Mortality: 1991-2011 

                                 Mobility: 1984-2011       

                    Cancer: 1969-2011 

           Longitudinal Worker File: 1983-2011* 
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1991 Census 

Cohort 

*Available for ~200,000 Cohort members 



 

Crouse, et al. 2012 
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x = 

Hystad P, Demers PA, Johnson KC, Carpiano RM, Brauer M. Long-term Residential Exposure to Air Pollution and Lung Cancer Risk. 

Epidemiology. 2013;24(5):762-72. 

Hystad P, Demers PA, Johnson KC, Brook J, van Donkelaar A, Lamsal L, Martin R, Brauer M. Spatiotemporal air pollution exposure 

assessment for a Canadian population-based lung cancer case-control study. Environ Health. 2012;11:22.. 

OR (95% CI) all lung cancer per 10 µg/m3 increase in PM2.5 

Spatiotemporal model: 1.29 (0.95 ï 1.76) 

Urban subset (monitors): 1.33 (0.82 ï 2.15)  

Canadian national lung cancer case-control study 
(National Enhanced Cancer Surveillance System) 


