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Overview 

• Border Air Quality Study (BAQS) 

• Canadian Census Health and Environment 
Cohort (CanCHEC) 

• Global 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 more… 
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Birth Cohort 

 



Birth Cohort 

• Birth cohort identified 

92,158 children born in 

the study area during a 

4-year period  

(1999–2002). 

• Early childhood cohort 

followed these newborns 

in 1999/2000 for 8 years 

 

 



Adult Cohort 

• 678,361 adults 45–84 

yrs (1999) area residents 

who lived in study area 

• 5-year cohort definition 

period (1994–1998) to 

assess pre-existing 

diseases 

• Follow-up to 2002 
 



Residential Histories 

• Provincial health plan registry files, 

hospital discharges, and physician 

billing records used to establish 

residential histories (postal code 

resolution). 

– Not straightforward: multiple 

databases of residential addresses 

(of varying qualities), updated at 

different times. 

– 34.9 % of cohort had 2 addresses 

during pregnancy. 

– 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,  

• Measure a few key ingredients of complex 

mixture 

• Measure background 

• Capture 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 → indoor levels 5 –9 µg/m3 

Evaluation studies: infiltration 



Traffic-related air pollution (children) 

• Increased low birthweight and 
pre-term birth 
• living <50m from provincial 

highway: 21%  low birthweight  

• Bronchiolitis 
• living <50m from provincial 

highway: 6%   

• Middle ear infections  
• 7% of cases attributable to traffic 

• Asthma (early life exposure) 
• 13% 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 

• 15% increase in SGA birth+ 

• 32% increase in otitis media++ 

• 8% increase in bronchiolitis* 

• 15% increase in COPD 

hospitalization+ 

• No associations with: 
– pre-term birth-  

– asthma incidence-  

– cardiovascular, 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 “natural experiments” 
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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 – walkability and air 

pollution  
HIGH walkability / LOW NO / LOW O3 

LOW walkability / HIGH NO / HIGH O3 



Joint Exposure – Birth Outcomes 

Greenspace counteracts the 

negative impacts of air pollution 

and noise 

Greenness 



The Canadian Census Health 
and Environment Cohort 

33 33 

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 

Statistics Canada • Statistique Canada 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 – 1.76) 

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

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

http://www.ncbi.nlm.nih.gov/pubmed/23676262
http://www.ncbi.nlm.nih.gov/pubmed/23676262
http://www.ncbi.nlm.nih.gov/pubmed/23676262
http://www.ncbi.nlm.nih.gov/pubmed/22475580
http://www.ncbi.nlm.nih.gov/pubmed/22475580
http://www.ncbi.nlm.nih.gov/pubmed/22475580
http://www.ncbi.nlm.nih.gov/pubmed/22475580
http://www.ncbi.nlm.nih.gov/pubmed/22475580
http://www.ncbi.nlm.nih.gov/pubmed/22475580
http://www.ncbi.nlm.nih.gov/pubmed/22475580


Indirect adjustment of health risk behaviours (e.g. smoking) 

pe proportion of subjects exposed 
pS proportion of subjects who smoke 
pse proportion of subjects exposed, who smoke 

Obtained from ancillary 
dataset (e.g. CCHS) 



Crouse DL, Peters PA, van Donkelaar A, Goldberg MS, Villeneuve PJ, Brion O, Khan S, Atari DO, Jerrett M, Pope CA, Brauer M, 

Brook JR, Martin RV, Stieb D, Burnett RT. Risk of nonaccidental and cardiovascular mortality in relation to long-term exposure to low 

concentrations of fine particulate matter: a Canadian national-level cohort study. Environ Health Perspect. 2012;120(5):708-14. 

2.1 million subjects, 

exposures estimated 

1987 – 2001 

 

Adjustment for 

multiple individual-

level, contextual 

covariates 

 

 

Canadian Census Cohort (1991 – 2001) 

Total (Nonaccidental) 

Mortality 

Cardiovascular 

IHD Cerebrovascular 





 

LUR: within-city 

variability in NO2 
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Partitioning exposure into within- 

and between-city contrasts (ppb) 

Year City Within-city  Between-city  
Overall 

exposures 

Subject-level LUR 

estimate – LUR 

mean 

Citywide mean 

from the long-term 

trend 

Sum of within 

& between 

2006 Montreal 15 - 11 = 4 19 23 

2005 Montreal 15 - 11 = 4 18 22 

2004 Windsor 18 - 10 = 8 20 28 

… 

1984 Windsor 18 - 10 = 8 27 35 



Adjusted Mortality HRs (Personal: immigrant, visible minority,  marital status, education, 
income, occupational class, employment status;  Contextual: income, education,  % recent 
immigrants, temperature) with city random effect and indirect adjustment for smoking and BMI.    
                  Crouse et al., 2015.  

CanCHEC 10 city analysis with NO2 LUR models (N = 735,600)   



http://www.thelancet.com/themed/global-burden-of disease 



What is the Global Burden of Disease? 

• Systematic quantification of magnitude of 
health loss due to diseases, injuries and risk 
factors 

• Global disease, injury, & risk burden estimates 
for 1990 – 2013 (5 yr intervals) using 
comparable methods for 188 countries (+ sub-
country analyses) 

– incidence and prevalence of 301 diseases 
and injuries and 2,337 relevant disabling 
sequelae, stratified by sex and 20 age groups 

– Role of 76 modifiable risk factors in burden 
of disease 

• Collaborative effort coordinated by (Gates-
funded) Institute for Health Metrics and 
Evaluation (UW), [WHO] + ~1000 volunteers…. 

• Annual updates beginning in 2015 
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http://www.healthdata.org/gbd 
 

http://www.healthdata.org/gbd
http://www.healthdata.org/gbd


Mortality and Burden of Disease  

• Mortality = Numbers of Deaths 

• Burden =  Disability Adjusted Life Year (DALY) 

DALY =  YLL + YLD 

• years of life lost due to premature death (YLLs) 

• years of life lived with disability (YLDs) 

one DALY  =  one lost year of healthy life 
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Exposure 

to Outdoor 

Air 

Pollution 

Baseline 

Incidence 

Country- 

Specific 

Mortality, 

Disease 

Concentration 

–Response 

Relationships 

Worldwide 

Health 

Evidence 

Global 

Burden, 

DALYs, 

Mortality 

Population Attributable fraction  X  Deaths (cause-specific) 
Population Attributable fraction  X  DALYs (cause specific) 

General approach 

PM2.5 

Ozone 



Population attributable fraction 

m, maximum 
exposure level 

RR, relative risk 
at each 
exposure level 

P, proportion of 
population at each 
exposure level 

P’, counterfactual 
proportion of 
population at each 
exposure level 
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Population Attributable Fraction: sex, age, country, time 



 

Measurements 



SAT 
• Final estimates based on 

average of (1.4 million) grid 
cell values (SAT, TM5) and 
calibrated (regression 
model) with measurements 

▪ 0.1° x 0.1° resolution 
• Incorporate variance 

between two estimates and 
measurements in 
uncertainty assessment 

• Unique contributions from 
each approach 

51 

approximate location 

PM2.5 calculated (from PM10) 

unspecified monitor type  

Adjusted R2:  0.64  

TM5 



Integrating risk from multiple sources to estimate risk due to ambient PM2.5  
Integrated Exposure-Response functions (IER) 

  

Burnett et al. 2014 

Key assumption  
Risk is function of PM2.5 
inhaled dose regardless of 
source 
 
Extrapolation model 
•reflect change in risk 
observed in cohort studies 
at low concentrations 

•near-linear at low 
concentrations 

•predict risk for highest 
PM2.5 consistent with risks 
from smoking (Pope et 
al.2011)  


