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Overview

e Border Air Quality Study (BAQS)

e Canadian Census Health and Environment
Cohort (CanCHEC)

* Global Burden of Disease (GBD)
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If you build it...they will come

Perinatal
Database &
Canada Census

Physician Billing,
Hospital Discharge,
Vital Statistics
Databases

Residential
history
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Data

Greenness Air Pollution (NO, NO,, PM, 5, BC)
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Database linkage

Perinatal Physician Billing Environmental
Registry Hospital Discharge Data
Canada Census| Vital Statistics
Prescriptions

Residential
history

Geographic
linkage




populationdatase

BC LINKED HEALTH DATABASE

POPULATION
Births File
1985 frward
Deaths File
1985 forward
MSP Registration File
1986 forward

SOCIAL INVESTMENT/
SAFETY NET

BC Workers” Compensation Board
1987 forward

7

HEALTH CARE SYSTEM

Services Care Providers
BC Ambulance Service MSP Practitioner File
1999 only 1985786 forward

Continuing Care
1985 forward
Hospital Separations
1985/86 forward
Medical Services Plan
198586 forward
Mental Health
1986 forward
PharmaCare
1986 forward

\ .
YRESEARCH -
——DATA SETS(

N

SOCIAL/PHYSICAL
CONTEXT
Canada Census
1986, 1991, 1996, 2001
P.E.O.P.L.E. population estimates
1991 forward

BC Stats data sets and profiles
1991 forward

Census of health professionals
1985 farward

Settlement pattern data
. 200

Travel time and network data
2001 farward ety wnder develcpmns




=\ population

Birth Cohort

BC

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

Vital Statistics |
Clinical |

Ivlother's marital status
Previous births
Complications
Ivlethod of delivery

MSP Ceniral ] [ Outpatient l [ Honptial Vistis 1
Registry Visits i |
Postal Code Date Date
(annual update) Diagnosis (ICD9) Diagnoses (ICD9)
= | [Postal Code Other data on visit
= First Nation's status
Weight
3 Postal Code
Health history from
<=7 |birth

Residentaill Exposure history fror
9 months prior to birth

(using postal codes and DA's from
raultiple sources)




Adult Cohort
populationdatase

* 678,361 adults 45—-84
yrs (1999) area residents
who lived in study area

urvival Probability

« 5-year cohort definition
period (1994-1998) to
assess pre-existing
diseases D B % N2 A5 I8 GA 4 % A0 3 38 B B e

* Follow-up to 2002
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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).
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Air pollution exposure

Typically,

 Measure a few key ingredients of complex
mixture

* Measure background

« Capture time trends

1 local sources
]

S
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Exposure Assessment Design

1 local sources (mostly traffic)

regional background

Exposure = Cregion i Curban i Ctraffic i Cwoodburning i C:point source
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Legend
+ NOX Sampling
+ NOX & PM Sampling
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5 Kilometers

Legend
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Woodsmoke

Mobile Monitoring on S
Cold, Clear Winter 7 Doviomn e o .
Evenings T A Y 5T

White Rock

(~ 12,000 points)



Spatially resolved independent variables
(e.g., dwellings)

.”5&‘32‘:5-

Catchment area buffer extracted

independent variable (e.g. emissions,
S bldg. Age, SES, population)

-,
fi
=

Average of all measurements within o Fireplacs (Yes)
buffer area (dependent variable)

Regression Model R? = 0.6-0.7 j‘i Fy -
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(500m smoothed)
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Evaluation studies: mobllity
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Evaluation studies: model stability

NO in 2003

110/116 sites decreased -

Change from 2003

NO2, Method 1 Method 2 Method 3 Method 4
length (temporal (predictor  (1&2joint) (calibrating
model trend) values) coefficient

s)
Forecast, using 2003 model (R? = 0.52) to predict concentrations in
2010
R? 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 (R? = 0.63) to predict concentrations in
2010
R? 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




Evaluation studies: infiltration
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F..s Model Results

0.36 [5.4 ug/m3]:

0.45[6.75 ug/m3]1*

0.51 [7.65 ug/m3]*
| - 0.60 [9.0 ug/m?3] *
- Non residential

—

Average outdoor PM, . level 15 pg/m* — indoor levels 5 =9 pg/im?




Traffic-related air pollution (children)

® Increased low birthweight and
pre-term birth

® living <50m from provincial
highway: 21% T low birthweight

® Bronchiolitis e e GRS

® living <50m from provincial “ P

highway: 6% T 3 ” aspu-213

® Middle ear infections Traffic-related air pollution
® 7% of cases attributable to traffic

®* Asthma (early life exposure)

® 13% of childhood asthma
attributable to traffic

R4 [ 111 RN
BEcH2ssEBEESETTE

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: Maclntyre et al. Epidemiology. 2010



Woodsmoke

- . . N Legend
* 15% increase in SGA birth* R T et
/x:‘/ 1 “;-;,. .t;.: "~ Adjusted light scattering

« 32% increase in otitis media*

* 8% increase in bronchiolitis’

* 15% increase in COPD | v
hospitalization® Nl

* No associations with:
— pre-term birth-
— asthma incidence-
— cardiovascular, COPD mortality-

**+ > traffic pollution, * ~traffic, - <traffic




Design “natural experiments”

Baseline End
Jan1994 Jan1999 Dec2002
- Exposure Period Follow-up Period

Reference

Non-exposure

Moved away H




Road proximity & cardiovascular death

1.60n

Constant exposure to traffic
-8~ Moved close to traffic
Moved away from traffic
X-axis: Non-exposure to traffic
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1.00 ~ - - -
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Additional linkages to assess multiple
bullt environment characteristics

Greenness Air Pollution (NO, NO,, PM, ;, BC)
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Noise and air pollution joint effects

LlE

American Journal of Epidemiology
© The Author 2012. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of
Public Health. All rights reserved. For permissions, please e-mall: journals.permissions @ oup.com.

DOI: 10.1093/aje/kwrd24

Original Contribution

Association of Long-term Exposure to Community Noise and Traffic-related Air
Pollution With Coronary Heart Disease Mortality

Wen Qi Gan, Hugh W. Davies, Mieke Koehoorn, and Michael Brauer*

Log Relative Risk for CHD Mortality
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Noise or
BC only

Plus Age Plus SES
and Sex and CMC

Model

Plus Plus Nitrogen Plus BC

PM2.5

Dioxide or Noise

Noise

Impact of Noise and Air Pollution on
Pregnancy Outcomes

Ulrike Gehring,® Lillian Tamburic,® Hind Sbihi,® Hugh W. Davies,® and Michael Brauer®

Term birthweight

NO - LUR . '-0-4
NQ, - LUR —.— '—D—'
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Mean difference
{95% confidence interval)

Joint associations of transportation noise® and air
pollutionO
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Healthy neighborhoods — walkability and air
pollution
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Street Smart

1 O Warlker’s Paradise

rd Street Vancouver

Overview
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Joint Exposure - Birth Outcomes

Moderate Preterm Birth (30-36 weeks)
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I*I Health Sante Your health and Votre santé et votre
Canada Canada safety... our priority.  Sécurité... notre priorité.

The Canadian Census Health
and Environment Cohort

Rick Burnett, Health Canada
Dan Crouse, Health Canada -> University of New Brunswick
Michael Tjekema, Statistics Canada




e L
Canadian Census Health and Environment Cohort

(CanCHEC)

1991
long-form census
N= 2.7 million

Canadian
Mortality
Database

age & sex
education
income

ST TE Canadian
immigration
e iz ethnicity cancer
derived Reg|stry
PM,

Land use Observations
regression from fixed- Health

models ks A site stations Surveys
¢ (CCHS) 34
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I*I Statistics  Statistique

Canada Canada

Structure of the 1991 Canadian Census Cohort

Mortality: 1991-2011

Mobility: 1984-2011

Cancer: 1969-2011

Linkage approval to 2011

Longitudinal Worker File: 1983-2011*

1991 Census
Cohort

*Available for ~200,000 Cohort members

35 Statistics Canada e Statistique Canada



o Cities with ground-
based stations

PM 2.5 {ug/m3)

Northwest
Territories

Crouse, et al. 2012
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Particles measured, 1970 to 2008

—e&—total suspended particulates
80 | O

—#— dichotomous (10 micron)
-0 —4—dichotomous (2.5 micron)

50

-53% TSP 1970-1999
50

40

30

concentration in micrograms per cubic metre

20

-54% 1984-2008
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Canadian national lung cancer case-control study

(National Enhanced Cancer Surveillance System)

AveragePM, ;
(1970-1994)

Ratio of Collocated 1971
NAPS and Current Satellite
PM2.5 Estimates 1994
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3 2 n
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k& " ! ‘
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g » 'y PM,; (ng/m®)  Study Population Residential Years

PM2.5 Estimate from h 7 / 4 . > 35 l -‘0743
me P @ NAPS Monitors (50km buffer)
R » L 1
Low:0  10kmresolution

OR (95% CI) all lung cancer per 10 pg/m? increase in PM,, .
Spatiotemporal model: 1.29 (0.95 - 1.76)
Urban subset (monitors): 1.33 (0.82 — 2.15)

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

Environmental Research 134 (2014) 482-487

Contents lists available at ScienceDirect

e e b e e

Environmental Research

journal homepage: www.elsevier.com/locate/envres

Indirect adjustment for multiple missing variables applicable @Cmm
to environmental epidemiology

Hwashin H. Shin®", Sabit Cakmak?, Orly Brion?, Paul Villeneuve *<, Michelle C. Turner ¢
Mark S. Goldberg ©, Michael Jerrett ' Hong Chen2, Dan Crouse ?, Paul Peters”, C
Arden Pope III', Richard T. Burnett **

]

HRunadj
HR se —PePs”

smoking

HRq4 =

p. proportion of subjects exposed
ps proportion of subjects who smoke
p.. proportion of subjects exposed, who smoke

Obtained from ancillary
dataset (e.g. CCHS)
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0.0

ns (PM, ., df

0.2

0.4

Canadian Census Cohort (1991 — 2001)

PM, . (pg/m?)

=4)

ns (PM, ., df
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L

0o

0.2

0.4

Mortality
|ﬂ 0.4 5]
. R EE #
Total (Nonaccidental) — *
s | Cardiovascular
. = a Il [ /.

5 10 15
PM, . (pg/m?)

Cerebrovascular

PM, ; (ng/m?)

2.1 million subjects,
exposures estimated
1987 — 2001

Adjustment for
multiple individual-
level, contextual
covariates

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.
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LUR: within-city
variability in NO,
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Partitfioning exposure into within-
and between-city contrasts (ppb)

Within-city Between-city Lverell
exposures
Subj_ect-level LUR Citywide mean Sum of within
estimate — LUR from the long-term
& between
mean trend
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=18 27 35




1.2
CanCHEC 10 city analysis with NO, LUR models (N = 735,600)
o~ 1.15
@)
Z
£ 11
2 | ?
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d i ]
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g 1
e [
1 L L
-]
e 0.95
o L
X
in 0.9
S [ )
&
T 0.85
0.8
3| 5| £ AR = | 5| £ s 5 £ = | 5| <
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an] o0 o oo o
Non-accidental Cardiovascular IHD Cerebrovascular Respiratory
Cause of Death

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.



Articles

THE LANCET

S

Volume 380 - Number 9859 - Pages 2053-2260 - December 15, 2012-January 4, 2013 www.thelancet.com

The Global Burden of Disease Study 2010

Lancet 2012; 380: 2224-60

See Comment pages 2053, 2054,
2055, 2058, 2060, 2062,
and 2063

See Special Report page 2067

See Articles pages 2071, 2095,
2129, 2144, 2163, and 2197

*Author lsted alphabetically
Hoint senior authors

#Corresponding author

See Online for appendix
Forinteractive versions of
figures 3, 4,and 6 see httpy/
healthmetricsandevaluation.org/
gbdivisualizations/regional
Institute for Health Metrics

and Evaluation

(55 Lim PAD, A D Flaxman Pho,

KG Andrews MPH, C Atkinson 85,
£ Canahan BA, KE Colson BA,

The Lancet (ISSN 0099-5355) is published weekly, except for the last issue in December whic is 2 riple issue, by Elsevier Lid. © 2012 Elsevier Lid. All rights reserved. Flsevier Lid's North American agent is Elsevier Inc., RE Engell BA, G Freedman BA,
360 Park Avenue South, New York. NY 100101710, USA. Tek: 212.633-3800. Fax: 212-633-3853. Periodical postage paid at New York NY and additional mailing offices. # 585.880 USPS CDN PM#0905372 MK Freeman BA,
changes to The Lancet, Elsevier. Subscription Customer Service, 3251 Riverport Ln, Maryland Heights MO 63043, USA. E Gakidou PhD, R Jasrasaria A,

mum;::wumﬂdwms& used under license. Printed in USA.

Founded 1823 Published weekly
2224

A comparative risk assessment of burden of disease and
injury attributable to 67 risk factors and risk factor clusters
in 21 regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010
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Summary
Background Quantification of the disease burden caused by different risks informs prevention by providing an
account of health loss diffe to that provided by a d by-di analysis. No complete revision of global

disease burden caused by risk factors has been done since a comparative risk assessment in 2000, and no previous
analysis has assessed changes in burden attributable to risk factors over time.

Methods We estimated deaths and disability-adjusted life years (DALYs; sum of years lived with disability [YLD] and
years of life lost [YLL]) attributable to the independent effects of 67 risk factors and clusters of risk factors for 21 regions
in 1990 and 2010. We estimated exposure distributions for each  year, reglon sex, and age group, and relative risks per

unit of exp by ically reviewing and syntk d and unpublished data. We used these estimates,
together with estimates of cause-specific deaths and DALYs from the Global Burden of Dlsease Study 2010, to calculate
the burden attributable to each risk factor exp: pared with the th i risk We
incorporated uncertainty in disease burden, relative nsks and exp into our esti of attributabl burden.

Findings In 2010, the three leading risk factors for global disease burden were high blood pressure (7:0%
[95% uncertainty interval 6 - 2-7 - 7] of global DALYs), tobacco smoking including second-hand smoke (6-3% [5-5-7-0]),
and alcohol use (5:5% [5:0-5-9]). In 1990, the leading risks were childhood underweight (7-9% [6-8-9-4)),
household air pollution from solid fuels (HAP; 7-0% [5-6-8-3]), and tobacco smoking including second-hand
smoke (6-1% [5-4-6-8]). Dietary risk factors and physical inactivity collectively accounted for 10-0% (95%
UI 9-2-10-8) of global DALYs in 2010, with the most prominent dietary risks being diets low in fruits and those high

in sodlum Several risks that primarily affect childhood ¢ icable diseases, including unimp 1 water and
ion and childhood mic ient deficiencies, fell in rank between 1990 and 2010, with unimproved water
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What is the Global Burden of Disease?

o The Social Network but actually important.” —HANK GREEN

-

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

http://www.healthdata.org/gbd

One Doctor. Seven Billion Patients.

JEREMY N. SMITH



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



General approach
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PMZ.S
Ozone » »

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




Population attributable fraction

RR, relative risk
at each
exposure level

P, proportion of
population at each
exposure level

m, maximum |

[

P’, counterfactual
proportion of
population at each
exposure level

exposure level jRR(I}P(I)dl . J‘RR(I}P'{ x)dx

PAF =

j' RR(x)P(x)dx

r={)

Population Attributable Fraction: sex, age, country, time
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Annual -average PM2.5 (ug/m3)
Satellite-derived (2005)

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

« Unigue contributions from
each approach

2004

150

Ground monitors
)
o

50

Calibration Regression Model
By Super—-Region

superregion
® Central Europe, Eastern Europe, and Central Asia
Adjusted R2: 0.64
® Latin America and Caribbean Z
® North Africa and Middle East
® South Asia i
Southeast Asia, East Asia, and Oceania

e Sub-Saharan Africa

3
o

* approximate location

unspecified monitor type

" PM, ¢ calculated (from PN

10)

T 1
0 50 100

Fused(Mean of satellite and TM5 models)
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Integrating risk from multiple sources to estimate risk due to ambient PM, .
Integrated Exposure-Response functions (IER)

Key assumption

Risk is function of PM, ¢
inhaled dose regardless (
source

Extrapolation model

*reflect change in risk
observed in cohort stud
at low concentrations

*near-linear at low
concentrations

epredict risk for highest

PM,

from smoking (Pope et
al.2011)

Adjusted RR

 consistent with risks
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Estimated daily exposure, mg of PM, ., and increments of cigareties/day

Burnett et al. 2014



