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Short-Term Effects

Question:

DEES the nUMmBEr of deaths onla partcular
day increase: i aif pollltien IRCreases 6n
uhat day. 61 N previeus; days?
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Mexico City Vancouver

LOCATION

Data from Michael Brauer, U. of British
Columbia.

Mexico City
air sample

Lung of
Mexico City
resident




Short-term Effects: Who Is at
risk?

Under peliution’levelss elhsernved today,
enly Persens; wWith conpromised
physielogic systems should lve at rsk for

Short-term effects of ailif poeliution.
E.Q.: cardie-pulnmoenany diSeases, CARCer



Pollution:Monita

| Concantration of ambient total suspended panicules (pgim®)
I Arfihrnetic Mean

——




NO Inf Moentreal: 1964-1993



Ozone In Montreal: 1984-1993



Or Viean: llemperature
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Number of deaths per day
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Daily Nonaccidental Mortality
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Observed/fitted number of deaths
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Relationship Between Daily: Mortality
and Mean: Daily: Temperature



M ean Percent Changein Daily M ortality
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M ean Percent Changein Daily Mortality
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Reanalysis: Sensitivity: te Temperature



Reanalysis: Sensitivity: to Temperature



Mortality data

(Record Linkage)

QHIP

Billing
data

procedures
diagnoses
MD specialty
location of
service

Prescription
data

type
dose
duration

Morbidity indices

(Datafor 5 years before
death)

Exposure
data

air pollution
meteorologic

Statistical analyses




Congestive Heart Failure
Warm Season - April to September



Panel Stuady: off CHE



Ohjective: to determine Whether daily,
Exaceations; Inressentiali signs,
Ssymptoms, and physielegic Indicators
fitctuate withrdaily varations, 1n
concentrations off ambient air pellttien



Design

Daily: diany; i SIgnRs and Symptens

Daily: meastrements; of:

5 OXyeen saturatien, pulse: rate
5 Welght

» bleoad pressure

IHourly measurements ofi airr poliutants
and weather conditions

2-3l montihs duration’ per sukject



PhySIelogIc parameters:

s Welght, oxygen saturation), heart rate, vleoad
pressure, swelling of ankie
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Date: 1. Please record [T 1 2. Please record Using the pulse
Month Daay your weighit: E | YOour {7 oximeter, please x i
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oximeter, _lJ_ clectronic blood . . | | LH pillows did vou
= 5 please record 2)i010, Pressure gauge., [Lerioiio DA LD use last night 2
L LA your pulse rate PIER A please record yvour :‘ 1402 LFES DA when you E 3
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TALT AT 7. DVid you have any joint pain yesterday? L [ J Yes
sileiim 8. DVid you have a runny nose or sore throat vesterday? L Mo ) Yes
£ RENIRE) 9. IDVid you hawve a cough yvesterday? L Mo L es
10, Were you raking antibiotics yesterday? L2 MNo . Yes
! 11. Did you add salt to any of yvour meals yvesterday? (NGO, g0 o #12) 0 Mo . es
} For how many meals? (1002 (3 ""—'—-"—:I
12, How many Bl 13. DVid voum cat any of the following foods vesterday?
cups of Hquid | Prepackaged soups L Mo i Yes
did you drink = "2 Sauces: chilli, HF, saya,VWH, Worcestershire, ordinary ketchup L4 No J Yas
vesterday? B Pickled foods (e g., olives, pickles) o MNo  Yes
e Canned foods {e.g., sardines, baked beans) ) Mo fes
2= Salted crackers (e.g., Ritz) L Mo L+ Yes
LERECY | Ancacids {e.g., Bromo Seltzer) ) Mo { Tes
e Chips, pretzels, salted nuts, etc. .. L No . Yes
LR | Cold cues (e g., pepperoni, ham, smolked meat, bacon) L No d Tes
TILTH Fish LA MNo . Yes
BN Mineral water containing salt ! Mo 2 Yes
IEL) Frozen dinners LMo 1 Yes
Breaded foods L Mo 7 Yes
Salted butter, margarine, peanut butter L7 Mo ) Yes
Store-bought salad dressings ' No : Yes

RRRRRRNRRAE




To help people say how good or bad their health is, we have drawn a scale (rather like a thermometer) on which we would like vou to
rate six aspects of your health. The best imaginable state is 100 and the worst imaginable state is 0. We would like you to place a
mark on cach scale to indicate how good or bad vour health is today. This mark corresponds to your opinion of your health.

Bad Good
(Frors1 imaginebie surie) (Best imaginable state)
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 W 75 80 B w0 95 100
Your health this merning
Shortness of breath at might D @ @ 8 8 8 @ 8 @ @ 8 B @ 6 % B & &8 € 8 O
AT AT U T B 7 BT S e R B TS T R O T T TR
Shortness of breath while moving DSOS N el SRS R S TR TR BB S R
EEEEEEEEEEFE P EEE EEEEEE e P E e e
Swelling of legs or ankles B & B @ &8 @ 5 @ @ @ 2 @ 8 & & 8@ 8 & 28 @
[T 0 T T T T T T T N T ST I T B S T ) e
Weakness or dirzriness ) 5 T B 25 3 T T T s G s &5. W TS (B0 5 50  #  do
EEeEEEEEEEeEEER St F FEEE e EEEE T EEEEEELR
Fatigue B OE @M s & E & g M e eS8 85 BB @B & B &5 B @
T I T TR TR S ST TS T BT TR R (TR T IS (T R e S [ O
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Longittdinal Sthdy: of Alr
Pollutien



Motivation

ARalytic ISSUEs asspelated With e Seres
studies (statistical moedels, confieunading)

Other designs needed that account for:
a Personal rsk facters (e.g., comornidity)

s [ime-varying cevariates

s Recurrent events and multiple endpoeints



Male Patient Age 65-69 Years at Time of Death

Prescription Prescription
Diuretic, Nitro., Additional ER
Digoxin, NSAID, Diuretic Ischemic HD
Anti-Hyper. 4 days
OUT PT OUT PT CLINIC OUT PT CLINIC OUT PT
Cystoscopy CHF Dx Atrial Nuclear Scans
Fibrillation Dx Ventricular Fen
-
art
ata
1
| N\ N\ N\ N\ N\
| A A A A A
/4
1815
1073 1595 1752 1767 1803
1826
1805-1808 DEATH
Ml
e Lﬂ ~
533-542 1013-1025 1217-1219 1809-1814
10 days 13 days 3 days 6 days

MXNF0969006H



Maedell for Change of Health State 1n
CHE

Health state Definition

Newly diagnosed First diagnoses and tests; no medication
First treated First prescription for adiuretic

Decline in condition Increase in dose of the diuretic

Decline in condition Change to a more potent diuretic

Decline in condition Change to a combination of diuretics
Decline in condition Increase in dose of the diuretics

Acute exacerbation-mild Emergency room or unscheduled outpatient

clinic visit for decompensated heart
failure/sequela



A cute exacerbation-mild

Emergency room or unscheduled
outpatient clinic visit for
decompensated heart failure/sequela

A cute exacerbation-
moderate

Short-term hospitalization (<3 days)
for decompensated heart
fallure/sequela

Acute exacerbation-
Serious

L ong-term hospitalization (3-10
days) for decompensated heart
fallure/sequela

Serious decline-endstage
heart failure

L ong-term hospitalization (>10
days) for decompensated heart
fallure/sequela

Serious decline-endstage
heart failure

Unscheduled procedure-heart
transplant




Leng-Tierm: Effects



QUEstLIen:

s Does the rate off adverse health events; (e.d.,
IUNGI CANCEN INCIGENCe) Increase Wit past
EXPOSUres to allr poeliution?



Cohort Studies




Cohort Studies

Subjects

IE
End of

Intake period follow-up



Measure of Association

) EXxposed:
Rate=#events/
#in cohort

Subjects w

Unexposed:
' Rate=#-events/
#in cohort

Relative risk=rate(exposed)/rate(unexposed)



Cohort Studies

Fhe Hanvard Six-cities: Stuay/

Fhe American Cancer Seciety: Stuay
Califiernia Adventist Health Study: eff Smeg
Netherlands Study: ofi Diet and Healitn



Harvard Six-Cities Study: Levels
Ol particies in the early: 1980s

Eine particles (ug/me)

Portage (WI) 11.0
Topeka (KS) 12.5
Watertown (IMA) 149
St. Louis (MO) 19.0
IHarrman: (TN) 20.8
Steukenville (OH) 29.6

Montreal- 1980s: 20 ug/m3; 1990s: 15 ug/m?3



The Harvard Six-cities Study:
Fine: Particles (From Reanalysis)

Mertality firom: Relative Risk (95%  [RR for a
Cl) for a 20 pg/me 101 wo/me
Increase Increase
All causes 1.28 (1.10-1.48) 1.13
Caradiopulmenary. 1.38 (1.12-1.69) 1118
LURGI cancer 1.43 (0.85-2.41) 1.20
Other causes 1.01 (0.79-1.30) (I 0)

Krewski et al. 2000 Health Effects Institute Report (Boston)




TFhe American Cancer Soclety
Stuay



0s Angeles
Y Y

|

Modeled (Kriged) Sulfate (SO,) Surface

)
Nashville
b
Merphis

Houston v
Y




The American Cancer Soclety.
Study: Eine Particles

Mertality, fren:

Relative Risk (95% Cl) 1or
a 10pg/me Increase

All- causes

1.06 (1.02-1.11)

Candiepulmonay.

1.09 (1.03-1.10

LUNG; CANCEr

1.14 (1.04-1.23)

Other causes

1.01 (0.95-1.06)

Pope et al. JAMA 2002;287:1132-41




Sulfate (SO,) Air Pollution Levels
and

Mortality Rates (All Cause)

Y Billings

Salt Lake City

Y
Yy

¥ Denver
Y
¥
Y

Oklahoma City
Y

Y Phoenix

W

Kansas City
Y Y

Y

Me\r{nphls

Nashville
¥.

Charleston
Y

Y




The Adventist Health Study: of
SMeg: Fine Particles

Relative Risk (95% Cl)) for ar 24.8

ug/me increase

Mortality firom:

Vien

\Woemen

Alll causes

1.11 (0.98-1.26)

0.94 (0.86-1.03)

Cardiepulimoenary.

1.10 (0.94-1.30)

0,92 (0.80-1.05)

LUngl cancer

3.36 (1.57-7.19)

1.33 (0.60-2.96)

Abbey et al. Am J Resp Crit Care Med 1999;159:373-82




Fhe Netherlands Cohort Study,
oni Diet and Health



s OGAWA Samplers Locations
U MOE AQI Stations
..’..,’ Municipal Boundary
/\/ Expressways / Divided Highways
NO Mixing Ratios [P.P.B.V.]
> 65.00

60.01 65.00
55.01 - 60.00
50.01 - 55.00
45.01 - 50.00
40.01 - 45.00
35.01 - 40.00
30.01 - 35.00
10 Kilometers %81 - gggg

< 20.00

© SR




The Netherlands Conort Study on
Diet anal Health: Black Smoke & NO,

Relative Risk (95%, Cl)) fer an Increase

Mortality firom:

B.S. (9.3 ng/m?)

NO, (30.4 pg/m?)

All causes

1.31 (0.95-1.80)

1.25 (0.83-1.89)

Cardiepulimoenany.

1.71 (1.10-2.67)

1.81 (0.98-3.34)

Non-
Cardiepulmoenary

1.09 (0.71-1.69)

1.08 (0.63-1.85)

Hoek et al., Lancet 2002;360:1203-9




Comparison of Relative Risks fior
Fine Particles (10! na/m>)

Mertality firom: 6-Cities) [ACS | Adventist | Nether
(Men/ lands
Woemen)

All' causes 1.13 1.06 |1.05 1.34
0.98

Cardiopulmonany, | 115 1.09 |1.04 1.78
0.97

Lung| cancer (520 1.14 |1.63 NA
1.12

Other causes 1.01 1.01 [N/A 1.10




Other Evidence: Cardievascular
diseases

Short-term Increases; in fine: particles related
[0)¢
s Heart attacks

» Decreased heart rate varanility,

x Defibrllator InterVentions

x Arteralf vasecoenstriction in healthy: adulis




Toronte CAP-Ozene Chamber Study,

Double-blind, cross-over study to
controlled 24-hr exposures to
concentrated Toronto particles

Particles (150ug/m?3) with O, (120 ppb)

Two hour inhalation led to increased
brachial artery vasoconstriction.

Proposed mechanism: endothelins
Brook, Circulation 2002;105:1534-36



Interaction with Social Class

3 conort studies showed: that the: ailr
pollution: erfects Increased wWith lower
evels of attained education

Possiklerexplanations:

5 PErsens In disadvantaged areas; are more
susceptible te the: effects ofi air poliution

a lecal levels of aliF pelitiueniin; disadvantaged
areas are nigher than the city-Wide: averages
Used In the analyses, so the olhserved efifect Is
due simply to' measurement error




Case-Control Studies



Case-control Studies




LUng Cancer

Area Metric OR (95%Cl) Ref.
Los Angeles | Highi levels TSP, 1.3 (NS) Pike 1979
penze|ajpyrene
Bufifale High levels TSP 1.7 (1.0-2.9) Vena 1963
Kirakew, Highi levels particles | 1.5 (1.1-2.0) Jedrychow-
ski 1990
Trieste Estimated! levels of 1.4 (1.1-1.8) Barbone
depesition: of 1995;
particles: >0.298 Biggeri
1996

g-mz/day




LUng Cancer

Area Metric OR (95%Cl) Ref.
Northeastern | Perceived smoekiness | Semewhat: 1.5 Xui 1989,
China I thereutdeor (1.2-2.0) 1996
envirenment Smoky: 2.3 (1.7-
2.9)
Athens HIgh concentrations. | 1.1 Katseuyanni
off Seot 1991
Stocknolm NO; averagediovera |1.4 (1.1-2.0) Nyerg 2000

30-year period
(traific
density/dispersion
models): >29ug/m:




Childheod Cancer

Area

Cancer sites

Vietric

OR (95%Cl)

Denmark

Leukemias, CNS;
lymphenas

Benzene and NOy
PEefore pregnancy.
off during
childheod

No associations

Lymphomas

Benzene andNOy
durng
pregnancy/:
doubling of;
exposure

Benz: 1.3 (1.0-1.6)
NO,: 1.5 (1.0-2.3)

Hodgkin's disease

Doubling of
exposure

Benz: 1.8 (1.2-2.8)
NO,: 2.5 (1.2-5.3)

Raaschou-Nielsen 2001 AJE 153:433-443



Childheod Cancer

Area Cancer sites Metric OR (95%Cl)
Sweden; [ Allfcancer NO, per pg/me | 1.02/(1.00-1.04)
Alllcancer =49 ng/mpg 1
50-79 1.9 (0.8-4.5)
=80 3.8 (1.2-12.1)
Leukemias NO, per pg/m? 1.02 (0.98-1.06
CNS NO, per pg/m? 1.04 (1.00-1.08

Feychting, 1998 Scand J'\Work Enviren Health 24:8-11




Childheod Cancer

Area Cancer sites Metric OR (95%¢Cl)
Denver Leukemias HIglhest te) lowest: 4.7 (1.6-13.5)
traffic density
categoerny
Lymphemas 0.7 (0.2-3.0)
Birain 1.7 (0.8-3.9)
Soft tissue 1.4 (0.5-4.4)
All-cancers 1.7 (1.0-2.8)
combined

Savitz 1989 Scand'J Work Environ Health 15:360-363




Childheod Cancer

Area Cancer sites Metric Ref.
(95%CI)

San Leukemias Traffic density. Noerassocens. | Reynolds

Diego 2000)1

oS Leukemias Traffic density of the | 5th versus | Langhelz

Angeles longest residence off | 1st guintile: | 2002

County thersuject: 1.9 (0.9-

3.7)




Occupational Evidence

EXpesure ter compustion: products
ncreases DINA mutations: (e.a., friem; DNA
adducts ofi pelyeyclic arematic

Ry drecarens)

NUmerous studies, shew: associations with
diffferent sites o cancer
s Diesel fumes/panticles

x Benzene, vinyli chlorde, PAHS (BaPk),
formaldehyde; ethene, butadiene, alkenes,
acetaldehyde (see lflormagvist 1994)



Cancer and Air Pollution In
Montreal



Ohjectives:

s 1) Te determine Whether expestre tor traffic-
related air polltitien! Is; asseclated With Cancer:
Incidence

2 2) e determine Whether relative: isks for: air
pollutionrare RIgher In disadvantageadl areas



Makes use of 4 case-control studies
carried out i Montreal:

s Multi=site: study 1n men

» LURQg cancer In men and Wemen
s Childheod leukemia

s Breast cancer



EXisting, Data

Residentiall istories

Personal information on risk factors

x E.g., breast cancer: repreductive histeny,
alconol consumptien

s Occupationall expesures

x OtHer environmental exposures
E.Q., envirenmental tehaceco smoke



New: Data

“Natural neighbourneods” (INancy: Ress, VicGill)

Land-use moedel torfind optimall sampling| Sites
(Jernrett, MelMaster)

EXpesure moniteing campaign for traffic-related
alif poliution (NGO, VOES; PAHS; elemental
carnon) (Jefi Brook; Envircnment Canada;
Nicelas Gillkert, Healthr Canadas; Jiny INIcell,
MCGill)



raffic density: (Murtaza Helder, Urban: Planning,
MeGill)

Eixea-site moenitenng data (City off Montreal)

Spatiali smoeoethingl and histericall reconstruction
O exposure

Random: effects' logistic models (Renjun Ma,
University off New! Brunswick; Rick BUrnett,
Healtinr Canada; Edi Hughes, Ottawa)



Intake and Follow-up of Cohorts

1991-2002: Follow-up for adverse events
and change in health states

No subjects

Definition Definition period for other

period for individuals selected:
1991 2000-02
cohorts

1989 90 91 92 93 94 95 96 97 98 99 2000 01 02
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