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ShortShort--Term EffectsTerm Effects

Question:Question:
•• Does the number of deaths on a particular Does the number of deaths on a particular 

day increase if air pollution increases on day increase if air pollution increases on 
that day or on previous days?that day or on previous days?



Effect of Pollution Episode on Mortality
                  (London, England)
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Summary for particlesSummary for particles

Open circles: multi-pollutant models



Summary for NOSummary for NO22

Open circles: multi-pollutant models



Particle Retention in Human LungsParticle Retention in Human Lungs
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ShortShort--term Effects: Who is at term Effects: Who is at 
risk?risk?

!! Under pollution levels observed today, Under pollution levels observed today, 
only persons with compromised only persons with compromised 
physiologic systems should be at risk for physiologic systems should be at risk for 
shortshort--term effects of air pollution.term effects of air pollution.

!! E.g.: cardioE.g.: cardio--pulmonary diseases, cancerpulmonary diseases, cancer



Principal Air Pollution Monitors on the IslandPrincipal Air Pollution Monitors on the Island



NONO22 in Montreal: 1984in Montreal: 1984--19931993
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Ozone in Montreal: 1984Ozone in Montreal: 1984--19931993
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Temporal Cycles in Mortality
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Relationship Between Daily Mortality Relationship Between Daily Mortality 
and Mean Daily Temperatureand Mean Daily Temperature
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Original versus ReanalysisOriginal versus Reanalysis
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Original versus ReanalysisOriginal versus Reanalysis
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Reanalysis: Sensitivity to TemperatureReanalysis: Sensitivity to Temperature
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Reanalysis: Sensitivity to TemperatureReanalysis: Sensitivity to Temperature
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Study DesignStudy Design
Mortality data QHIP

Billing
data

Prescription
data

procedures
diagnoses
MD specialty
location of
service

type
dose
duration

Morbidity indices Statistical analyses

Exposure
data

air pollution
meteorologic

(Record Linkage) (Data for 5 years before
death)

Study Design for Acute Effects
(1995-2002)



Congestive Heart Failure
Warm Season - April to September
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Panel Study of CHFPanel Study of CHF



!! Objective:Objective: to determine whether daily to determine whether daily 
exacerbations in essential signs, exacerbations in essential signs, 
symptoms, and physiologic indicators symptoms, and physiologic indicators 
fluctuate with daily variations in fluctuate with daily variations in 
concentrations of ambient air pollutionconcentrations of ambient air pollution



DesignDesign
!! Daily diary of signs and symptomsDaily diary of signs and symptoms
!! Daily measurements of:Daily measurements of:

!! oxygen saturation, pulse rate oxygen saturation, pulse rate 
!! weightweight
!! blood pressureblood pressure

!! Hourly measurements of air pollutants Hourly measurements of air pollutants 
and weather conditionsand weather conditions

!! 22--3 months duration per subject 3 months duration per subject 



!! Physiologic parameters:Physiologic parameters:
!! Weight, oxygen saturation, heart rate, blood Weight, oxygen saturation, heart rate, blood 

pressure, swelling of anklepressure, swelling of ankle
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Longitudinal Study of Air Longitudinal Study of Air 
PollutionPollution



MotivationMotivation

!! Analytic issues associated with time series Analytic issues associated with time series 
studies (statistical models, confounding)studies (statistical models, confounding)

!! Other designs needed that account for:Other designs needed that account for:
!! Personal risk factors (e.g., comorbidity)Personal risk factors (e.g., comorbidity)
!! TimeTime--varying covariatesvarying covariates
!! Recurrent events and multiple endpointsRecurrent events and multiple endpoints



Male Patient Age 65-69 Years at Time of Death

1809-1814
6 days

Hospitalization
MI, CHF

1073

OUT PT
Cystoscopy

1826

DEATH
MI

MXNF0969006H

1

Start
data

1767

Prescription
Additional

Diuretic

1805-1808

ER
Ischemic HD

4 days

1803

OUT PT CLINIC
Atrial

Fibrillation Dx

1815

OUT PT
Nuclear Scans

Ventricular Fcn

1217-1219
3 days

Hospitalization
Dysrhythmia,

Ischemic Heart Dis.

533-542
10 days

Hospitalization
Resp., MI, Hyper.,

Arrhythmia

1013-1025
13 days

Hospitalization
MI, Atherosclerosis,

Cholesterol

1752

OUT PT CLINIC
CHF Dx

1595

Prescription
Diuretic, Nitro.,
Digoxin, NSAID,

Anti-Hyper.



Model for Change of Health State in Model for Change of Health State in 
CHFCHF

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

Acute exacerbation-mild

Increase in dose of the diureticsDecline in condition

Change to a combination of diureticsDecline in condition

Change to a more potent diureticDecline in condition

Increase in dose of the diureticDecline in condition

First prescription for a diureticFirst treated

First diagnoses and tests; no medicationNewly diagnosed

DefinitionHealth state



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

Acute exacerbation-mild

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

Acute exacerbation-
moderate

Long-term hospitalization (3-10 
days) for decompensated heart 
failure/sequela 

Acute exacerbation-
serious

Long-term hospitalization (>10 
days) for decompensated heart 
failure/sequela 

Serious decline-endstage 
heart failure 

Unscheduled procedure-heart 
transplant 

Serious decline-endstage 
heart failure 



LongLong--Term EffectsTerm Effects



!! Question:Question:
!! Does the rate of adverse health events (e.g., Does the rate of adverse health events (e.g., 

lung cancer incidence) increase with past lung cancer incidence) increase with past 
exposures to air pollution?exposures to air pollution?



Cohort StudiesCohort Studies

Select

Ascertain

Exposure Outcome

Past Present



Cohort StudiesCohort Studies

Subjects
•

 X

Time

•
X•

 X•

•

End of 
follow-upIntake period



Measure of AssociationMeasure of Association

Exposed:
Rate=#events/
#in cohort

X•

•

 X

•

Subjects
Unexposed:
Rate=#events/
#in cohort

 X •

•

Time

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



Cohort StudiesCohort Studies
!! The Harvard SixThe Harvard Six--cities Studycities Study
!! The American Cancer Society StudyThe American Cancer Society Study
!! California Adventist Health Study of SmogCalifornia Adventist Health Study of Smog
!! Netherlands Study of Diet and HealthNetherlands Study of Diet and Health



Harvard SixHarvard Six--Cities Study: Levels Cities Study: Levels 
of particles in the early 1980sof particles in the early 1980s

Fine particles (Fine particles (µµg/mg/m33))

11.011.0
12.512.5
14.914.9
19.019.0
20.820.8
29.6

Portage (WI)Portage (WI)
Topeka (KS)Topeka (KS)
Watertown (MA)Watertown (MA)
St. Louis (MO)St. Louis (MO)
Harriman (TN)Harriman (TN)
Steubenville (OH)Steubenville (OH) 29.6

Montreal- 1980s: 20 µg/m3;  1990s: 15 µg/m3



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

1.011.01

1.201.20

1.181.18

1.131.13

RR for a RR for a 
10 10 µµg/mg/m33

increaseincrease

1.01 (0.791.01 (0.79--1.30)1.30)Other causesOther causes

1.43 (0.851.43 (0.85--2.41)2.41)Lung cancerLung cancer

1.38 (1.121.38 (1.12--1.69)1.69)CardiopulmonaryCardiopulmonary

1.28 (1.101.28 (1.10--1.48)1.48)All causesAll causes

Relative Risk (95% Relative Risk (95% 
CI) for a 20 CI) for a 20 µµg/mg/m33

increaseincrease

Mortality from:Mortality from:

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



The American Cancer Society The American Cancer Society 
StudyStudy
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The American Cancer Society The American Cancer Society 
Study: Fine ParticlesStudy: Fine Particles

1.01 (0.951.01 (0.95--1.06)1.06)Other causesOther causes

1.14 (1.041.14 (1.04--1.23)1.23)Lung cancerLung cancer

1.09 (1.031.09 (1.03--1.101.10CardiopulmonaryCardiopulmonary

1.06 (1.021.06 (1.02--1.11)1.11)All causesAll causes

Relative Risk (95% CI) for Relative Risk (95% CI) for 
a 10a 10µµg/mg/m33 increaseincrease

Mortality from:Mortality from:

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



#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y#Y

#Y

#Y

#Y

#Y #Y

#Y

#Y
#Y#Y

#Y

#Y

#Y

#Y
#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y #Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y #Y

#Y

#Y

#Y
#Y #Y

#Y#Y#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y
#Y

#Y

#Y #Y
#Y

#Y#Y

#Y

#Y

#Y
#Y

#Y

#Y #Y

#Y #Y

#Y

#Y

#Y
#Y

#Y

#Y#Y #Y #Y
#Y

#Y

#Y

#Y#Y

#Y

#Y

#Y

#Y

#Y
#Y#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y
#Y

#Y

#Y

#Y
#Y

#Y

#Y
#Y #Y#Y

#Y#Y

Salt Lake City

New York

Boston

Seattle

San Francisco

Los Angeles

Dallas

Denver

Minneapolis

Memphis
Atlanta

#

Washington

Gary

Nashville

New Orleans

Tampa

Detroit

Phoenix

Houston

Kansas City

#

Steubenville

Billings

Oklahoma City

#

Charleston

#

Johnstown

           Low Sulfate Air Pollution
         High Mortality
         Medium Mortality
         Low Mortality

           Medium Sulfate Air Pollution
         High Mortality
         Medium Mortality
         Low Mortality

           High Sulfate Air Pollution
         High Mortality
         Medium Mortality

#Y Sulfate Cohort Loc'ns  (151)

500 0 500 1000 Miles

500 0 500 1000 1500 Kilometers

Sulfate (SO4) Air Pollution Levels
and

Mortality Rates (All Cause)

Note: Low Mortality rate is not present in 
areas with High Sulfate Air Pollution



The Adventist Health Study of The Adventist Health Study of 
Smog: Fine ParticlesSmog: Fine Particles

WomenWomenMenMenMortality from:Mortality from:

Relative Risk (95% CI) for a 24.8 Relative Risk (95% CI) for a 24.8 
µµg/mg/m33 increaseincrease

1.33 (0.601.33 (0.60--2.96)2.96)

0.92 (0.800.92 (0.80--1.05)1.05)

0.94 (0.860.94 (0.86--1.03)1.03)

3.36 (1.573.36 (1.57--7.19)7.19)Lung cancerLung cancer

1.10 (0.941.10 (0.94--1.30)1.30)CardiopulmonaryCardiopulmonary

1.11 (0.981.11 (0.98--1.26)1.26)All causesAll causes

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



The Netherlands Cohort Study The Netherlands Cohort Study 
on Diet and Healthon Diet and Health
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The Netherlands Cohort Study on The Netherlands Cohort Study on 
Diet and Health: Black Smoke & NODiet and Health: Black Smoke & NO22

NONO22 (30.4 (30.4 µµg/mg/m33))B.S. ( 9.3 B.S. ( 9.3 µµg/mg/m33))Mortality from:Mortality from:

Relative Risk (95% CI) for an increaseRelative Risk (95% CI) for an increase

1.08 (0.631.08 (0.63--1.85)1.85)

1.81 (0.981.81 (0.98--3.34)3.34)

1.25 (0.831.25 (0.83--1.89)1.89)

1.09 (0.711.09 (0.71--1.69)1.69)NonNon--
CardiopulmonaryCardiopulmonary

1.71 (1.101.71 (1.10--2.67)2.67)CardiopulmonaryCardiopulmonary

1.31 (0.951.31 (0.95--1.80)1.80)All causesAll causes

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



Comparison of Relative Risks for Comparison of Relative Risks for 
Fine Particles (10 Fine Particles (10 µµg/mg/m33))

1.101.10

NANA

1.781.78

1.341.34

NetherNether
landslands

N/AN/A

1.631.63
1.121.12

1.041.04
0.970.97

1.051.05
0.980.98

AdventistAdventist
(Men/(Men/
Women)Women)

1.011.01

1.141.14

1.091.09

1.061.06

ACSACS

1.011.01Other causesOther causes

1.201.20Lung cancerLung cancer

1.181.18CardiopulmonaryCardiopulmonary

1.131.13All causesAll causes

66--CitiesCitiesMortality from:Mortality from:



Other Evidence: Other Evidence: Cardiovascular Cardiovascular 
diseasesdiseases

ShortShort--term increases in fine particles related term increases in fine particles related 
to:to:
!! Heart attacks Heart attacks 
!! Decreased heart rate variabilityDecreased heart rate variability
!! Defibrillator interventionsDefibrillator interventions
!! Arterial vasoconstriction in healthy adultsArterial vasoconstriction in healthy adults



Toronto CAPToronto CAP--Ozone Chamber StudyOzone Chamber Study

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

! Particles (150µg/m3) with O3 (120 ppb)
! Two hour inhalation led to increased 

brachial artery vasoconstriction.  
! Proposed mechanism: endothelins

Brook, Circulation 2002;105:1534-36



Interaction with Social ClassInteraction with Social Class

!! 3 cohort studies showed that the air 3 cohort studies showed that the air 
pollution effects increased with lower pollution effects increased with lower 
levels of attained educationlevels of attained education

!! Possible explanations:Possible explanations:
!! persons in disadvantaged areas are more persons in disadvantaged areas are more 

susceptible to the effects of air pollution susceptible to the effects of air pollution 
!! local levels of air pollution in disadvantaged local levels of air pollution in disadvantaged 

areas are higher than the cityareas are higher than the city--wide averages wide averages 
used in the analyses, so the observed effect is used in the analyses, so the observed effect is 
due simply to measurement error due simply to measurement error 



CaseCase--Control StudiesControl Studies



CaseCase--control Studiescontrol Studies

Ascertain

Select

Exposure Outcome

Past Present



Lung CancerLung Cancer

Barbone Barbone 
1995; 1995; 
Biggeri  Biggeri  
1996 1996 

1.4 (1.11.4 (1.1--1.8)1.8)Estimated levels of Estimated levels of 
deposition of deposition of 
particles: >0.298 particles: >0.298 
gg--mm22/day/day

Trieste Trieste 

Jedrychow-
ski 1990

1.5 (1.11.5 (1.1--2.0)2.0)High levels particles High levels particles KrakowKrakow

Vena 1983Vena 19831.7 (1.01.7 (1.0--2.9 )2.9 )High levels TSPHigh levels TSPBuffaloBuffalo

Pike  1979Pike  19791.3 (NS)1.3 (NS)High levels TSP, High levels TSP, 
benzo[a]pyrene benzo[a]pyrene 

Los AngelesLos Angeles

Ref.Ref.OR (95%CI)OR (95%CI)MetricMetricAreaArea



Lung CancerLung Cancer

Nyberg 2000Nyberg 20001.4 (1.11.4 (1.1--2.0) 2.0) NONO22 averaged over a averaged over a 
3030--year period year period 
(traffic (traffic 
density/dispersion density/dispersion 
models): >29models): >29µµg/mg/m33

Stockholm Stockholm 

Katsouyanni Katsouyanni 
19911991

1.11.1High concentrations High concentrations 
of sootof soot

AthensAthens

Xu 1989, Xu 1989, 
19961996

Somewhat: 1.5 Somewhat: 1.5 
(1.2(1.2--2.0)2.0)
Smoky: 2.3 (1.7Smoky: 2.3 (1.7--
2.9)2.9)

Perceived smokiness Perceived smokiness 
in the outdoor in the outdoor 
environment environment 

Northeastern Northeastern 
China China 

Ref.Ref.OR (95%CI)OR (95%CI)MetricMetricAreaArea



Childhood CancerChildhood Cancer

Hodgkin’s diseaseHodgkin’s disease

LymphomasLymphomas

Leukemias, CNS, Leukemias, CNS, 
lymphomaslymphomas

Cancer sitesCancer sites

Benz: 1.8 (1.2Benz: 1.8 (1.2--2.8)2.8)
NONO22: 2.5 (1.2: 2.5 (1.2--5.3)5.3)

Doubling of Doubling of 
exposureexposure

Benz: Benz: 1.3 (1.01.3 (1.0--1.6)1.6)
NONO22: 1.5 (1.0: 1.5 (1.0--2.3)2.3)

Benzene and NOBenzene and NO2 2 
during during 
pregnancy: pregnancy: 
doubling of doubling of 
exposureexposure

No associationsNo associationsBenzene and NOBenzene and NO2 2 
before pregnancy before pregnancy 
of during of during 
childhoodchildhood

DenmarkDenmark

OR (95%CI)OR (95%CI)MetricMetricAreaArea

Raaschou-Nielsen 2001 AJE 153:433-443



Childhood CancerChildhood Cancer

11
1.9 (0.81.9 (0.8--4.5)4.5)
3.8 (1.23.8 (1.2--12.1)12.1)

<<49 49 µµg/mg/m33

5050--7979
>>8080

All cancerAll cancer

1.04 (1.001.04 (1.00--1.08 1.08 NONO22 perper µµg/mg/m33CNSCNS

1.02 (0.981.02 (0.98--1.06 1.06 NONO22 perper µµg/mg/m33LeukemiasLeukemias

All cancerAll cancer

Cancer sitesCancer sites

1.02 (1.001.02 (1.00--1.04) 1.04) NONO22 perper µµg/mg/m33SwedenSweden

OR (95%CI)OR (95%CI)MetricMetricAreaArea

Feychting, 1998 Scand J Work Environ Health 24:8Feychting, 1998 Scand J Work Environ Health 24:8--1111



Childhood CancerChildhood Cancer

1.7 (1.01.7 (1.0--2.8)2.8)All cancers All cancers 
combinedcombined

1.4 (0.51.4 (0.5--4.4)4.4)Soft tissueSoft tissue

1.7 (0.81.7 (0.8--3.9)3.9)BrainBrain

0.7 (0.20.7 (0.2--3.0)3.0)LymphomasLymphomas

4.7 (1.64.7 (1.6--13.5) 13.5) Highest to lowest Highest to lowest 
traffic density traffic density 
categorycategory

LeukemiasLeukemiasDenver Denver 

Cancer sitesCancer sites OR (95%CI)OR (95%CI)MetricMetricAreaArea

Savitz 1989 Scand J Work Environ Health 15:360Savitz 1989 Scand J Work Environ Health 15:360--363363



Childhood CancerChildhood Cancer

Langholz Langholz 
20022002

5th versus 5th versus 
1st quintile:1st quintile:
1.9 (0.91.9 (0.9--
3.7)3.7)

Traffic density of the Traffic density of the 
longest residence of longest residence of 
the subjectthe subject

LeukemiasLeukemiasLos Los 
Angeles Angeles 
County County 

Reynolds Reynolds 
20012001

No assocns.No assocns.Traffic densityTraffic densityLeukemiasLeukemiasSan San 
DiegoDiego

Cancer sitesCancer sites Ref.Ref.OR OR 
(95%CI)(95%CI)

MetricMetricAreaArea



Occupational EvidenceEvidence
! Exposure to combustion products xposure to combustion products 

increases DNA mutations (e.g., from DNA increases DNA mutations (e.g., from DNA 
adducts of polycyclic aromatic adducts of polycyclic aromatic 
hydrocarbons)hydrocarbons)

!! Numerous studies show associations with Numerous studies show associations with 
different sites of cancerdifferent sites of cancer
!! Diesel fumes/particlesDiesel fumes/particles
!! Benzene, vinyl chloride, PAHs (BaP), Benzene, vinyl chloride, PAHs (BaP), 

formaldehyde, ethene, butadiene, alkenes, formaldehyde, ethene, butadiene, alkenes, 
acetaldehyde (see Tormqvist 1994)acetaldehyde (see Tormqvist 1994)



Cancer and Air Pollution in Cancer and Air Pollution in 
MontrealMontreal



!! Objectives: Objectives: 
!! 1) To determine whether exposure to traffic1) To determine whether exposure to traffic--

related air pollution is associated with cancer related air pollution is associated with cancer 
incidenceincidence

!! 2) To determine whether relative risks for air 2) To determine whether relative risks for air 
pollution are higher in disadvantaged areaspollution are higher in disadvantaged areas



!! Makes use of 4 caseMakes use of 4 case--control studies control studies 
carried out in Montreal:carried out in Montreal:
!! MultiMulti--site study in mensite study in men
!! Lung cancer in men and womenLung cancer in men and women
!! Childhood leukemiaChildhood leukemia
!! Breast cancerBreast cancer



Existing DataExisting Data

!! Residential historiesResidential histories
!! Personal information on risk factorsPersonal information on risk factors

!! E.g., breast cancer:  reproductive history, E.g., breast cancer:  reproductive history, 
alcohol consumptionalcohol consumption

!! Occupational exposuresOccupational exposures
!! Other environmental exposuresOther environmental exposures

!! E.g., environmental tobacco smokeE.g., environmental tobacco smoke



New DataNew Data

!! ““Natural Natural neighbourhoodsneighbourhoods” (Nancy Ross, McGill)” (Nancy Ross, McGill)
!! LandLand--use model to find optimal sampling sites use model to find optimal sampling sites 

(Jerrett, McMaster)(Jerrett, McMaster)
!! Exposure monitoring campaign for trafficExposure monitoring campaign for traffic--related related 

air pollution (NOair pollution (NO22, VOCs, PAHs, elemental , VOCs, PAHs, elemental 
carbon) (Jeff Brook, Environment Canada; carbon) (Jeff Brook, Environment Canada; 
Nicolas Gilbert, Health Canada; Jim Nicell, Nicolas Gilbert, Health Canada; Jim Nicell, 
McGill)McGill)



!! Traffic density (Murtaza Heider, Urban Planning, Traffic density (Murtaza Heider, Urban Planning, 
McGill)McGill)

!! FixedFixed--site monitoring data (City of Montreal)site monitoring data (City of Montreal)
!! Spatial smoothing and historical reconstruction Spatial smoothing and historical reconstruction 

of exposureof exposure
!! Random effects logistic models (Renjun Ma, Random effects logistic models (Renjun Ma, 

University of New Brunswick; Rick Burnett, University of New Brunswick; Rick Burnett, 
Health Canada; Ed Hughes, Ottawa)Health Canada; Ed Hughes, Ottawa)



Intake and Follow-up of Cohorts

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

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

Definition 
period for 
1991 
cohorts

No subjects 
selected: 
2000-02

Definition period for other 
individuals
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