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Goals for Review and Critique ofGoals for Review and Critique of 
Health EffectsHealth Effects

•• Update the status of the understanding of Update the status of the understanding of 
health effects associated with health effects associated with ““primaryprimary”” traffictraffic-- 
generated pollution since publication of the last generated pollution since publication of the last 
HEI critical reviewHEI critical review--19881988

•• Provide a comprehensive summary of Provide a comprehensive summary of primary primary 
researchresearch studies that met inclusion criteriastudies that met inclusion criteria
–– 1980 through October 2008, published in English1980 through October 2008, published in English

•• Provide a qualitative synthesis of the data Provide a qualitative synthesis of the data 
across all traffic exposure metrics used in across all traffic exposure metrics used in 
various summariesvarious summaries

•• MetaMeta--analysis not usedanalysis not used
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Criteria for Inclusion of StudiesCriteria for Inclusion of Studies
•• Primary research studiesPrimary research studies had to include 1 or had to include 1 or 

more of the following exposure methodsmore of the following exposure methods
–– Distance from and/or length of roadwaysDistance from and/or length of roadways
–– Estimate of traffic density or intensityEstimate of traffic density or intensity
–– Modeling of primary trafficModeling of primary traffic--generated pollutant generated pollutant 

exposureexposure
–– Studies of occupations characterized by exposure Studies of occupations characterized by exposure 

to trafficto traffic
–– Pollutant surrogates for traffic exposures (e.g., Pollutant surrogates for traffic exposures (e.g., 

NONO22 , EC/BS, CO, benzene, etc.) , EC/BS, CO, benzene, etc.) onlyonly if data if data 
provided to validate the pollutant as a reasonably provided to validate the pollutant as a reasonably 
specific surrogate for such exposurespecific surrogate for such exposure
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Criteria for Causal InferenceCriteria for Causal Inference

•• Followed approach used in the 2004 Followed approach used in the 2004 
Report of the Surgeon General on the Report of the Surgeon General on the 
Health Consequences of SmokingHealth Consequences of Smoking
–– Synthesis based on combination of:Synthesis based on combination of:

•• theoretical concepts of causality (e.g., control of theoretical concepts of causality (e.g., control of 
confounding, potential outcomes)confounding, potential outcomes)

•• statistical inferencestatistical inference
•• judgment (e.g., Hilljudgment (e.g., Hill’’s Criteria)s Criteria)

–– criterion of coherence articulated by Batescriterion of coherence articulated by Bates
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Criteria for Causal InferenceCriteria for Causal Inference
•• 4 categories used by SGR  categories to infer 4 categories used by SGR  categories to infer 

causal association were modified by the quality causal association were modified by the quality 
of the method to estimate exposure to primary of the method to estimate exposure to primary 
traffictraffic--generated pollutantsgenerated pollutants
–– Sufficient evidenceSufficient evidence

•• SGR + at least 1 study measured traffic density or SGR + at least 1 study measured traffic density or 
modeled exposure to trafficmodeled exposure to traffic--generated pollutants ORgenerated pollutants OR

•• Measures of SES included in all distanceMeasures of SES included in all distance--based studiesbased studies

–– Suggestive but not sufficientSuggestive but not sufficient
•• SGR + only distanceSGR + only distance--based studies metrics  available ORbased studies metrics  available OR
•• All criteria for All criteria for ““sufficientsufficient”” met but not all distancemet but not all distance--based based 

studies included measures of SESstudies included measures of SES
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Criteria for Causal InferenceCriteria for Causal Inference
–– Inadequate and insufficient evidence Inadequate and insufficient evidence 

•• SGR +SGR +
–– Studies based on distance only metrics not consistent ORStudies based on distance only metrics not consistent OR
–– Results of all studies based on distance only metrics Results of all studies based on distance only metrics 

consistent but studies failed to include measures of SES consistent but studies failed to include measures of SES 
OROR

–– Results for at least one study based on traffic density or Results for at least one study based on traffic density or 
modeled traffic exposure inconsistent with those from modeled traffic exposure inconsistent with those from 
distance only studies ORdistance only studies OR

–– Number of distance only studies was too smallNumber of distance only studies was too small

–– Suggestive of no associationSuggestive of no association
•• SGR + studies were of adequate quality (based on SGR + studies were of adequate quality (based on 

distance only or some measure of traffic density or distance only or some measure of traffic density or 
modeled exposure) and were consistent in failing to modeled exposure) and were consistent in failing to 
find an associationfind an association
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Organization of the ReportOrganization of the Report

Criteria for Causal InferenceCriteria for Causal Inference
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Health Outcomes EvaluatedHealth Outcomes Evaluated
• Mortality (all cause, cardiorespiratory)
• Cardiovascular morbidity
• Respiratory disease

– Asthma—childhood/adult
– General respiratory symptoms
– Lung function-childhood/adult/COPD
– Health care utilization

• Non-asthmatic allergy
• Birth Outcomes
• Cancer
• Exposure in occupational settings 
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LongLong--Term Exposure to Traffic Term Exposure to Traffic 
Pollution and AllPollution and All--Cause MortalityCause Mortality

•• Synthesis of EvidenceSynthesis of Evidence
–– ““Suggestive but  Suggestive but  

insufficientinsufficient”” to infer causal to infer causal 
associationassociation

•• ReasonsReasons
–– Too few studiesToo few studies
–– Second Dutch study found Second Dutch study found 

smaller associations than smaller associations than 
in original publication in original publication 

–– One set of studies One set of studies 
estimated exposure on the estimated exposure on the 
county level only, which county level only, which 
may provide inadequate may provide inadequate 
spatial resolutionspatial resolution
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•• Synthesis of EvidenceSynthesis of Evidence
–– ““Suggestive but  Suggestive but  

insufficientinsufficient”” to infer to infer 
causal associationcausal association

•• ReasonsReasons
–– Only 4 studies met Only 4 studies met 

criteriacriteria
–– Two were difficult to Two were difficult to 

interpretinterpret----based on based on 
source apportionment source apportionment 
from central monitorsfrom central monitors

–– Two provide consistent Two provide consistent 
data based on estimates data based on estimates 
at residenceat residence

ShortShort--Term Exposure to Traffic Term Exposure to Traffic 
Pollution and AllPollution and All--Cause MortalityCause Mortality

Source ApportionmentSource Apportionment
Time SeriesTime Series
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LongLong--Term Exposure to Traffic Pollution Term Exposure to Traffic Pollution 
and Cardiopulmonary Mortalityand Cardiopulmonary Mortality

•• Synthesis of Synthesis of 
EvidenceEvidence
–– ““Suggestive but Suggestive but 

insufficientinsufficient”” to to 
infer causal infer causal 
associationassociation

•• ReasonsReasons
–– Too few studiesToo few studies
–– Relative Relative 

imprecision of imprecision of 
most estimates, most estimates, 
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LongLong--Term Exposure to Traffic Pollution Term Exposure to Traffic Pollution 
and Cardiovascular Morbidityand Cardiovascular Morbidity

•• Synthesis of Synthesis of 
EvidenceEvidence
–– ““Suggestive but Suggestive but 

insufficientinsufficient””

•• ReasonsReasons
–– Noise and stress not Noise and stress not 

evaluated in several evaluated in several 
important studiesimportant studies

–– Need for more Need for more 
studies in realstudies in real--world world 
settingssettings
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Studies of Exposure to Traffic and Cardiac ElectrophysiologicalStudies of Exposure to Traffic and Cardiac Electrophysiological
ResponsesResponses——Selected ExamplesSelected Examples

Study LocationStudy Location ProtocolProtocol Selected Selected 
Traffic Traffic 
MarkerMarker

Selected Selected 
OutcomesOutcomes

Estimated Estimated 
Effect (95% Effect (95% 
CI or CI or ±±SDSD )

Adar et al. 2007Adar et al. 2007
St. Louis, MO U.S. St. Louis, MO U.S. 

11--hr bus trip, hr bus trip, 
several hours several hours 
off bus activity, off bus activity, 
11--hr bus triphr bus trip

••5, 30, 60 minute 5, 30, 60 minute 
and 4, 24and 4, 24--hr BC hr BC 
and PM2.5 prior and PM2.5 prior 
to bus trip to bus trip 
••BC IQR BC IQR 
magnitude:   On magnitude:   On 
bus:  2.6 bus:  2.6 μμg/m3   g/m3   
Off bus: 0.27 Off bus: 0.27 
μμg/m3g/m3

SDNNSDNN (ms)(ms)
55--min meanmin mean-- 

tottot
2424--hr meanhr mean-- 

tottot
5 min on bus5 min on bus
5 min off bus5 min off bus

QR BCQR BC
--0.3 0.3 ((--0.01, 0.01, -- 
0.050.05))
--4.7 (4.7 (--3.5, 3.5, --5.9)5.9)
--4.6 (4.6 (--3.0, 3.0, --6.1)6.1)
--0.1 (0.1, 0.1 (0.1, --0.3)0.3)

RiedikerRiediker et al. 2004aet al. 2004a
North Carolina, U.S.North Carolina, U.S.

4 consecutive4 consecutive
Days of Days of 
monitoringmonitoring

••InIn--vehicle vehicle 
(police(police
Patrol car)Patrol car)
••PMPM2.52.5 by by 
gravimetric & gravimetric & 
light scatteringlight scattering

Morning PostMorning Post
ExposureExposure
SDNNSDNN (ms)(ms)
Light Light 

scatteringscattering
MassMass

Total PowerTotal Power
Light Light 

scatteringscattering
MassMass

Per 10Per 10μμg/m3 g/m3 
PMPM2.52.5

15.2 (15.2 (±±5.02)5.02)
10.3 (10.3 (±±9.45)9.45)

13.4 (13.4 (±±8.20)8.20)
20.7 (20.7 (±±13.7)13.7)
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Effects of Traffic Exposure onEffects of Traffic Exposure on 
Respiratory Disease and SymptomsRespiratory Disease and Symptoms

•• Areas CoveredAreas Covered
–– Asthma, respiratory symptoms and asthmaAsthma, respiratory symptoms and asthma-- 

related health problemsrelated health problems
–– Pulmonary Function and objectively assessed Pulmonary Function and objectively assessed 

COPDCOPD
–– Allergy and allergic sensitivityAllergy and allergic sensitivity

•• Separate evaluations for association between Separate evaluations for association between 
traffic exposure and childhood and adult traffic exposure and childhood and adult 
respiratory disease and symptomsrespiratory disease and symptoms
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Effects of Traffic Exposure onEffects of Traffic Exposure on 
Respiratory Disease and SymptomsRespiratory Disease and Symptoms

•• Important issues considered Important issues considered 
–– Phenotypic heterogeneity of  asthma and COPDPhenotypic heterogeneity of  asthma and COPD
–– Variability of definitions used in different studiesVariability of definitions used in different studies
–– Separation of new onset asthma from Separation of new onset asthma from 

exacerbationsexacerbations
•• Difficulty in separation of risk factors for asthma Difficulty in separation of risk factors for asthma 

onset from those related to exacerbationonset from those related to exacerbation
–– Use of crossUse of cross--sectional asthma studies with sectional asthma studies with 

retrospective reconstruction of exposure retrospective reconstruction of exposure 
–– Potential that childhoodPotential that childhood--onset and adultonset and adult--onset onset 

may be distinct phenotypesmay be distinct phenotypes
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Effects of Traffic Exposure on DoctorEffects of Traffic Exposure on Doctor-- 
Diagnosed Asthma in ChildrenDiagnosed Asthma in Children

•• Synthesis of EvidenceSynthesis of Evidence
–– ““SufficientSufficient”” OR OR 

““suggestive but suggestive but 
insufficientinsufficient”” to infer to infer 
causal associationcausal association

•• ReasonsReasons
•• Some concern about Some concern about 

the imprecision of the imprecision of 
estimatesestimates

•• Studies that included Studies that included 
both trafficboth traffic--specific specific 
pollutants and density pollutants and density 
measures provided measures provided 
most consistent results most consistent results 

•• Role of allergic status Role of allergic status 
as a modifier not as a modifier not 
entirely consistententirely consistent

Incident AsthmaIncident Asthma

NONO2  2  Distance  Density  SpatialDistance  Density  Spatial
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Effects of Traffic Exposure on Exacerbation of Effects of Traffic Exposure on Exacerbation of 
Symptoms in Asthmatic in NonSymptoms in Asthmatic in Non--asthmatic asthmatic 

ChildrenChildren
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•• Synthesis of EvidenceSynthesis of Evidence
–– Exacerbations with asthmaExacerbations with asthma——””SufficientSufficient”” to infer causal to infer causal 

associationassociation
–– Symptoms in nonSymptoms in non--asthmatics asthmatics --““inadequate and insufficientinadequate and insufficient”” 

to infer causal associationsto infer causal associations
•• Reasons (nonReasons (non--asthmatics)asthmatics)

–– Most studies not restricted to subjects with asthmaMost studies not restricted to subjects with asthma
•• results seem to be driven by children with asthmaresults seem to be driven by children with asthma
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Effects of Traffic Exposure on Onset Effects of Traffic Exposure on Onset 
of Asthma in Adultsof Asthma in Adults

•• Synthesis of EvidenceSynthesis of Evidence
–– ““Inadequate and insufficientInadequate and insufficient”” to to 

infer causal associationinfer causal association

•• ReasonsReasons::

–– Only one study separated adult Only one study separated adult 
from childhood onset asthmafrom childhood onset asthma
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Effects of Traffic Exposure on Effects of Traffic Exposure on 
Respiratory Symptoms in AdultsRespiratory Symptoms in Adults

•• Synthesis of EvidenceSynthesis of Evidence
–– ““Suggestive but not sufficientSuggestive but not sufficient”” to infer to infer 

causal associationcausal association

•• ReasonsReasons
–– Inconsistent results between Inconsistent results between 

proximity and modelproximity and model--based estimates based estimates 
of associationof association
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Effects of Traffic Exposure on Effects of Traffic Exposure on 
Respiratory Symptoms in AdultsRespiratory Symptoms in Adults
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Effects of Traffic Exposure onEffects of Traffic Exposure on 
Lung FunctionLung Function

• Some general issues
– Most studies do not report on full range of 

measurements available with spirometry
• Forced expiratory volume one-second (FEV1 ) and FVC 

used most frequently, although not necessarily the most 
physiologically relevant

– FEV1 /FVC ratio has problem of specificity for early stage COPD

• Cross-sectional studies reflect effects of long- 
term exposure superimposed on short-term 
effects
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Effects of Traffic Exposure on Lung FunctionEffects of Traffic Exposure on Lung Function
•• Synthesis of EvidenceSynthesis of Evidence

–– ““Suggestive but insufficientSuggestive but insufficient”” to infer for causal associationto infer for causal association
•• ReasonsReasons

–– Heterogeneous study designsHeterogeneous study designs
•• Difficult to separate specific traffic surrogates from backgrounDifficult to separate specific traffic surrogates from background urban pollutiond urban pollution
•• Limited exposure contrasts in crossLimited exposure contrasts in cross--sectional studiessectional studies

–– Heterogeneous measures of lung functionHeterogeneous measures of lung function
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Effects of Traffic Exposure onEffects of Traffic Exposure on 
NonNon--asthmatic Allergyasthmatic Allergy

•• Synthesis of EvidenceSynthesis of Evidence
–– ““Inadequate and Inadequate and 

insufficientinsufficient”” data to infer data to infer 
causal associationcausal association

•• ReasonsReasons
–– Inconsistent choice of Inconsistent choice of 

methods to identify methods to identify 
allergyallergy

–– Inadequate exploration of Inadequate exploration of 
response heterogeneityresponse heterogeneity

–– Minor pointMinor point
•• Lack of consideration of Lack of consideration of 

antigens in road dustantigens in road dust
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Effects of Traffic Exposure on Birth OutcomesEffects of Traffic Exposure on Birth Outcomes

•• Synthesis of Synthesis of 
EvidenceEvidence
–– ““Insufficient Insufficient 

evidenceevidence”” to infer to infer 
causal associationcausal association

•• ReasonsReasons
–– Only 4 studies met Only 4 studies met 
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Effects of Traffic Exposure on CancerEffects of Traffic Exposure on Cancer

•• Synthesis of Synthesis of 
EvidenceEvidence
–– ““InsufficientInsufficient”” 

evidence to evidence to 
infer causal infer causal 
associationassociation

•• ReasonsReasons
–– Too few Too few 

studies of any studies of any 
one type of one type of 
cancercancer
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•• Synthesis of Synthesis of 
EvidenceEvidence
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evidence to evidence to 
infer causal infer causal 
associationassociation

•• ReasonsReasons
–– Too few Too few 

studies of any studies of any 
one type of one type of 
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Conclusions From Conclusions From 
Epidemiologic StudiesEpidemiologic Studies

•• ““Sufficient Sufficient ”” evidence to evidence to 
Infer causal associationsInfer causal associations
–– Exacerbations of asthmaExacerbations of asthma
–– Asthma incidence and Asthma incidence and 

prevalence in childrenprevalence in children
•• ““Suggestive but Suggestive but 

insufficientinsufficient”” evidenceevidence
–– Mortality (allMortality (all--cause and cause and 

cardiovascular)cardiovascular)
–– Decreases in lung functionDecreases in lung function
–– General respiratory General respiratory 

symptoms  symptoms  

•• ““Inadequate and Inadequate and 
insufficientinsufficient”” evidence to evidence to 
Infer causal associationsInfer causal associations
–– Adult onset asthmaAdult onset asthma
–– Health care utilization for Health care utilization for 

childhood and adult childhood and adult 
respiratory diseasesrespiratory diseases

–– COPDCOPD
–– NonNon--asthmatic allergyasthmatic allergy
–– Birth outcomesBirth outcomes
–– CancersCancers
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THE END
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