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Goals for Review and Critique of
Health Effects

o Update the status of the understanding of
health effiects associated with “primary’ traffic-
generated pollution since publication of the last
HEI critical review-1988

» Provide a comprehensive summary ofi primary.
research studies that met inclusion criteria

— 1980 through Octoeber 2008, published in English

* Provide a qualitative synthesis of the data
across all traffic exposure metrics used In
various summaries

» Meta-analysis not used




Criteria for Inclusion of Studies

e Primary research studies had to include 1 or
more of the following exposure methods

— Distance firom and/or length ofi roadways
— Estimate of traffic density or intensity.
— Modeling of primary traffic-generated pollutant

exposure

— Studies of occupations characterized by exposure
to traffic

— Pollutant surrogates for traffic exposures (e.g.,
NO,, EC/BS, CO, benzene, etc.) only if data
provided to validate the pollutant as a reasonably
specmc surrogate for such exposu re By 3




Criteria for Causal Inference

» Followed approach used in the 2004
Report of the Surgeon General on the
Health Conseguences of Smoking

— Synthesis based on combination of:

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

e statistical inference
 judgment (e.g., Hill’s Criteria)
— criterion ofi coherence articulated by Bates




Criteria for Causal Inference

o 4 categories used by SGR categories to infer
causal association were modified by the guality
of the method to estimate exposure to primary
traffic-generated pollutants

— Sufficient evidence

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

» Measures of SES included in all distance-based studies

— Suggestive but not sufficient

 SGR + only distance-based studies metrics available OR

o All criteria for “sufficient” met but not all distance- based
studies included measures of SES -




Criteria for Causal Inference

— Inadequate and insufficient evidence
e SGR +

— Studies based on distance only metrics not consistent OR

— Results of all studies based on distance only metrics
consistent but studies failed to include measures of SES
(@]

— Results for at least one study based on traffic density or

modeled traffic exposure inconsistent with those firom
distance only studies OR

— Number of distance only studies was too small

— Suggestive ofi no association

 SGR + studies were of adeguate quality (based on
distance only or some measure of traffic density or
modeled exposure) and were consistent in falllng to |
find an association b




Criteria for Causal Inference

Characterization of Emissions

Growth of Population
and Economics
(Chapter 3)

—

Population Control
Technologies
(Chapter 2)

_’

Urbanization and
Land Use
(Chapter 3)

Vehicle
Fleet Size

Vehicle
Mix
Emissions
per Vehicle

Vehicle
Miles
Traveled

(Chapter 2)

Emission
Model(s)
(Chapter 3)

Y

Spatio-temporal

Distribution of Emissions

Sources of Data for Exposure

Estimates and Models

(Chapters 2 and 3)

Spatio-temporal Distribution
of Surrogates of
Traffic-Related Pollution
(Chapter 3)

Y

Impact of Traffic-Related
Pollutants on the “Local Scale”
and Selected Microenvironments
(Chapter 3)

Inferences about
Populations at Risk
and Epidemiologic

Interpretations

(Chapters 6 and 7)

Relationships between Exposure, Biologic
Mechanisms, and Effects on Human Health

/\\

—

Measures of
Surrogates of

Traffic-Generated

Air Pollution
(Chapter 3)

g

Modeled
Estimates of

Traffic-Generated

Air Pollutants
(Chapter 3)

i X

/Statistical Models Linking / .
Exposure to Health Effects / Ei?;?ﬁ:gsaﬁg
\ (Chapter 4) 17 Dose
A
\_/ Hypothesis
. . . |- about Biologic
Toxicologic Investigation of [% \ Responses
Mechanisms and Effects (Chapters 4 and 5)
(Chapter 5) \ /

/

Output of Elements

Models of Activities

and Exposures
(Chapters 2 and 3)

Controlled Exposure Studies Studies in Isolated

in Humans and Animals < Cells (In Vitro)
(Healthy and Diseased) (Chapter 5)
(Chapter 5)




Health 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




Long-Term Exposure to Traffic
Pollution and All-Cause Mortality

Long-term exposure SVt ENe # =V (e[Eqles
— “Suggestive but
Insufficient™ to infer causal
association

e Reasons
— Too few studies

— Second Dutch study found
smaller associations than
In original publication
One set of studies

§ 88 2358 estimated exposure on the

Traiie proximity: residentialdistance to major road Trafic density Per 10ugim3 Per 10ug/m3 county level only, which

or highway modeled PM 2.5

Hoek 2002
Jerrett 2005

Lipfert 2006b
©  Beelen 2008c
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Proximity Density “PM may provide inadequate
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spatial resolution




Short-Term Exposure to Traffic
Pollution and All-Cause Mortality

o Synthesis ofi Evidence

— “Suggestive but
Traffic Insufficient™ to infer

. causal association
Source Apportionment

_ _ * Reasons
Time Series — Only 4 studies met

criteria

— Two were difficult to
Interpret--based on
source apportionment
from central monitors

Two provide consistent
| data based on estimates
at residence




Long-Term Exposure to Traffic Pollution
and Cardiopulmonary Mortality

o Synthesis of

Evidence

— “Suggestive but
Insufficient™ to
infer causal
assoclation

Reasons

— Too few studies

— Relative
: 10ug/m3 Imprecision of
NO, PM most estimates,

Per Per 4 ppb NO2
Oug/m

esidential distance from major road o er
10ug/m3 | 1
BS NO2
Proximity BS




Long-Term Exposure to Traffic Pollution
and Cardiovascular Morbidity

Acute MI, Chronic CAD

o Synthesis of
Evidence

25
0 — “Suggestive but
o Insufficient™
15 .
1.1

e Reasons

| — Noise and stress not
evaluated in several
Important studies

Traffic Proximity (residential NO2 exposure (per IQR estimated from dispersion Traffic density within 100m of

distance to freeway) model) residence Stu d i eS i n real _WO rI d
Proximi NO Densi settings

1

Tonne
2007: AMI
Rosenlund
non-fatal
Mi
Rosenlund
2006: First
MI & in
hospital
death
Rosenlund
2006: First
MI & out of
hospital
death
Tonne
2007:AMI
Hoffmann
2007:CAC

)
R

o 2006: First

Q




Studies of Exposure to Traffic and Cardiac Electrophysiological

Responses—Selected Examples

Study Location

Protocol

Selected
Traffic
Marker

Selected
Outcomes

Estimated
Effect (95%
Cl or SD)

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

1-hr bus trip,
several hours
off bus activity,
1-hr bus trip

«5, 30, 60 minute
and 4, 24-hr BC
and PM2.5 prior
to bus trip

*BC IQR
magnitude: On
bus: 2.6 ug/m3
Off bus: 0.27
ug/ma3

SDNN (ms)

5-min mean-
tot

24-hr mean-
tot

5 min on bus
5 min off bus

QR BC

-0.3 (-0.01, -
0.05)

-4.7 (-3.5, -5.9)
4.6 (-3.0, -6.1)
-0.1 (0.1, -0.3)

Riediker et al. 2004a
North Carolina, U.S.

4 consecutive

Days of
monitoring

e|n-vehicle
(police

Patrol car)
*PM, 5 by
gravimetric &
light scattering

Morning Post

Per 10ua/m3

EXQOSU e
SDNN (ms)

Light
scattering
Mass

Total Power

WIS

PM, 5

15.2 (5.02)
10.3 (29.45)




Effects of Traffic Exposure on
Respiratory Disease and Symptoms

e Areas Covered

— Asthma, respiratory symptoms and asthma-
related health problems

— Pulmonary Function and objectively assessed

COPD
— Allergy and allergic sensitivity
o Separate evaluations for association between

traffic exposure and childhood and adult
respiratory disease and symptoms




Effects of Traffic Exposure on
Respiratory Disease and Symptoms

e |[mportant issues considered
— Phenotypic heterogeneity of asthma and COPD
— VVariability of definitions used In different studies

— Separation ofi new onset asthma from
exacerbations

o Difficulty in separation of risk factors for asthma
onset from those related to exacerbation

— Use of cross-sectional asthma studies with
retrospective reconstruction ofi exposure

— Potential that childhood-onset and adult-onset
may be distinct phenotypes




Effects of Traffic Exposure on Doctor-
Diagnosed Asthma in Children

Synthesis of Evidence

ncident Asthma — “Sufficient” OR
“suggestive but
Insufficient” to infer
causal association

Reasons

» Some concern about
the imprecision of

OR (95% CI)

estimates

Studies that included
both traffic-specific
pollutants and density
measures provided
DISTANCE | TRAFFIC | SPATIAL - urban vs. most consistent results

Role of allergic status
as a modifier not
entirely consistent




wos > ssfewsy :g00c WIS

WG =< Se[ews) :£00g BWIyS

wQog > ssfew :g00¢ BWIUS

SPATIAL - urban vs.

woG=< s9few 00c BWIUS

J|Pw/ddA 0€ =<:¥00c noliwz

TRAFFIC
DENSITY

Jevw/ddA 8'8¢C - ¢'LI 700¢ hollwz

aAISn|oul SIA 9 - 0 :800g uleisusbliopy

wos=> AJuo JA pug :900g uwieisuabiop

DISTANCE

w 0g => AUo 1S1.:9002 UIeisuabliop

a4 10 sIA 9 - 0 :800¢ Uieisuablop

Exposure on Doctor-

Distance Density Spatial

qdd g9 Jed :800z neuer

sIA 2 11 12002 Buuysn

IC

aJI7 J0 A 1S| 2002 Bulysn

AlUQ JA puZ :9002 Waisuabiopy

AJUO JA 1S| 19002 Waisusbiop

SIA ¥ - 0 :£00¢ Joneig

AUQ JA Uir:2002 Joneig

avalant Acthrma
ocvalCliit Aol iifia

AUQ JA puUg 2002 Jeneig

NO2 (per IQR)

AluQ JA 1L 12002 Jeneig

o) <

LI T BT )
< ™ [qV] —

.
D
S
O
m
O
=
qe
=
O
d
)
<
©
D
)
@
=
(@)
O
)

(1D %S6) HO

Effects of Traff




lon of

e
qu)
O
-
(¢b)
O
qe)
x
LL]
=
@)
(€b)
S
)
(0P
@)
@)
x
LL]

IC

Effects of Traff

IC

Non-asthmat

IC IN

Children

Symptoms in Asthmat

(Aluo shog)
ZON UBIH yim 19811S wied "sa Asng :966T 931181SO

(Aluo spo)
ZON UBIH /m 19a11S wpe) "SA Asng :966T 991491SO

(looyos Arepuodas) VL Mo "SA YBIH :000Z UUBA

(jooyos
Arepuo2as) |1 MOT "SA WNIP3IA :000Z UUSA

(looyas Arewid) VL Mo "sA YBIH :000Z UUSA

(looyos Arewnd) IVL MO “SA WNIPSIA :000Z UUBA

junod
olyens moj “sA (pda 000'00€<) UBIH €002 1elodIN

Aep 1ad sxon11 000°2T 4ad €00z uassuer

AadA 000°Gz 1ad :€66T 1SIM

WQOT<'SA WQOOT> :L66T IBIIA UeA

Aywixoud
Remaauy ul asealoul YOI Jad 500z uewapnes)

(Auo uaipiyo)
Aempeol o WOST UIYIM WQE 18d ‘5002 UUBA

(I1v) Aempeos Jo W OGT UIYIM WOQE 49d :S00Z UUSA

(sAoq) wog Jad :TOOZ UUBA

(s1B) wog 18d :TO0Z UUBA

WoOk< "SA WOOT 9002 Ueky

(3J1] J0 JA pug) WOG<'SA WOG=> :900Z Ulaisuabion

(8411 J0 JA 1ST) WQG<'SA WQG=> :/00Z UId1suablon

W 00g< "SA W G/> 1900¢ [IBUUODIN

imi

Traffic Dipmx(

< ™

(1D %S6) olrey sppo




Synthesis of Evidence

— Exacerbations with asthma—""Sufficient” to infer causal
association

— Symptoms in non-asthmatics -“inadequate and insufficient”
to Infer causal associations

Reasons (non-asthmatics)
— Most studies not restricted to subjects with asthma
» results seem to be driven by children with asthma

Increase in Wheeze

)
w
al

Per increment NO,

(&)
B
Ye)
28
Q
g
%)
o)
a
(e}

per IQR NO2 - 1st year of life

(Allergic Children)
Hirsch 1999: per 10ug/m3 NO2

per 10.3 ug/m3 in NO2 - 2nd year of life
per 10.6 ug/m3 in NO2 - 4th year of life
per 10.6 ug/m3 in NO2 - 4th year of life
per 8.5 ug/m3 NO2 - 1st year of life

per 8.5 ug/m3 NO2 - 2nd year of life
per IQR NO2 - 2nd year of life
Gauderman 2005: Per 5.7 ppb NO2
Janssen 2003: per 18 ug/m3 NO2
Nordling 2008: per 44ug/m3 NOx

Van Roosebroeck 2008: per 17ug/m3
Nicolai 2003: >=57.4 vs. < 57.4 ug/m3

Brauer 2007 Gehring 2002 Morgenstern 2006 Other Authors
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Effects of Traffic Exposure on Onset
of Asthma in Adults

o Synthesis of Evidence

— “Inadequate and insufficient’™ to
Infer causal association

e Reasons:

— Only one study separated adult
from childhood onset asthma




Effects of Traffic Exposure on
Respiratory Symptoms in Adults

o Synthesis of Evidence

— “Suggestive but not sufficient’ to Infer
causal assoclation

e Reasons

— Inconsistent results between
proximity and model-based estimates
of association
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Effects of Traffic Exposure on
_ung Function

e Some general Issues

— Most studies do not report on full range of
measurements available with spirometry

 Forced expiratory volume one-second (FEV,) and FVC
used most frequently, although not necessarily the most

physiologically relevant
— FEV,/FVC ratio has problem of specificity for early stage COPD

» Cross-sectional studies reflect effects of long-
term exposure superimposed on short-term
effects




Effects of Traffic Exposure on Lung Function

Synthesis of Evidence
— “Suggestive but insufficient to infer for causal association
Reasons

— Heterogeneous study designs
» Difficult to separate specific traffic surrogates from background urban pollution
» Limited exposure contrasts in cross-sectional studies

— Heterogeneous measures of lung function

OR for “Low” FEV,

Odds Ratio (95% ClI)

Hirsch 1999: per | Janssen 2003: per | Janssen 2003: per | Schikowski 2005 Schikowski 2008 Schikowski 2008
1ug/m3increase | 17,000 trucks/day | 120,000 cars/day

Benzene Traffic Volume Traffic Proximity: Residence <=100m to road with >10,000
cars/day vs. living >100m to busy road




Effects of Traffic Exposure on Lung Function

Traffic Volume or Intensity
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Odds Ratio (95% Cl)

1.0 [

I 0.8
o

2
o
)
&
o
o
N
3
Q
8
z

Effects of Traffic Exposure on
Non-asthmatic Allergy

I o
f

\,
——
5

—o——
H—1

Nicolai 2003: High

Nicolai 2003: Medium

Response &
Residential Traffic
Volume in SHS
exposed children

+SPT, t-vol

Positive Skin Prick Test|

Nicolai 2003: Low | —@———
o

Nicolai 2003: High

Nicolai 2003: Medium

Elevated IgE
(>0.7kU/L) &

Residential Traffic in
SHS Exposed Children

IgE, t-vol

Nicolai 2003: Low
Nicolai 2003: High

Nicolai 2003: Medium
2003: conjunctivitis

Janssen 2003: itchy rash

Janssen
Hirsch 2000: elevated IgE to latex

Cesaroni 2008: self-reported rhinitis

Janssen 2003: SPT+, outdoor allergens

Dr. DxHay Fever & ruck Traffic (daily
Residential Traffic in counts)
SHS children

HF, t-vol truck cnts t-vol

Cesaroni 2008: self-reported rhinitis

proximity

Synthesis ofi Evidence

— “Inadequate and
Insufficient’ data to infer
causal association

Reasons

— [Inconsistent choice of
methods to identify
allergy

— Inadequate exploration of
response heterogeneity.
— Minor point
» | ack of consideration of
antigens in road dust
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RR (95% Cl)

Quintile 3 vs. 1
Quintile 4 vs. 1
Quintile 5 vs. 1

Quintile 2 vs. 1

Pre-term birth &
traffic density
(Wilhelm 2003)

Pre-Term
Density

Quintile 3 vs. 1
Quintile 4 vs. 1
Quintile 5 vs. 1

Quintile 2 vs. 1

Pre-term birth +
LBW & traffic
density (Wilhelm
2003)

Middle SES
Low SES

Pre-term birth
in summer &
traffic density

(Ponce 2005)

Middle SES
Low SES

Pre-term birth
in winter &
traffic density

(Ponce 2005)

Quartile 2 vs. 1
Quartile 3vs. 1
Quartile 4 vs. 1

Birthweight
<3000g &
PM2.5
exposure
(Slama 2007)

PT/LBS Summer Winter LBW
Density  PT, Density

PM,5

NO per 10ug/m3

<50m Highway
<150m Highway
<50m Major road

NO2 per 10ug/m3
PM2.5 per 1 ug/m3

Small for gestational age
(Brauer 2008)

SGA

NO2 per 10ug/m3
NO per 10ug/m3

PM2.5 per 1 ug/m3

LBW at > 37
wks (Brauer
2008)

LBW

NO, PM, . Proximity

Effects of Traffic Exposure on Birth Outcomes

» Synthesis of
Evidence

— “Insufficient
evidence” to infer
causal association

Reasons

— Only 4 studies met
criteria for
Inclusions
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Conclusions From
Epidemiologic Studies

* “Sutticient ” evidence to . «Jpadequate and
Infer causal associations insufficient” evidence to

Infer causal assoclations
— Adult onset asthma

— Health care utilization for
childhood and adult
respiratory diseases

— Exacerbations of asthma

— Asthma incidence and
prevalence in children

o “Suggestive but
Insufficient’” evidence

— Mortality (all-cause and
cardiovascular) - COPD

— Decreases in lung function — Non-asthmatic allergy
— General respiratory — Birth outcomes
Symptoms — Cancers
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