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BackgroundBackground
Growing evidence links built Growing evidence links built 
environment to obesityenvironment to obesity

Suggestion of associations Suggestion of associations 
between density, between density, 
connectivity, land use mix, connectivity, land use mix, 
recreation access, safety recreation access, safety 
and obesity in children (N = and obesity in children (N = 
22 studies) 22 studies) 



Evidence on Built Environment and Evidence on Built Environment and 
Obesity in ChildrenObesity in Children

BUT, evidence base is BUT, evidence base is 
overwhelmingly  crossoverwhelmingly  cross--
sectional (17 of 22: sectional (17 of 22: 
Dunton et al. in press)Dunton et al. in press)
Possible Possible ““selfself--selection selection 
biasbias”” –– fit people chose fit people chose 
to live in supportive to live in supportive 
neighborhoodsneighborhoods
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Need for Longitudinal and Need for Longitudinal and 
Traffic Studies Traffic Studies 

No longitudinal studies on No longitudinal studies on 
whether traffic affects whether traffic affects 
development of obesity in development of obesity in 
childrenchildren

Overemphasis on urban Overemphasis on urban 
form over function as form over function as 
traffic continues to traffic continues to 
increase quicklyincrease quickly Frumkin et al. 

(2004)
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Data and MethodsData and Methods
Childrens Health Study Childrens Health Study 

(N = 11,797) (N = 11,797) 

Building on $50+ million Building on $50+ million 
prior investmentprior investment
16 Southern California 16 Southern California 
communitiescommunities
Up to 8 years of follow upUp to 8 years of follow up
BMI (weight and height) BMI (weight and height) 
measured yearly by measured yearly by 
trained staff trained staff 

Geospatial DataGeospatial Data
Land use, Transportation, Business locationsLand use, Transportation, Business locations
Public recreation facilities/programs, Green Public recreation facilities/programs, Green 
cover,cover,
Air pollutionAir pollution
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Characteristics of Analytic Cohort Characteristics of Analytic Cohort 
Age 10Age 10--18 in 12 Communities18 in 12 Communities

21.631.034.524.027.5(1996: 2081)

15.920.236.021.625.3(1993: 2192)

AsianAfrican 
AmericanHispanicNon-Hispanic

White

Ethnicity
All

Prevalence Rate (%) of overweight (BMI ≥ 85th %ile)
Cohort

(year, # of 
subjects)

≥

Analytic Cohort N = 3318 with 
8 years of follow up from ages 
10-18
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Multiple Levels of Built Multiple Levels of Built 
Environment Influences on ObesityEnvironment Influences on Obesity

Level 1: Time
e.g. Asthma, Smoking

Level 2: Individuals
e.g. Connectivity

Level 3: Schools
e.g., Food Access

12 8

1

12 8

N1,1

1

12 8

1

12 8

N1,S1

S1

1

12 8

1

12 8

N12, 1

1

12 8

1

12 8

N12,S12

S12

12 Level 4: Communities
e.g. Sprawl 
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Modeling Approach for Modeling Approach for 
BMI Growth Curves BMI Growth Curves 

Y=BMI (kg/mY=BMI (kg/m22), t=age, Z=built env., X=regional ), t=age, Z=built env., X=regional 
env.env.

1:  1:  g[E(Yg[E(Ycijcij)] = a)] = acici + b+ bcicittcijcij/8 + /8 + δδf(tf(tcijcij))
bbcici = 8= 8--yr BMI growthyr BMI growth

2:  2:  bbcici= b= bcc + + ββ11(Z(Zcici –– ZZcc) + e) + ecici
ββ11 : within: within--community BE effectcommunity BE effect

3:  3:  bbcc= = λλ + + ββ22XXcc + e+ ecc
ββ22 : between: between--community pollution effect,community pollution effect,

urban sprawl, crimeurban sprawl, crime

� Asian
+   Black
× Hispanic
� White

Frank et al. 
2003



RWJF ALR Annual Meeting, San Diego, CA, February 2009

Models Focus on Models Focus on 
Attained BMI at Age 18Attained BMI at Age 18

BMI change 
over 8-yrs

BMI level 
at age 18



Overweight Children Overweight Children 
Lead to Overweight AdultsLead to Overweight Adults
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Multilevel Modeling of Multilevel Modeling of 
BMI Trajectories BMI Trajectories 

Level 1:  Within subject/between timesLevel 1:  Within subject/between times

Allows for: Allows for: 
Prediction of attained BMI levels for each subject at any age Prediction of attained BMI levels for each subject at any age 
Calculation of 8Calculation of 8--yr BMI growth slope for each child yr BMI growth slope for each child 
Adjustment of timeAdjustment of time--dependent covariates (e.g., health status) dependent covariates (e.g., health status) 
NonNon--linear growth trajectory due to pubertylinear growth trajectory due to puberty

� Asian
+   Black
× Hispanic
� White
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Level 2: Between subjects/within communityLevel 2: Between subjects/within community

Allows for: Allows for: 
WithinWithin--community built environment effectscommunity built environment effects
Community average of 8Community average of 8--yr BMI growthyr BMI growth
Adjustment of timeAdjustment of time--independent covariates (e.g., ethnicity) independent covariates (e.g., ethnicity) 
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Level 3:  Between communitiesLevel 3:  Between communities

Allows for: Allows for: 
BetweenBetween--community pollution effect, urban sprawl, crime, social community pollution effect, urban sprawl, crime, social 
conditions conditions 
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BMI Growth Over 8 YearsBMI Growth Over 8 Years

BOYS
GIRLS

Boys
BMI Averages:

18.4 at age 10
24.1 at age 18

Girls
BMI Averages:

18.4 at age 10
23.4 at age 18
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Traffic Exposure VariableTraffic Exposure Variable
California Dept of California Dept of 
Transportation High Transportation High 
Performance Monitoring Performance Monitoring 
System Data System Data 

Conflated to TeleAtlas Road Conflated to TeleAtlas Road 
NetworkNetwork

Estimated based on link dataEstimated based on link data

Kernel estimate with distance Kernel estimate with distance 
decay set to 90% for 150 m, decay set to 90% for 150 m, 
300 m, and 500 m buffers300 m, and 500 m buffers
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Kernel EstimateKernel Estimate

Continuous density surface that downContinuous density surface that down--
weights traffic as a function of increasing weights traffic as a function of increasing 
distance from the childdistance from the child’’s homes home



Variable Type
Individual 
Attributes Household

Residence 
Euclidean 

Buffer

Residence 
Network 
Buffer

School 
Location

School 
Euclidean 

Buffer Census Tract Town Level
SES 9 18 5 5

Health 18
Smoking 5 6

Sports 4
Recreation Access 6

Land Use 51
Traffic 16

Air Pollution 6 6 8
Elevation 1 5

Food 7 7 14
Road Connectivity 10

Green Cover 1 1
Sprawl 23

Measurement Scale

Summary of Variables Tested as Summary of Variables Tested as 
Possible ConfoundersPossible Confounders
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Model SelectionModel Selection

Confounders tested and included if:Confounders tested and included if:

a.a. They have association with BMI growthThey have association with BMI growth
b.b. They change the traffic exposure effect They change the traffic exposure effect 

by 10% or moreby 10% or more

All models control for age, race, cohort, All models control for age, race, cohort, 
and town of residenceand town of residence
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Confounders ofConfounders of
Traffic Around the HomeTraffic Around the Home

Design VariablesDesign Variables
GenderGender
Ethnicity/RaceEthnicity/Race
Cohort of enrollmentCohort of enrollment
Town indicator (fixed or Town indicator (fixed or 
random effect)random effect)

Individual and Household Individual and Household 
LevelLevel
Parental educationParental education
Personal smokingPersonal smoking
Second hand smokeSecond hand smoke
Asthma statusAsthma status
Foreign born statusForeign born status

Neighborhood and Neighborhood and 
Community LevelCommunity Level
Population density Population density 
Street connectivity Street connectivity 
(Gamma Index)(Gamma Index)
Neighborhood poverty Neighborhood poverty 
NDVI remote sensing NDVI remote sensing 
greenness measuregreenness measure
Lack of food accessLack of food access
Violent crime in communityViolent crime in community



ResultsResults: Effects of Traffic at 150 m, 300 m, : Effects of Traffic at 150 m, 300 m, 
and 500 m on Attained BMIand 500 m on Attained BMI
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Confounders: Ethnicity, Gender, Cohorts variables, in addition, adjusted for Parental 
Education, Personal Weekly Smoking, Second Hand Smoke (Current + Past), Ever 
Asthma, Buffer Population, Gamma Index, Proportion of Below Poverty People 
within Census Block, NDVI, Foreign Born, Town Level Violent Crime Rate, and 
Having No Food Stores within 500m Road Network Buffer with Random Town 
Effects 
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Comparison of 150 m and 300m TrafficComparison of 150 m and 300m Traffic
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Summary of ResultsSummary of Results

150 m traffic exposure is a highly 150 m traffic exposure is a highly 
significant predictor of BMI growth for boys significant predictor of BMI growth for boys 
and girlsand girls
300 m traffic exposure weaker effect and 300 m traffic exposure weaker effect and 
larger in girlslarger in girls
500 m effect confounded by other 500 m effect confounded by other 
variables such as density and street variables such as density and street 
connectivity connectivity 
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Effect Size InterpretationEffect Size Interpretation

Evaluated against the Evaluated against the 
average 8average 8--year growth, 10year growth, 10--
90%ile contrast in 150 m 90%ile contrast in 150 m 
traffic increases BMI by traffic increases BMI by 
about 5%about 5%

Although effects appear Although effects appear 
moderate, they potentially moderate, they potentially 
affect large populations; affect large populations; 
therefore public health therefore public health 
impact may be substantialimpact may be substantial



Los Angeles Example: Los Angeles Example: 
~44% of Population Exposed~44% of Population Exposed



Toronto Example: Toronto Example: 
~45%~45% Population Exposed Population Exposed 
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World Population of Vehicles: 1 World Population of Vehicles: 1 
Billion+Billion+

Walsh (2007) In 
preparation
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Production of Vehicles in ChinaProduction of Vehicles in China

Walsh (2007) In 
preparation
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Explanations of Traffic Effect: Explanations of Traffic Effect: 
1. Safety and Physical Activity1. Safety and Physical Activity

Traffic creates sense of danger and Traffic creates sense of danger and 
inhibits mobility by foot and bike inhibits mobility by foot and bike ––
leads to lower physical activity and leads to lower physical activity and 
positive energy balancepositive energy balance

Supported by some studies Supported by some studies 
suggesting perceived traffic danger suggesting perceived traffic danger 
lowers physical activity in children lowers physical activity in children 
and youthand youth



2. Traffic Contributes to 2. Traffic Contributes to 
Chronic DiseaseChronic Disease

Air pollution associated with decrements of Air pollution associated with decrements of 
lung function growth and prevalent/incident lung function growth and prevalent/incident 
asthma in this cohortasthma in this cohort

Asthma and other respiratory conditions Asthma and other respiratory conditions 
associated with increases in 8associated with increases in 8--year BMI year BMI 
growth growth 
Effects of traffic really represent Effects of traffic really represent 
undiagnosed chronic respiratory disease undiagnosed chronic respiratory disease 



Chronic Disease and BMI GrowthChronic Disease and BMI Growth
Effect of Asthma & Current Wheeze

on BMI Level at Age 18
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3. Air Pollution Contributes to 3. Air Pollution Contributes to 
Metabolic DisordersMetabolic Disorders

Recent evidence suggests environmental air Recent evidence suggests environmental air 
pollution may cause metabolic disorders pollution may cause metabolic disorders 
including proincluding pro--obesity conditions at cellular levelobesity conditions at cellular level

Physiopathology of air pollution from traffic may Physiopathology of air pollution from traffic may 
include metabolic effectsinclude metabolic effects



Diabetes and Air PollutionDiabetes and Air Pollution

Other Other 
evidence evidence 
links air links air 
pollution to pollution to 
diabetes in diabetes in 
womenwomen



Concluding Prevention PossibilitiesConcluding Prevention Possibilities

Implement traffic Implement traffic 
calming to improve calming to improve 
safety in impacted safety in impacted 
neighborhoodsneighborhoods

Environmental Green Environmental Green 
Zones to prevent air Zones to prevent air 
pollution in sensitive pollution in sensitive 
areasareas
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Future DirectionsFuture Directions

Focus on younger children Focus on younger children 
aged 5aged 5--10 10 –– does traffic does traffic 
affect them in the same affect them in the same 
way?way?

Examining effects of air Examining effects of air 
pollution directly to test pollution directly to test 
alternative hypothesesalternative hypotheses

Focusing on school Focusing on school 
environments environments –– separate separate 
traffic effects from home?traffic effects from home?
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