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Uncertain Geographic Context Problem

* Inconsistent findings in built environment and energy
balance research

* Uncertain Geographic Context Problem

— “The spatial uncertainty in the actual areas that exert the
contextual influences under study and the temporal
uncertainty in the timing and duration in which individuals
experienced these contextual influences”*

* Kwan M. Annals of the Association of American Geographers, 102(5) 2012, pp. 958-968.
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Inconsistent Findings in Built Environment

Literature

* Previous research has relied mainly on pre-defined
areas, or buffers, around a geocoded home address

* Buffer definitions are based primarily on the
transportation literature describing the upper limit of
the distance that individuals will walk

* However, there is no uniform buffer type used across
studies
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Aims

* We examined how defining the built environment
with different buffer sizes and buffer shapes could
influence associations with physical activity and BMI

* We hypothesized that

— Measures of intersections (count and density) and
businesses (count and density) would be positively
associated with physical activity and negatively
associated with BMI

— There would be an optimal buffer shape and size to
isolate these associations
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Population

* Participants were selected from two large states in
the nationwide the Nurses Health Study I, a large
ongoing prospective cohort study

— All female

— Predominantly white

— Pennsylvania (n=11,178)
— Texas (n=6,255)

— Had a geocoded home address at the street level in
Pennsylvania or Texas and data on BMI in the year 2009
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Exposure

* Geocoded questionnaire mailing addresses

* Street network data from TIGER 2010-based
road network (Streetmap USA, ESRI)

* Business data from the commercially available

InfoUSA 2009 database
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Methods: Exposure

* Geographic information systems (GIS)
created

— Line-based network and radial buffers
—400m, 800m, 1200m, and 1600m

* Estimated business and intersection counts
and densities within each buffer
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Presenter
Presentation Notes
This is an example of how we create the buffers. First we take a geocoded addresss.


-

&

b

0 2125

425

Meter:

850 J

—

Legend
. Home Address I:’ 1200m Line Based Buffer

~———— Streets

Z 1 117 1 1 T T 1T 17 7T 117 177177 1



Presenter
Presentation Notes
Then we build a line based buffer going out 400-1600m via the street network. This is an example of what a 1200m line based buffer would look like.
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Presenter
Presentation Notes
Next, we show what a 1200m radial buffer would look like. You can see that the area of the radial buffer is much greater.
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Presenter
Presentation Notes
Next, we layer on businesses. So the red dots are businesses, and you can see that the line based buffers would capture fewer businesses than the radial buffer.
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Presenter
Presentation Notes
In this figure, I’ve taken off the radial buffer and layered in blue a 400m line based buffer. You can see here that the 400m buffer covers fewer businesses compared to the 1200m buffer.
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Presentation Notes
And this demonstrates how we estimate the number and density of three way intersections, where the green points are three way intersections, and again we count up the number of intersections that are within each buffer type.


Methods: Outcome

* Two self-reported energy balance-related
variables:

— Body mass index (BMI) (kg/m?)

— Walking in metabolic equivalent hours per week

(MET hrs/wk)

* Questionnaires included recreational physical activity
during the past year, with questions on the average time
per week spent walking or hiking outdoors

* Multiplied the reported time spent weekly at each
activity by its typical energy expenditure requirements
expressed in MET hours per week score
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Methods: Statistical Analysis

* Cross-sectional linear regression

* Log-transformed built environment variables

* Adjusted for
— Age (in years)
— Census tract median income (in $) and household value (in $)

— Smoking status (never, past, current <15 /day, current
>15/day)

— Husband's education (<HS, HS, College, Grad School,
Missing or Not Married)
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Results: N=17,433

BMI 28.2 6.7
Walking METs (hrs/wk)* 6.4 8.9
Census Tract Median Income $ 63,571 $ 23,532
Census Tract Median Household Value $ 129,349 $ 66,884
Census Tract Percent White 89.9 12.8
Census Tract Population Density 2378.2 3368.1
Census Tract Percent Urban 79.2 32.8
Census Tract Percent No High School Ed 13.3 8.6

*N=13,666 for walking analyses
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Presenter
Presentation Notes
* Add info about missing METS


Intersectionly

A
m
o

&.:.r;::. Harvard University | University of California, San Diego | University of Pennsylvania | Washington University in St. Louis | Fred Hutchinson Cancer Research Center

Count g

Density ®

Count

Density

~ Line Based 400m

Line Based 1600m
Radial 400m
Radial 1600m

~ Line Based 400m

Line Based 1600m
Radial 400m
Radial 1600m
Line Based 400m
Line Based 1600m
Radial 400m
Radial 1600m
Line Based 400m
Line Based 1600m
Radial 400m
Radial 1600m

Vﬂyl'wli‘l

o

2

3 4 5 6 7 8 9 10

Logtransformed Values m


Presenter
Presentation Notes
I won’t go into too much detail here, but the main idea is that for the larger buffers, there are larger counts. And radial counts are larger than line based counts.
For density, these differences are not as large across different buffer sizes, but line based densities are higher than radial densities due to the larger areas in radial buffers.


Intersection Density and Walking
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environment measure
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Presenter
Presentation Notes
1200m seems to be the strongest and most consistently statistically significant. For business count, looks like Line based is significant, while radial is not. Larger buffer sizes for business density are stronger. THIS IS CENTERPIECE OF TALK. 

What does a 1 unit increase mean? Have numbers of intersections or an example community. Austin v Philadelphia. 

When we looked at less specific total physical activity we didn’t see this.
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Presenter
Presentation Notes
1200m seems to be the strongest and most consistently statistically significant. For business count, looks like Line based is significant, while radial is not. Larger buffer sizes for business density are stronger. THIS IS CENTERPIECE OF TALK. What does a 1 unit increase mean? Have numbers of intersections or an example community. Austin v Philadelphia. Christie-Order of slides. Maybe start with walking METs. When we looked at less specific we didn’t see this.
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Presenter
Presentation Notes
We saw that BMI was positively associated with our measures of the BE. Effect sizes appear to be stronger in smaller buffer sizes. Line based is slightly stronger than radial, but not consistent. BMIs were greater in neighborhoods with greater connectivity and larger numbers of businesses. This should be a graph with buffer size on X, coefficient on y axis. This is the opposite of our main hypothesis. Lay out the hierarchy of novelty of this analysis. Not many analyses are done with BMI and business density, int density. MAYBE NARROW DOWN TO DENSITY OR COUNT.


Conclusions

* Results indicate that the scale and type of built
environment measures can have an impact on
study results and may partly explain inconsistent
findings from past studies of the built environment and
energy balance

* These findings underscore the issue of the Uncertain
Geographic Context Problem, an emerging key
concern for studies of associations between
environment and behavior
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Built Environment Measures Positively Associated with Walking

Walking

Buffer Size Buffer Shape

400m Line Based
Radial
800m Line Based
Radial
1200m Line Based
Radial
1600m Line Based
Radial

Intersection

Count

0.10 (-0.06, 0.27)

0.09 (-0.06, 0.24)

0.14 (-0.01, 0.28)

0.12 (-0.02, 0.25)

0.16 (0.02, 0.29)

0.13 (0.02, 0.24)

0.12(-0.01, 0.25)

0.09 (-0.05, 0.23)

Density

(count per km?2

0.03 (-0.12, 0.18)

0.08 (-0.05, 0.21)

0.16 (-0.04, 0.37)

0.12 (-0.03, 0.27)

0.25 (0.03, 0.48)

0.15 (0.02, 0.28)

0.17 (-0.06, 0.40)

0.09 (-0.07, 0.25)

Business

Count

0.10 (-0.02, 0.22)

0.10 (-0.01, 0.22)

0.12 (0.02, 0.21)

0.08 (-0.02, 0.18)

0.10 (0.01, 0.19)

0.08 (-0.02, 0.17)

0.10 (0.02, 0.19)

0.07 (-0.02, 0.17)

Density

(count per km?2

0.02 (-0.07, 0.11)

0.08 (-0.02, 0.19)

0.11 (0.01, 0.21)

0.08 (-0.02, 0.19)

0.12 (0.02, 0.23)

0.09 (-0.02, 0.20)

0.14 (0.03, 0.25)

0.09 (-0.02, 0.20)

All analyses adjusted for age, Census tract median income and household value, smoking status, and

husband's education

Coefficients are presented as the effect on each outcome of a one unit increase in the lognormal value of
each built environment measure
Bolded coefficients indicate p < 0.05
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Presenter
Presentation Notes
1200m seems to be the strongest and most consistently statistically significant. For business count, looks like Line based is significant, while radial is not. Larger buffer sizes for business density are stronger. THIS IS CENTERPIECE OF TALK. What does a 1 unit increase mean? Have numbers of intersections or an example community. Austin v Philadelphia. Christie-Order of slides. Maybe start with walking METs. When we looked at less specific we didn’t see this.
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BMI Positively Associated with Built Environment Measures

BMI

Buffer Size

400m

800m

1200m

1600m

Buffer Shape
Line Based
Radial
Line Based
Radial
Line Based
Radial
Line Based

Radial

Intersection

Count

0.20 (0.09, 0.31)

0.15 (0.05, 0.25)

0.14 (0.05, 0.24)

0.12 (0.02, 0.21)

0.13 (0.04, 0.22)

0.07 (0.00, 0.14)

0.11 (0.03, 0.20)

0.11 (0.02, 0.21)

Density

(count per km?2

0.16 (0.06, 0.26)

0.13 (0.04, 0.22)

0.15 (0.01, 0.28)

0.13 (0.03, 0.22)

0.17 (0.02, 0.32)

0.09 (0.00, 0.18)

0.15 (-0.01, 0.30)

0.13 (0.02, 0.23)

Business

Count

0.10 (0.02, 0.19)

0.11 (0.03, 0.19)

0.09 (0.03, 0.16)

0.09 (0.03, 0.16)

0.09 (0.03, 0.14)

0.07 (0.01, 0.13)

0.08 (0.02, 0.14)

0.07 (0.01, 0.13)

Density
(count per km?2

0.08 (0.02, 0.14)
0.11 (0.04, 0.18)
0.09 (0.03, 0.16)
0.10 (0.02, 0.17)
0.09 (0.02, 0.16)
0.08 (0.00, 0.15)
0.09 (0.02, 0.17)

0.07 (0.00, 0.15)

All analyses adjusted for age, Census tract median income and household value, smoking status, and
husband's education
Coefficients are presented as the effect on each outcome of a one unit increase in the lognormal value of
each built environment measure

Bolded coefficients indicate p < 0.05
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Presentation Notes
We saw that BMI was positively associated with our measures of the BE. Effect sizes appear to be stronger in smaller buffer sizes. Line based is slightly stronger than radial, but not consistent. BMIs were greater in neighborhoods with greater connectivity and larger numbers of businesses. This should be a graph with buffer size on X, coefficient on y axis. This is the opposite of our main hypothesis. Lay out the hierarchy of novelty of this analysis. Not many analyses are done with BMI and business density, int density. MAYBE NARROW DOWN TO DENSITY OR COUNT.
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