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Built and Social Environments
Associations with Adolescent Overweight and Activity

Melissa C. Nelson, PhD, RD, Penny Gordon-Larsen, PhD, Yan Song, PhD, Barry M. Popkin, PhD

Background:

Methods:

Results:

Conclusions:

Little is known about the patterning of neighborhood characteristics, beyond the basic
urban, rural, suburban trichotomy, and its impact on physical activity (PA) and overweight.

Nationally representative data (National Longitudinal Study of Adolescent Health, 1994 —
1995, n =20,745) were collected. Weight, height, PA, and sedentary behavior were
self-reported. Using diverse measures of the participants’ residential neighborhoods (e.g.,
socioeconomic status, crime, road type, street connectivity, PA recreation facilities), cluster
analyses identified homogeneous groups of adolescents sharing neighborhood character-
istics. Poisson regression predicted relative risk (RR) of being physically active (five or more
bouts/week of moderate to vigorous PA) and overweight (body mass index equal or greater
than the 95th percentile, Centers for Disease Control and Prevention/National Center for
Health Statistics growth curves).

Six robust neighborhood patterns were identified: (1) rural working class; (2) exurban;
(3) newer suburban; (4) upper-middle class, older suburban; (5) mixed-race urban; and
(6) low-socioeconomic-status (SES) inner-city areas. Compared to adolescents living in newer
suburbs, those in rural working-class (adjusted RR[ARR]=1.38, 95% confidence interval
[CI]=1.13-1.69), exurban (ARR=1.30, CI=1.04-1.64), and mixed-race urban (ARR=1.31,
CI=1.05-1.64) neighborhoods were more likely to be overweight, independent of individual
SES, age, and race/ethnicity. Adolescents living in older suburban areas were more likely to be
physically active than residents of newer suburbs (ARR=1.11, CI=1.04-1.18). Those living in
low-SES inner-city neighborhoods were more likely to be active, though not significantly so,
compared to mixed-race urban residents (ARR=1.09, CI=1.00-1.18).

These findings demonstrate disadvantageous associations between specific rural and urban
environments and behavior, illustrating important effects of the neighborhood on health
and the inherent complexity of assessing residential landscapes across the United States.
Simple classical urban—suburban-rural measures mask these important complexities.
(Am J Prev Med 2006;31(2):109-117) © 2006 American Journal of Preventive Medicine

Introduction

measures

to characterize neighborhood environ-

verweight and obesity have emerged as na-
Otional public health concerns,’? with adoles-

cence as an important developmental period.?
Built and social environments are important determi-
nants of obesity-related health behavior (e.g., physical
activity [PA]) and targets for intervention strategies.*
Research studying neighborhood effects on health has
relied largely on aggregate socioeconomic status (SES)

From the Division of Epidemiology and Community Health, Univer-
sity of Minnesota (Nelson), Minneapolis, Minnesota; and Depart-
ment of Nutrition, University of North Carolina (Nelson, Gordon-
Larsen, Popkin), Carolina Population Center (Nelson, Gordon-
Larsen, Popkin), and Department of City and Regional Planning
(Song), Chapel Hill, North Carolina

Address correspondence and reprint requests to: Melissa C. Nel-
son, PhD, RD, Division of Epidemiology and Community Health,
University of Minnesota, 1300 S. 2nd Street, WBOB Suite 300,
Minneapolis MN 55454-1015. E-mail: nelson@epi.umn.edu.

The full text of this article is available via AJPM Online at
www.ajpm_online.net.

Am ] Prev Med 2006;31(2)

© 2006 American Journal of Preventive Medicine e Published by Elsevier Inc.

ments.”” In an emerging literature exploring how
environment facilitates or restricts health behavior,
however, specific individual-level measures of neighbor-
hood factors (e.g., crime/safety,'°~? street connectiv-
ity, road type/traffic,'*'* and activityrelated recre-
ation facility access'®™'®) have been independently
associated with PA.

Neither aggregate indices of SES nor specific aspects
of the built environment appear in isolation in neigh-
borhoods. Clearly, factors such as SES, crime, lack of
recreation facilities, and other community-level mea-
sures occur jointly.’® In contrast to traditional risk
factor approaches to data analysis that examine the
independent effects of specific neighborhood charac-
teristics, pattern analyses allow examination of the
effects of multiple dimensions of the environment.
Both independent risk factor analysis and pattern anal-
ysis may make important contributions to understand-
ing how the environment affects behavior.
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While the importance of covariance and joint effects
of neighborhood features has gained recognition in
this growing area of interest in environmental determi-
nants of obesity, the study of patterning to date has
been limited largely to index development as a means
of measuring very specific aspects of the built environ-
ment.'>!'? There is little empirical evidence describing
the diversity and covariance of community characteris-
tics using data-driven techniques within nationally rep-
resentative data sets, including a wide array of residen-
tial landscapes, most importantly, rural areas that are
greatly understudied.

By using pattern analyses to measure the effects of
multiple environmental characteristics on behavior,
this research fills an important gap in the literature.
Using data from a nationally representative, ethni-
cally diverse sample of adolescents, the aims of this
study were to (1) identify meaningful patterns of
sociodemographic and built features in neighbor-
hood environments that have been identified as
potentially important determinants of PA, and
(2) describe the cross-sectional associations between
these neighborhood patterns and adolescent resi-
dents’ PA and weight status.

Methods
Add Health

Add Health is a school-based longitudinal survey of youths,
grades 7 through 12. A random sample of 80 high schools and
52 junior high feeder schools was selected. The Add Health
sample was designed to be nationally representative of stu-
dents in grades 7 through 12 in 1995 in the United States.
Survey procedures®’ were previously approved by the Institu-
tional Review Board at the University of North Carolina at
Chapel Hill. The Wave-I in-home survey (1994-1995) in-
cluded 20,745 adolescent participants. Analyses were con-
ducted in 2005-2006.

Measuring Individual
Neighborhood Environments

Residential location. Home street addresses of most
(n =20,612, 99.4%) Wave-I participants were identified and
geocoded, using primarily street-segment matches from com-
mercial geographic information system (GIS) databases
(n=17,119) or global positioning system (GPS) units
(n =3242) (when a street-segment match was unavailable).
When neither was available, residential location assignments
used a ZIP+4/7ZIP+2 or 5-digit ZIP centroid match, or the
respondent’s school location.!® A relational database linked
the location of a participant’s home to (1) neighborhood
attributes, based on buffers around each home; (2) block
group, tract, and county attributes from U.S. Census and
other federal sources; and (3) Add Health participants’
survey responses. Add Health was designed for national
representation of youth, not for geographic representation.
Yet, the data include a wide array of geographic areas across
the United States.
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Buffers for respondent locations. To assess the variety of
neighborhood characteristics, a 3-km buffer was drawn
around each respondent’s residential location using Euclid-
ean distance. While there is some suggestion that 5-mile
catchment areas may be relevant for adult PA,'>!7 it is likely
that smaller areas influence adolescent PA, where travel is
more limited. There is little empirical data to support appro-
priate buffer size for PA outcomes at a national level. Sensi-
tivity analyses were conducted to determine the appropriate
buffer size (3 km) for these analyses.

Physical activity facilities within 3 km. Commercially avail-
able, retrospective (1995), digitized Yellow Pages, using pro-
prietary 4-digit extensions to the Standard Industrial Classifi-
cation (SIC) codes, were obtained. These 8-digit codes
correspond with those used by the Census, allowing for the
detailed characterization of facility type. A comprehensive list
representing PA facility/resource types (n =169) was com-
piled for these SIC codes.!? SIC code counts were summed to
measure all activity-related facilities, and subdivided to specif-
ically assess parks. Park locations were verified using digital
aerial photographs from the U.S. Geological Survey.

Walkability within 3 km. High street connectivity, or “walk-
ability” (i.e., neighborhood street networks that are continu-
ous, integrated, and maximize linkages between starting
points and destinations, providing multiple route options)
has been positively associated with residential activity pat-
terns.!®?! Indices of connectivity include (1) intersection
density (three-way and four-way intersections), (2) alpha
index (ratio of observed to maximum possible route alterna-
tives [circuitry] between nodes, where the maximum possible
circuits is the maximum number of links minus the number
of links in a minimally connected network), (3) gamma index
(ratio of observed node linkages to the maximum possible
links in the network), and (4) cyclomatic index (number of
route alternatives [circuits] between nodes).

Road type within 3 km. Road networks were mapped using
retrospective U.S. Census TIGER (topologically integrated
geographic encoding and referencing) line files (www.
census.gov/geo/www/tiger/). Road types were assessed using
Census feature class codes (www.census.gov/geo/www/tiger/
appendxe.asc) (i.e., feature Class A categories). The presence
of smaller, local roads (category A4x, which are more likely to
have single traffic lanes, sidewalks, and lower speed limits)
were of particular interest for this research, in comparison to
the presence of larger roadways (Alx) on which walking/
biking is more difficult (e.g., primary highways). Road types
were assessed as the proportion of total roadways and the
absolute total length.

Census measures. Census data reflecting individuals’ resi-
dential block groups were extracted from the 1990 Census of
Population and Housing summary tape file 3A (STF3A). A
block group is a relatively small administrative unit in the U.S.
Census (averaging 300 to 3000 residents). Variables used here
were education (proportion of adults aged =25 years with a
college degree), minority (proportion of nonwhites), poverty
(proportion of people with incomes <185% of poverty level),
housing units (proportion of housing units occupied by
renters, proportion vacant, median housing unit age), and
mobility (proportion of population living in same housing
unit since 1985, proportion of population working in county
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Table 1. Measured constructs of the neighborhood environment

Construct Measure

Income/wealth Income to poverty level (% less than 185%)
Home age (year structure was built)

Race/ ethnicity Ethnicity (% minority)

Socioeconomic status and environment

Education (% with college degree)

Occupancy status (% owner occupied, % renter occupied, % vacant)
Mobility (% living in same house since 1985), median house age
Proportion working in county of residence

Crime
Road type

Serious crimes (arrests) per 100,000 persons
Proportion of Al and A4 roads in 3-km buffer

Total length of Al and A4 roads in 3-km buffer

Street connectivity (walkability)

Intersection density in 3-km buffer

Gamma index in 3-km buffer
Cyclomatic index in 3-km buffer (total route alternatives)
Alpha index in 3-km buffer (observed total route alternatives)

Recreation facilities for physical activity

For each facility type: count in 3-km buffers

of residence). The metropolitan statistical area (MSA) of Add
Health schools was also identified, and regions were broadly
categorized as urban, suburban, or rural.

Crime. Reported crimes (per 100,000 population) were as-
sessed using 1995 U.S. Federal Bureau of Investigation Uni-
form Crime Reporting county-level data from the National
Archive of Criminal Justice Data (www.icpsr.umich.edu/
NACJD/index.html), which have been shown to be associated
with PA levels in this sample.?? For Add Health respondents
(n =366) in counties with no available 1995 crime data, crime
rates were used from a previous year (1990 to 1994). For three
counties (n =95 individuals), crime was imputed as average
reported crime in surrounding counties.

Physical Activity/Sedentary Behaviors

Daily PA (e.g., housework, active play, sports, exercise) was
self-reported using standard epidemiologic 7-day recall method-
ology.23 Surveys (www.cpc.unc.edu/projects/addhealth/code-
books) employed questions similar to those used and validated
in other large-scale studies.?>~2% Questions asked—variations on
“During the past week, how many times did you . . .”—allowed
estimation of activity frequency (bouts/week) by metabolic
equivalent (MET) value. Moderate-to-vigorous PA (MVPA) was 5
to 8 METs.2”

Adolescents also reported sedentary behaviors (e.g., watch-
ing/playing TV/videos, video or computer games [hours/
week]), using recreation centers, and playing sports with
parent(s). Overall activity frequency was summed to deter-
mine total weekly MVPA or sedentary behavior, as well as
whether individuals met national recommendations for PA
(i.e., recommendation is five or more bouts/week of
MVPA)?® and did not meet recommendations for sedentary
behavior (i.e., recommendation is TO NOT exceed 14 hours/
week “screen time”).2%-30

Weight Status

Self-reported height and weight were used to calculate body
mass index (BMI) (kilograms/square meters).?! The 95th
percentile of nationally representative data (2000 Centers for
Disease Control and Prevention/National Center for Health
Statistics growth curves), was used to classify overweight.>2
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Individuals aged 21 years (n =9) were considered as 20-year-
olds for assessing overweight. Self-reported weight and height
have been shown to correctly classify a majority of Add Health
participants as overweight.?3

Covariates

Adolescents self-reported race/ethnicity; reports were vali-
dated during in-home parent interviews. Parents reported
highest level of achieved education, which was used to
estimate SES. Income was reported in $1000 increments and
imputed where missing, using parent occupation, family
structure, and school community.

Identifying Patterns in Environment

Cluster analyses were used to identify patterns of environmental
characteristics and to specify homogeneous, non-overlapping
clusters (or patterns) of neighborhoods sharing various mean-
ingful characteristics.** Multiple cluster analyses were conducted
partitioning data into different numbers of clusters*~* by
Euclidean distances between observations that were weighted
for national representation, using SAS FASTCLUS, SAS version
9 (Research Triangle Institute, Research Triangle Park NC,
2004). Representing different constructs of the neighborhood,
19 variables were used (Table 1). Z-score transformations of
variables were used to generate clusters, allowing for the appro-
priate weighting of variables with different scales.?*

To identify initial cluster centers (i.e., seed values), 1000
iterations of each cluster procedure were conducted.*® The
initial group center for each iteration was randomly generated.
The iteration with the largest overall r* value, which allowed for
the evaluation of relative heterogeneity between clusters (vs
homogeneity within clusters), was identified. Clusters best fitting
the data maximized this inter- to intra-variability ratio, yielding a
higher r®. (For the six-cluster solution series—i.e., the final
cluster solution—the maximum r® value identified through this
iterative process was 0.41.) Results of these numerous analyses
were assessed to identify common patterns appearing across
various procedures. The final presented clusters were those
representing the most robust data patterns.
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Table 2. Major neighborhood types identified through cluster analysis procedures

Type

Description

Rural working class

Low SES, moderate-to-low minority population, little mobility
Low connectivity (i.e., low intersection density and few possible routes between any two points)
Low access to PA facilities, very low overall density of roadways

Exurban (urban/
suburban
outgrowth)

Moderate SES, low minority population
High % of relatively recently built housing units
High % of population commuting to work outside of county of residence

Low access to PA facilities, low street connectivity and low crime
High proportion of large arterial roadways

New suburban
developments
(referent)

High SES, low minority population
Relatively recently built housing units
Low access to PA facilities, very poor street connectivity

Few roadways overall (with high proportion of these roadways being of local)

Older, upper-
middle class
suburbia with
highway access

High % of older housing units

High SES population with somewhat mixed racial/ethnic composition, little mobility

Moderate access to PA facilities, moderate street connectivity in linking intersections (and
moderate-to-high number of alternative street routes between any two points)

High density of roads overall (with a moderate proportion of large arterial roadways)

Mixed-race/ethnicity
urban

High density of local roadways

Low SES, inner city

Low SES, high poverty population
Moderate access to PA facilities, moderate-to-high street connectivity and crime

Low SES, very high minority and very high poverty population

Large proportion of older housing units
Very high access to PA facilities, very high street connectivity and intersection density
High crime, high density of local roadways

PA, physical activity; SES, socioeconomic status.

Demonstrating Cluster Variability

Cluster analytic procedures detect underlying data patterns,
regardless of utility or substantive merit, but statistical meth-
ods for validating cluster analyses are limited.?* To show that
clusters fit the data in a meaningful way, clusters are often
tested by predicting external variables not used to generate
the patterns (although associated with the clusters in theory).

To demonstrate meaningful variability between patterns
and to validate these findings, neighborhood clusters were
assessed as independent variables in generalized linear mod-
els predicting adolescent PA, sedentary behavior, and over-
weight. As another tool for comparison, broad neighborhood
characteristics were examined (e.g., broad urbanicity classifi-
cations of urban, suburban, and rural; median household
income; percent college-educated population; percent mi-
nority population), which have been used extensively in
previous literature.

All models controlled for important covariates (age,
race/ethnicity, parent education/income). Observations
with missing covariate or outcome data were excluded.
Participants who were severely disabled (n =132) and/or
pregnant (n =379) were also excluded. While logistic
regression is commonly used in health research, the odds
ratios yielded by these analyses substantially over-estimate
risk ratios (RRs) that are >1.0 (and under-estimate those
that are <1.0) when the outcome is not rare. The binomial
outcomes included in these analyses were not rare (i.e.,
prevalence >10%), so Poisson regression was used with
robust variance estimates to generate valid estimates of the
adjusted relative risk (ARR) (and relatively conservative
confidence intervals [Cls]), instead of adjusted odds
ratios.?®

Descriptive analyses of individual adolescent characteristics
used post-stratification sample weights, allowing results to be
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nationally representative. Survey design effects of multiple
stages of cluster sampling were controlled using the survey
(SVY) procedure series in STATA, version 9.0 (Stata Corp,
College Station TX, 2004).

Results
Descriptive Statistics and Final Cluster Solution

The analysis sample (n =20,745) generating the neigh-
borhood clusters was composed of 50.1% males as well
as 68.5% white, 15.2% black, 11.4% Hispanic and 4.0%
Asian adolescents. Approximately 14.7% of partici-
pants’ parents had less than a high school education,
32.5% had graduated from high school (or had a
general equivalency diploma), 27.8% had some col-
lege, and 25.0% had a college degree or higher. Mean
participant age was 15.4 (£0.12) years.

Six robust neighborhood pattern types were identified
by the final cluster solution and were observed across
numerous iterations of analyses, representing non-over-
lapping groups of U.S. neighborhoods sharing various
attributes. These clusters include (1) rural working class;
(2) exurban (urban/suburban outgrowth); (3) new sub-
urban developments (referent); (4) older, upper-middle
class suburbia with highway access; (5) mixed-race urban;
and (6) low-SES inner-city neighborhoods (Table 2).
These neighborhood patterns are distinguished by impor-
tant differences in the 19 neighborhood attributes used to
generate the final cluster solution, including SES, race/
ethnicity, socioenvironment, crime, road type, street con-
nectivity, and recreation facilities (Table 3).
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Table 3. Mean frequency of specific neighborhood characteristics by cluster®

Cluster 1

Rural working class
(n = 4725)

Cluster 2

Exurban
(n = 2178)

Cluster 3

New suburban

development
(n = 3371)

Cluster 4

Older suburban
developments
(n = 4280)

Cluster 5
Mixed-race/
ethnicity urban
(n = 3609)

Cluster 6
Low-SES
inner city
(n = 2582)

% population with a college
education (in block group)

% nonwhite population (in block
group)

% population with income <185%
poverty line (in block group)

% renter-occupied housing units (in
block group)

% vacant housing units (in block
group)

Median house age (years) (in block
group)

% population living in the same
house for =5 years (in block
group) (i.e., % low morbidity)

% population working in county of
residence (in block group)

Number of facilities for physical
activity (in 3 km)

Number of parks (in 3 km)

Alpha index of road connectivity (in 3
km)

Gamma index of road connectivity (in
3 km)

Cyclomatic index of road connectivity
(in 3 km)

Intersection density (in 3 km)

Reported crime rate (in county)

Total length (meters) of major arterial
roadways (in 3 km)

Total length (meters) of local
roadways (in 3 km)

% roadways that are major arterial
roadways (in 3 km)

% roadways that are local roads (in 3
km)

14.5 + 0.1 (—0.56)
20.0 + 0.4 (—0.41)
38.1 = 0.2 (0.35)
20.3 + 0.2 (—0.44)
11.6 =+ 0.2 (0.44)
93.9 + 0.1 (—0.19)

62.6 = 0.1 (0.47)

70.5 + 0.3 (—0.36)
3.3 %+ 0.1 (—0.66)

<0.01 = 0.001 (—0.21)
0.25 = 0.001 (0.16)

0.51 = 0.001 (0.22)
84.4 = 1.2 (—0.86)
5.0 £ 0.1 (—1.00)
3635.5 = 29.3 (—0.83)
114.6 * 18.5 (—0.91)
55,425.6 * 381.8 (—1.07)

0.1 * 0.02 (—0.78)

77.2 % 0.2 (0.20)

21.2 * 0.3 (—0.11)
15.7 = 0.6 (—0.54)
26.1 + 0.4 (—0.23)
20.6 + 0.3 (—0.43)

7.0 + 0.2 (—0.10)
91.5 + 0.2 (—0.38)

58.6 = 0.3 (0.20)

67.4 £ 0.5 (—0.52)
5.7+ 0.1 (—0.58)

0.01 = 0.002 (—0.20)
0.19 = 0.001 (—0.49)

0.46 = 0.001 (—0.51)
120.9 + 2.1 (—0.77)
8.5+ 0.1 (—0.81)
4483.8 + 46.6 (—0.53)
17,937.3 = 139.6 (0.69)
79,429.1 + 810.7 (—0.81)

16.1 = 0.1 (1.99)

62.8 = 0.2 (—1.26)

34.5 * 0.2 (0.77)
15.0 = 0.3 (—0.56)
14.7 = 0.2 (—0.79)
20.0 + 0.3 (—0.45)
7.5+ 0.2 (—0.04)
13.2 = 0.1 (—1.03)

45.7 = 0.3 (—0.65)

75.1 = 0.4 (—0.14)
8.1 % 0.1 (—0.49)

0.01 = 0.001 (—0.20)
0.16 = 0.001 (—0.81)

0.44 = 0.001 (—0.86)
185.8 + 2.4 (—0.61)
14.0 = 0.2 (—0.51)
6003.6 + 37.5 (—0.004)
9910.7 + 89.7 (—0.66)
113,899.8 = 971.7 (—0.44)

1.6 = 0.1 (—0.51)

80.2 = 0.1 (0.51)

32.9 =+ 0.3 (0.67)
36.5 + 0.5 (0.06)
14.8 = 0.1 (~0.78)
921.6 + 0.3 (—0.38)
3.0 + 0.1 (—0.57)
31.2 + 0.2 (0.38)

62.6 = 0.2 (0.47)

81.9 =+ 0.3 (0.19)

32.5 + 0.2 (0.37)

0.04 = 0.003 (—0.11)
0.22 = 0.001 (—0.20)

0.48 = 0.001 (—0.22)

548.8 = 3.5 (0.32)

33.2 % 0.2 (0.53)

6195.1 + 80.2 (0.06)
18,365.9 = 180.9 (0.73)

206,137.1 = 682.8 (0.57)

6.6 + 0.1 (0.34)

78.7 % 0.1 (—0.16)

17.0 = 0.2 (—0.39)
50.8 = 0.5 (0.47)
45.8 = 0.3 (0.73)
47.9 = 0.3 (0.87)
8.8+ 0.1 (0.12)
98.7 + 0.2 (0.18)

45.8 = 0.2 (—0.64)

87.9 = 0.2 (0.48)

23.5 + 0.2 (0.05)

0.02 = 0.002 (—0.16)

0.26 = 0.001 (0.22)
0.51 = 0.001 (0.21)
584.7 = 3.2 (0.41)

32.3 = 0.2 (0.48)

6997.9 = 35.0 (0.34)
11,229.8 + 159.4 (0.09)

204,157.2 = 845.8 (0.55)

4.1 % 0.1 (—0.09)

76.8 = 0.1 (0.16)

16.2 = 0.2 (—0.45)
75.1 £ 0.6 (1.17)
48.5 = 0.4 (0.86)
54.6 * 0.4 (1.18)
8.9+ 0.2 (0.12)
411+ 0.2 (1.15)

54.5 = 0.3 (—0.07)

83.9 = 0.4 (0.29)
68.7 £ 0.9 (1.65)

0.55 + 0.018 (1.21)
0.35 = 0.002 (1.19)

0.57 = 0.001 (1.23)

1172.3 * 5.0 (1.91)

53.9 = 0.2 (1.65)

9640.2 + 61.6 (1.27)
16,951.1 + 197.7 (0.60)

291,885.8 = 960.8 (1.51)

4.5 = 0.1 (—0.03)

76.0 = 0.1 (0.08)

*Mean * standard error (mean z-score) of neighborhood characteristics (unweighted).
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Figure 1. Adjusted risk ratios (95% confidence intervals) of
overweight (BMI =95th percentile) by data-driven neighbor-
hood cluster definitions (n = 19,029). Note: adjusted for
household income, parental education, adolescent age, and
race/ethnicity.

Neighborhood—-Overweight Associations

Using the neighborhood clusters, important differ-
ences in the relative risk of overweight by community
type were identified. Compared to adolescents living in
newer suburban developments, those who lived in
(1) rural working class, (2) exurban, and (3) mixed-
race urban neighborhoods were 30% to 40% more
likely to have a BMI=95th percentile of age- and
gender-specific national growth curves (Figure 1), in-
dependent of SES, adolescent age, and race/ethnicity.

Conversely, analyses using individual components or
traditional measures of neighborhood characteristics
show less-clear associations (Table 4). Using traditional
analyses, no difference in the risk of overweight be-
tween low- and moderate-SES communities was found,
although high-SES communities were less likely to be
overweight, compared to moderate-SES communities.
There was no difference in overweight status by the
race/ethnicity of the community. The traditional ur-
ban-suburban—rural status (using MSAs) suggest a
lower likelihood of overweight in adolescents residing
in urban areas, but no differences in rural and subur-
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Figure 2. Adjusted risk ratios (and 95% confidence intervals)
of achieving five or more bouts of moderate-to-vigorous
physical activity (MVPA) /week by data-driven neighborhood
cluster definition and type (rural, suburban and urban) (n =
19,531, across three models). Note: Adjusted for household
income, parental education, adolescent age and race/ethnic-

ity.

ban neighborhoods. A comparison of the traditional
urban—suburban-rural breakdown with the approach
presented in Table 3 highlights the differences in the
two approaches.

Neighborhood-Activity Associations

Among adolescents living in older suburban neigh-
borhoods, 39% reported engaging in five or more
bouts of weekly MPVA, compared to 28% of adoles-
cents living in mixed-race urban areas (data not
shown). These findings indicate notable distinctions
within suburban and urban community types; for
example, independent of SES, race/ethnicity, and
age, adolescents living in older suburban develop-
ments were 11% more likely to be physically active
than those living in newer suburban areas
(ARR=1.11, CI=1.04-1.18) (Figure 2). In addition,
those living in low-SES inner-city areas were more
likely to be active compared to those in mixed-race
urban neighborhoods (RR=1.09, CI=1.00-1.18).

Table 4. Adjusted risk ratios (95% confidence intervals) of adolescent overweight (=95th percentile body mass index) using
broad, independent, and traditional measures of neighborhood characteristics

Adjusted risk ratio of overweight by neighborhood features

Low tertile

Moderate tertile High tertile

1.03 (0.91-1.17)
1.10 (0.99-1.22)

Median household income®

% of population with
=college education”

% of minority population®

MSA classification of school®

1.00 (0.85-1.15)
Rural: 1.9 (0.94-1.27)

1.0 (ref) 0.83 (0.71-0.98)
1.0 (ref) 0.74 (0.65-0.85)
1.0 (ref) 1.13 (0.97-1.31)

Suburban: 1.0 (ref) Urban: 0.85 (0.75-0.97)

Note: Adjusting for individual parental education, household income, race/ethnicity, and age of adolescent.
“Low-income tertile: median household income =$23,775/year, moderate tertile: >$23,775 to =$36,440/year, high tertile: >$36,440/year at the

census block—group level (n = 19,029 in model).

PLow education tertile: =14.4% of population college educated; moderate tertile: >14.4% to =26.5%; high tertile: >26.5% at the census

block—-group level (n = 19,025 in model).

“Low minority tertile: =6.1% of population is minority, moderate tertile: >6.1% to =49.4%, high tertile: >49.4% at the census block-group level

(n = 19,025 in model).
IMSA, metropolitan statistical area (n = 18,709 in model).
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Independent of SES, race/ethnicity, and age, teens
living in low-SES inner-city and older suburban areas
were least likely to report playing a sport with a
parent(s), and those living in the low-SES inner-city,
mixed-race urban, and older suburban areas were the
most likely to report using a neighborhood recre-
ation facility. High levels of screen time (>14 hours/
week, which is above recommended levels) were most
likely among those living in low-SES inner-city neigh-
borhoods (Table 5).

Discussion

Using cluster analysis, six robust patterns in residential
neighborhood characteristics were identified, incorpo-
rating a range of sociodemographic and built environ-
ment characteristics: (1) rural working class, (2)
exurban, (3) new suburban, (4) older suburban, (5)
mixed-race urban, and (6) low-SES inner-city areas. To
our knowledge, this is the first study using data-driven
techniques to characterize neighborhoods by sociode-
mographic and built environment features in a nation-
ally representative survey of adolescents. These results
show differences in neighborhood patterns by adoles-
cent PA and overweight (such as the disadvantageous
associations between rural and urban environments
and health). Rural populations have been particularly
understudied; these findings indicate that these indi-
viduals have unique neighborhood characteristics that
deserve further attention.

These findings show other important differences by
activity and weight status. Contrary to recent reports
supporting positive relationships between sprawl and
adult overweight/obesity,!?3738 the current results in-
dicate some beneficial associations between suburban
living and activity/overweight. Cross-sectionally, these
findings indicate that adolescents living in rural work-
ing class, exurban, and mixed-race urban areas were at
the highest risk of overweight compared to those in the
newer suburban cluster type. Teens living in older
suburban communities were most likely to be physically
active. In adolescence, there may be protective factors
shared by those living in suburban communities (e.g.,
school-based sports/activity facilities, community orga-
nizations, low crime) overriding the deleterious effects
of suburbia, which are believed to be at play in restrict-
ing activity of adult residents (e.g., low walkability,
dependence on automobiles).

The natural patterns of neighborhood characteristics
underlying these data represent diverse settings that
span urban, suburban, and rural regions, and are
shown to be valid through empirical evidence and
theoretical frameworks. For example, these results are
consistent with previous findings that low-income, ra-
cial/ethnic minority, and rural populations are less
physically active and more overweight and obese.*?9~*!
In addition, the findings are supported by theoretical
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Table 5. Adjusted risk ratios (and 95% confidence intervals) of adolescent physical activity and sedentary behavior by detailed data-driven neighborhood cluster

definitions

Cluster 5 Cluster 6

Cluster 4

Cluster 3
New suburban

Cluster 2
development

Cluster 1

Rural

Low-SES
inner city

Mixed-race/

Older suburban
developments
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working class
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constructs of transect planning, an approach to urban
planning emphasizing breadth and range in commu-
nity design to recognize a broad range of human and
environmental needs, rather than a “one size fits all”
approach.*® These neighborhood patterns overlap
many of the eco-zones outlined in the transect planning
literature, which to date has been based largely on
theory and empirical evidence from smaller geographic
samples with restrictive analytic approaches. Guided by
these ecozones in the transect theory literature, in
conjunction with the empirically derived cluster defini-
tions of this study (e.g., described by mean frequency of
specific neighborhood characteristics by clusters),
these neighborhood types may be re-created and ex-
plored in other data sets. In characterizing multidimen-
sional neighborhood features, it is understood that they
vary in structure and sociodemographic composition,
and likely have differential impacts on population
health behavior. By better understanding the complex-
ities of today’s American residential landscape, there is
the opportunity to better conceptualize how to en-
hance built and social environments and tailor solu-
tions that will promote healthy lifestyles.

While these data show important dimensions of U.S.
communities and their association with health behav-
ior, they are not without limitation. First, the data on
PA and BMI are derived from self-reported measures,
which are subject to error and bias. Second, these
findings are cross-sectional, thus limiting causal infer-
ence, and may be influenced by residual confounding
(due to unmeasured characteristics for which there is
no control). Third, it is difficult to assess the true
validity of the cluster method, given that cluster analysis
will detect underlying patterns in data, regardless of
meaning or utility. To address this issue, this research
utilized several approaches, similar to those used in
other previous applications of cluster methods, includ-
ing (1) assessing numerous iterations of cluster solu-
tions to ensure that the final solution represents robust
patterns in the data, (2) comparing these findings to
established theoretical frameworks, such as the eco-
zones of transect planning, and (3) contrasting these
clusters with external variables (that were not used in
the cluster creation), such as PA and overweight status.
The latter is critical for ensuring meaningful interpret-
ability of the cluster results.

Finally, the strength in this study of using data charac-
terizing multiple sites across the nation may also limit the
ability to characterize neighborhood environments. While
all of the neighborhood characteristics are relevant to
individual participants, they represent varying degrees of
“neighborhood,” potentially carrying varying degrees of
influence. Methods for defining one’s neighborhood are
highly debated; there is no consensus on appropriate
buffer sizes to capture relevant exposure areas. The
exposure areas assessed here may not be the most appro-
priate size (e.g., I-mile buffers, countylevel crime). In-
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deed, this is an important area for future research,
including detailed analyses on methods of measuring
environmental characteristics and important aspects of
influential neighborhood features.

This is possibly the first research characterizing the
national landscape in this way, understanding how
neighborhoods function as a whole (rather than as
individual components) and how they are associated
with adolescent health behaviors and outcomes. Indi-
viduals live in neighborhoods rather than income
brackets, and are simultaneously affected by factors
such as crime, facility access, and street connectivity,
which work in concert to affect health behavior. While
traditional risk factor analysis provides important in-
sights into the association between environment and
behavior, these findings show that broad, traditional
measures of neighborhood characteristics (e.g., me-
dian household income) may not capture the fine-grain
detail and complexity needed to better understand how
environments influence behavior. Thus, using pattern
analysis with detailed environmental measures supple-
ments the understanding of covariance in the environ-
ment and important environment-behavior relation-
ships. Effective population-wide health promotion
strategies and public policies need to address pre-
existing neighborhoods, which are composed of a
variety of factors, many of which may be important
determinants of activity patterns.

The patterns of neighborhood features identified
here show meaningful variation, supported by urban
planning theory and empirical evidence. Not only do
these findings help illustrate the important effects of
neighborhood on health, but they also demonstrate the
inherent complexity of these relationships. This re-
search highlights the extent to which neighborhoods
vary, as well as how individuals may function differently
in different environments, and points to the challenges
of increasing population-wide PA through community
design. Future research is needed to explore the spe-
cific mechanisms through which neighborhood form
affects population health, as well as the interactive
effects of a spectrum of co-varying community charac-
teristics and the extent to which effective intervention
and policy strategies can be tailored to promote healthy
lifestyles.
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