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uilt and Social Environments
ssociations with Adolescent Overweight and Activity
elissa C. Nelson, PhD, RD, Penny Gordon-Larsen, PhD, Yan Song, PhD, Barry M. Popkin, PhD

ackground: 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.

ethods: 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).

esults: 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).

onclusions: 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
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verweight and obesity have emerged as na-
tional public health concerns,1,2 with adoles-
cence as an important developmental period.3

uilt and social environments are important determi-
ants of obesity-related health behavior (e.g., physical
ctivity [PA]) and targets for intervention strategies.4

esearch studying neighborhood effects on health has
elied largely on aggregate socioeconomic status (SES)
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easures to characterize neighborhood environ-
ents.5–9 In an emerging literature exploring how

nvironment facilitates or restricts health behavior,
owever, specific individual-level measures of neighbor-
ood factors (e.g., crime/safety,10–12 street connectiv-

ty, road type/traffic,13–14 and activity-related recre-
tion facility access15–18) have been independently
ssociated with PA.

Neither aggregate indices of SES nor specific aspects
f the built environment appear in isolation in neigh-
orhoods. Clearly, factors such as SES, crime, lack of
ecreation facilities, and other community-level mea-
ures occur jointly.15 In contrast to traditional risk
actor approaches to data analysis that examine the
ndependent effects of specific neighborhood charac-
eristics, pattern analyses allow examination of the
ffects of multiple dimensions of the environment.
oth independent risk factor analysis and pattern anal-
sis may make important contributions to understand-

ng how the environment affects behavior.

1090749-3797/06/$–see front matter
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While the importance of covariance and joint effects
f neighborhood features has gained recognition in
his growing area of interest in environmental determi-
ants of obesity, the study of patterning to date has
een limited largely to index development as a means
f measuring very specific aspects of the built environ-
ent.13,19 There is little empirical evidence describing

he diversity and covariance of community characteris-
ics using data-driven techniques within nationally rep-
esentative data sets, including a wide array of residen-
ial landscapes, most importantly, rural areas that are
reatly understudied.
By using pattern analyses to measure the effects of
ultiple environmental characteristics on behavior,

his research fills an important gap in the literature.
sing data from a nationally representative, ethni-

ally diverse sample of adolescents, the aims of this
tudy were to (1) identify meaningful patterns of
ociodemographic and built features in neighbor-
ood environments that have been identified as
otentially important determinants of PA, and
2) describe the cross-sectional associations between
hese neighborhood patterns and adolescent resi-
ents’ PA and weight status.

ethods
dd Health

dd Health is a school-based longitudinal survey of youths,
rades 7 through 12. A random sample of 80 high schools and
2 junior high feeder schools was selected. The Add Health
ample was designed to be nationally representative of stu-
ents in grades 7 through 12 in 1995 in the United States.
urvey procedures20 were previously approved by the Institu-
ional Review Board at the University of North Carolina at
hapel Hill. The Wave-I in-home survey (1994–1995) in-
luded 20,745 adolescent participants. Analyses were con-
ucted in 2005–2006.

easuring Individual
eighborhood Environments

esidential location. Home street addresses of most
n �20,612, 99.4%) Wave-I participants were identified and
eocoded, using primarily street-segment matches from com-
ercial geographic information system (GIS) databases

n �17,119) or global positioning system (GPS) units
n �3242) (when a street-segment match was unavailable).
hen neither was available, residential location assignments

sed a ZIP�4/ZIP�2 or 5-digit ZIP centroid match, or the
espondent’s school location.15 A relational database linked
he location of a participant’s home to (1) neighborhood
ttributes, based on buffers around each home; (2) block
roup, tract, and county attributes from U.S. Census and
ther federal sources; and (3) Add Health participants’
urvey responses. Add Health was designed for national
epresentation of youth, not for geographic representation.
et, the data include a wide array of geographic areas across

he United States. u

10 American Journal of Preventive Medicine, Volume 31, Num
uffers for respondent locations. To assess the variety of
eighborhood characteristics, a 3-km buffer was drawn
round each respondent’s residential location using Euclid-
an distance. While there is some suggestion that 5-mile
atchment areas may be relevant for adult PA,15,17 it is likely
hat smaller areas influence adolescent PA, where travel is

ore limited. There is little empirical data to support appro-
riate buffer size for PA outcomes at a national level. Sensi-
ivity analyses were conducted to determine the appropriate
uffer size (3 km) for these analyses.

hysical activity facilities within 3 km. Commercially avail-
ble, retrospective (1995), digitized Yellow Pages, using pro-
rietary 4-digit extensions to the Standard Industrial Classifi-
ation (SIC) codes, were obtained. These 8-digit codes
orrespond with those used by the Census, allowing for the
etailed characterization of facility type. A comprehensive list
epresenting PA facility/resource types (n �169) was com-
iled for these SIC codes.15 SIC code counts were summed to
easure all activity-related facilities, and subdivided to specif-

cally assess parks. Park locations were verified using digital
erial photographs from the U.S. Geological Survey.

alkability within 3 km. High street connectivity, or “walk-
bility” (i.e., neighborhood street networks that are continu-
us, integrated, and maximize linkages between starting
oints and destinations, providing multiple route options)
as been positively associated with residential activity pat-

erns.13,21 Indices of connectivity include (1) intersection
ensity (three-way and four-way intersections), (2) alpha

ndex (ratio of observed to maximum possible route alterna-
ives [circuitry] between nodes, where the maximum possible
ircuits is the maximum number of links minus the number
f links in a minimally connected network), (3) gamma index
ratio of observed node linkages to the maximum possible
inks in the network), and (4) cyclomatic index (number of
oute alternatives [circuits] between nodes).

oad type within 3 km. Road networks were mapped using
etrospective U.S. Census TIGER (topologically integrated
eographic encoding and referencing) line files (www.
ensus.gov/geo/www/tiger/). Road types were assessed using
ensus feature class codes (www.census.gov/geo/www/tiger/
ppendxe.asc) (i.e., feature Class A categories). The presence
f smaller, local roads (category A4x, which are more likely to
ave single traffic lanes, sidewalks, and lower speed limits)
ere of particular interest for this research, in comparison to

he presence of larger roadways (A1x) on which walking/
iking is more difficult (e.g., primary highways). Road types
ere assessed as the proportion of total roadways and the
bsolute total length.

ensus measures. Census data reflecting individuals’ resi-
ential block groups were extracted from the 1990 Census of
opulation and Housing summary tape file 3A (STF3A). A
lock group is a relatively small administrative unit in the U.S.
ensus (averaging 300 to 3000 residents). Variables used here
ere education (proportion of adults aged �25 years with a
ollege degree), minority (proportion of nonwhites), poverty
proportion of people with incomes �185% of poverty level),
ousing units (proportion of housing units occupied by
enters, proportion vacant, median housing unit age), and
obility (proportion of population living in same housing
nit since 1985, proportion of population working in county

ber 2 www.ajpm-online.net
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f residence). The metropolitan statistical area (MSA) of Add
ealth schools was also identified, and regions were broadly

ategorized as urban, suburban, or rural.

rime. Reported crimes (per 100,000 population) were as-
essed using 1995 U.S. Federal Bureau of Investigation Uni-
orm Crime Reporting county-level data from the National
rchive of Criminal Justice Data (www.icpsr.umich.edu/
ACJD/index.html), which have been shown to be associated
ith PA levels in this sample.22 For Add Health respondents
n �366) in counties with no available 1995 crime data, crime
ates were used from a previous year (1990 to 1994). For three
ounties (n �95 individuals), crime was imputed as average
eported crime in surrounding counties.

hysical Activity/Sedentary Behaviors

aily PA (e.g., housework, active play, sports, exercise) was
elf-reported using standard epidemiologic 7-day recall method-
logy.23 Surveys (www.cpc.unc.edu/projects/addhealth/code-
ooks) employed questions similar to those used and validated

n other large-scale studies.23–26 Questions asked—variations on
During the past week, how many times did you . . .”—allowed
stimation of activity frequency (bouts/week) by metabolic
quivalent (MET) value. Moderate-to-vigorous PA (MVPA) was 5
o 8 METs.27

Adolescents also reported sedentary behaviors (e.g., watch-
ng/playing TV/videos, video or computer games [hours/
eek]), using recreation centers, and playing sports with
arent(s). Overall activity frequency was summed to deter-
ine total weekly MVPA or sedentary behavior, as well as
hether individuals met national recommendations for PA
i.e., recommendation is five or more bouts/week of
VPA)28 and did not meet recommendations for sedentary

ehavior (i.e., recommendation is TO NOT exceed 14 hours/
eek “screen time”).29,30

eight Status

elf-reported height and weight were used to calculate body
ass index (BMI) (kilograms/square meters).31 The 95th

ercentile of nationally representative data (2000 Centers for
isease Control and Prevention/National Center for Health

able 1. Measured constructs of the neighborhood environm

onstruct Mea

ncome/wealth Inco
Hom

ace/ethnicity Ethn
ocioeconomic status and environment Edu

Occ
Mob
Prop

rime Seri
oad type Prop

Tota
treet connectivity (walkability) Inte

Gam
Cycl
Alph

ecreation facilities for physical activity For
tatistics growth curves), was used to classify overweight.32 r

ugust 2006
ndividuals aged 21 years (n �9) were considered as 20-year-
lds for assessing overweight. Self-reported weight and height
ave been shown to correctly classify a majority of Add Health
articipants as overweight.33

ovariates

dolescents self-reported race/ethnicity; reports were vali-
ated during in-home parent interviews. Parents reported
ighest level of achieved education, which was used to
stimate SES. Income was reported in $1000 increments and
mputed where missing, using parent occupation, family
tructure, and school community.

dentifying Patterns in Environment

luster analyses were used to identify patterns of environmental
haracteristics and to specify homogeneous, non-overlapping
lusters (or patterns) of neighborhoods sharing various mean-
ngful characteristics.34 Multiple cluster analyses were conducted
artitioning data into different numbers of clusters4–10 by
uclidean distances between observations that were weighted

or national representation, using SAS FASTCLUS, SAS version
(Research Triangle Institute, Research Triangle Park NC,

004). Representing different constructs of the neighborhood,
9 variables were used (Table 1). Z-score transformations of
ariables were used to generate clusters, allowing for the appro-
riate weighting of variables with different scales.34

To identify initial cluster centers (i.e., seed values), 1000
terations of each cluster procedure were conducted.35 The
nitial group center for each iteration was randomly generated.
he iteration with the largest overall r2 value, which allowed for

he evaluation of relative heterogeneity between clusters (vs
omogeneity within clusters), was identified. Clusters best fitting

he data maximized this inter- to intra-variability ratio, yielding a
igher r2. (For the six-cluster solution series—i.e., the final
luster solution—the maximum r2 value identified through this
terative process was 0.41.) Results of these numerous analyses
ere assessed to identify common patterns appearing across
arious procedures. The final presented clusters were those

poverty level (% less than 185%)
e (year structure was built)
(% minority)

(% with college degree)
y status (% owner occupied, % renter occupied, % vacant)
% living in same house since 1985), median house age
n working in county of residence
imes (arrests) per 100,000 persons
n of A1 and A4 roads in 3-km buffer
th of A1 and A4 roads in 3-km buffer

on density in 3-km buffer
ndex in 3-km buffer
ic index in 3-km buffer (total route alternatives)
ex in 3-km buffer (observed total route alternatives)
facility type: count in 3-km buffers
ent

sure

me to
e ag
icity

cation
upanc
ility (
ortio

ous cr
ortio
l leng
rsecti
ma i
omat
a ind
epresenting the most robust data patterns.
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emonstrating Cluster Variability

luster analytic procedures detect underlying data patterns,
egardless of utility or substantive merit, but statistical meth-
ds for validating cluster analyses are limited.34 To show that
lusters fit the data in a meaningful way, clusters are often
ested by predicting external variables not used to generate
he patterns (although associated with the clusters in theory).

To demonstrate meaningful variability between patterns
nd to validate these findings, neighborhood clusters were
ssessed as independent variables in generalized linear mod-
ls predicting adolescent PA, sedentary behavior, and over-
eight. As another tool for comparison, broad neighborhood
haracteristics were examined (e.g., broad urbanicity classifi-
ations of urban, suburban, and rural; median household
ncome; percent college-educated population; percent mi-
ority population), which have been used extensively in
revious literature.
All models controlled for important covariates (age,

ace/ethnicity, parent education/income). Observations
ith missing covariate or outcome data were excluded.
articipants who were severely disabled (n �132) and/or
regnant (n �379) were also excluded. While logistic
egression is commonly used in health research, the odds
atios yielded by these analyses substantially over-estimate
isk ratios (RRs) that are �1.0 (and under-estimate those
hat are �1.0) when the outcome is not rare. The binomial
utcomes included in these analyses were not rare (i.e.,
revalence �10%), so Poisson regression was used with
obust variance estimates to generate valid estimates of the
djusted relative risk (ARR) (and relatively conservative
onfidence intervals [CIs]), instead of adjusted odds
atios.36

Descriptive analyses of individual adolescent characteristics

able 2. Major neighborhood types identified through cluste

ype Description

ural working class Low SES, moderate-to-low mino
Low connectivity (i.e., low inters
Low access to PA facilities, very

xurban (urban/
suburban
outgrowth)

Moderate SES, low minority pop
High % of relatively recently bu
High % of population commuti
Low access to PA facilities, low s
High proportion of large arteria

ew suburban
developments
(referent)

High SES, low minority populat
Relatively recently built housing
Low access to PA facilities, very
Few roadways overall (with high

lder, upper-
middle class
suburbia with
highway access

High SES population with some
High % of older housing units
Moderate access to PA facilities,

moderate-to-high number of a
High density of roads overall (w

ixed-race/ethnicity
urban

Low SES, high poverty populatio
Moderate access to PA facilities,
High density of local roadways

ow SES, inner city Low SES, very high minority and
Large proportion of older housi
Very high access to PA facilities,
High crime, high density of loca

A, physical activity; SES, socioeconomic status.
sed post-stratification sample weights, allowing results to be n

12 American Journal of Preventive Medicine, Volume 31, Num
ationally representative. Survey design effects of multiple
tages of cluster sampling were controlled using the survey
SVY) procedure series in STATA, version 9.0 (Stata Corp,
ollege Station TX, 2004).

esults
escriptive Statistics and Final Cluster Solution

he analysis sample (n �20,745) generating the neigh-
orhood clusters was composed of 50.1% males as well
s 68.5% white, 15.2% black, 11.4% Hispanic and 4.0%
sian adolescents. Approximately 14.7% of partici-
ants’ parents had less than a high school education,
2.5% had graduated from high school (or had a
eneral equivalency diploma), 27.8% had some col-
ege, and 25.0% had a college degree or higher. Mean
articipant age was 15.4 (�0.12) years.
Six robust neighborhood pattern types were identified

y the final cluster solution and were observed across
umerous iterations of analyses, representing non-over-

apping groups of U.S. neighborhoods sharing various
ttributes. These clusters include (1) rural working class;
2) exurban (urban/suburban outgrowth); (3) new sub-
rban developments (referent); (4) older, upper-middle
lass suburbia with highway access; (5) mixed-race urban;
nd (6) low-SES inner-city neighborhoods (Table 2).
hese neighborhood patterns are distinguished by impor-

ant differences in the 19 neighborhood attributes used to
enerate the final cluster solution, including SES, race/
thnicity, socioenvironment, crime, road type, street con-

lysis procedures

opulation, little mobility
n density and few possible routes between any two points)
verall density of roadways
n

using units
work outside of county of residence
connectivity and low crime
ways

street connectivity
ortion of these roadways being of local)
mixed racial/ethnic composition, little mobility

erate street connectivity in linking intersections (and
ative street routes between any two points)
moderate proportion of large arterial roadways)

erate-to-high street connectivity and crime

high poverty population
its

high street connectivity and intersection density
dways
r ana

rity p
ectio
low o
ulatio
ilt ho
ng to
treet
l road

ion
units

poor
prop

what

mod
ltern
ith a
n
mod

very
ng un
very
l roa
ectivity, and recreation facilities (Table 3).

ber 2 www.ajpm-online.net



Table 3. Mean frequency of specific neighborhood characteristics by clustera

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6

Rural working class Exurban
New suburban
development

Older suburban
developments

Mixed-race/
ethnicity urban

Low-SES
inner city

(n � 4725) (n � 2178) (n � 3371) (n � 4280) (n � 3609) (n � 2582)

% population with a college
education (in block group)

14.5 � 0.1 (�0.56) 21.2 � 0.3 (�0.11) 34.5 � 0.2 (0.77) 32.9 � 0.3 (0.67) 17.0 � 0.2 (�0.39) 16.2 � 0.2 (�0.45)

% nonwhite population (in block
group)

20.0 � 0.4 (�0.41) 15.7 � 0.6 (�0.54) 15.0 � 0.3 (�0.56) 36.5 � 0.5 (0.06) 50.8 � 0.5 (0.47) 75.1 � 0.6 (1.17)

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

38.1 � 0.2 (0.35) 26.1 � 0.4 (�0.23) 14.7 � 0.2 (�0.79) 14.8 � 0.1 (�0.78) 45.8 � 0.3 (0.73) 48.5 � 0.4 (0.86)

% renter-occupied housing units (in
block group)

20.3 � 0.2 (�0.44) 20.6 � 0.3 (�0.43) 20.0 � 0.3 (�0.45) 21.6 � 0.3 (�0.38) 47.9 � 0.3 (0.87) 54.6 � 0.4 (1.18)

% vacant housing units (in block
group)

11.6 � 0.2 (0.44) 7.0 � 0.2 (�0.10) 7.5 � 0.2 (�0.04) 3.0 � 0.1 (�0.57) 8.8 � 0.1 (0.12) 8.9 � 0.2 (0.12)

Median house age (years) (in block
group)

23.9 � 0.1 (�0.19) 21.5 � 0.2 (�0.38) 13.2 � 0.1 (�1.03) 31.2 � 0.2 (0.38) 28.7 � 0.2 (0.18) 41.1 � 0.2 (1.15)

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

62.6 � 0.1 (0.47) 58.6 � 0.3 (0.20) 45.7 � 0.3 (�0.65) 62.6 � 0.2 (0.47) 45.8 � 0.2 (�0.64) 54.5 � 0.3 (�0.07)

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

70.5 � 0.3 (�0.36) 67.4 � 0.5 (�0.52) 75.1 � 0.4 (�0.14) 81.9 � 0.3 (0.19) 87.9 � 0.2 (0.48) 83.9 � 0.4 (0.29)

Number of facilities for physical
activity (in 3 km)

3.3 � 0.1 (�0.66) 5.7 � 0.1 (�0.58) 8.1 � 0.1 (�0.49) 32.5 � 0.2 (0.37) 23.5 � 0.2 (0.05) 68.7 � 0.9 (1.65)

Number of parks (in 3 km) �0.01 � 0.001 (�0.21) 0.01 � 0.002 (�0.20) 0.01 � 0.001 (�0.20) 0.04 � 0.003 (�0.11) 0.02 � 0.002 (�0.16) 0.55 � 0.018 (1.21)
Alpha index of road connectivity (in 3

km)
0.25 � 0.001 (0.16) 0.19 � 0.001 (�0.49) 0.16 � 0.001 (�0.81) 0.22 � 0.001 (�0.20) 0.26 � 0.001 (0.22) 0.35 � 0.002 (1.19)

Gamma index of road connectivity (in
3 km)

0.51 � 0.001 (0.22) 0.46 � 0.001 (�0.51) 0.44 � 0.001 (�0.86) 0.48 � 0.001 (�0.22) 0.51 � 0.001 (0.21) 0.57 � 0.001 (1.23)

Cyclomatic index of road connectivity
(in 3 km)

84.4 � 1.2 (�0.86) 120.9 � 2.1 (�0.77) 185.8 � 2.4 (�0.61) 548.8 � 3.5 (0.32) 584.7 � 3.2 (0.41) 1172.3 � 5.0 (1.91)

Intersection density (in 3 km) 5.0 � 0.1 (�1.00) 8.5 � 0.1 (�0.81) 14.0 � 0.2 (�0.51) 33.2 � 0.2 (0.53) 32.3 � 0.2 (0.48) 53.9 � 0.2 (1.65)
Reported crime rate (in county) 3635.5 � 29.3 (�0.83) 4483.8 � 46.6 (�0.53) 6003.6 � 37.5 (�0.004) 6195.1 � 30.2 (0.06) 6997.9 � 35.0 (0.34) 9640.2 � 61.6 (1.27)
Total length (meters) of major arterial

roadways (in 3 km)
114.6 � 13.5 (�0.91) 17,937.3 � 139.6 (0.69) 2910.7 � 89.7 (�0.66) 18,365.9 � 180.9 (0.73) 11,229.8 � 159.4 (0.09) 16,951.1 � 197.7 (0.60)

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

55,425.6 � 381.8 (�1.07) 79,429.1 � 810.7 (�0.81) 113,899.3 � 971.7 (�0.44) 206,137.1 � 682.8 (0.57) 204,157.2 � 845.8 (0.55) 291,885.8 � 960.8 (1.51)

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

0.1 � 0.02 (�0.78) 16.1 � 0.1 (1.99) 1.6 � 0.1 (�0.51) 6.6 � 0.1 (0.34) 4.1 � 0.1 (�0.09) 4.5 � 0.1 (�0.03)

% roadways that are local roads (in 3
km)

77.2 � 0.2 (0.20) 62.8 � 0.2 (�1.26) 80.2 � 0.1 (0.51) 73.7 � 0.1 (�0.16) 76.8 � 0.1 (0.16) 76.0 � 0.1 (0.08)

aMean � standard error (mean z-score) of neighborhood characteristics (unweighted).
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eighborhood–Overweight Associations

sing the neighborhood clusters, important differ-
nces in the relative risk of overweight by community
ype were identified. Compared to adolescents living in
ewer suburban developments, those who lived in
1) rural working class, (2) exurban, and (3) mixed-
ace urban neighborhoods were 30% to 40% more
ikely to have a BMI�95th percentile of age- and
ender-specific national growth curves (Figure 1), in-
ependent of SES, adolescent age, and race/ethnicity.
Conversely, analyses using individual components or

raditional measures of neighborhood characteristics
how less-clear associations (Table 4). Using traditional
nalyses, no difference in the risk of overweight be-
ween low- and moderate-SES communities was found,
lthough high-SES communities were less likely to be
verweight, compared to moderate-SES communities.
here was no difference in overweight status by the
ace/ethnicity of the community. The traditional ur-
an–suburban–rural status (using MSAs) suggest a

ower likelihood of overweight in adolescents residing
n urban areas, but no differences in rural and subur-

igure 1. Adjusted risk ratios (95% confidence intervals) of
verweight (BMI �95th percentile) by data-driven neighbor-
ood cluster definitions (n � 19,029). Note: adjusted for
ousehold income, parental education, adolescent age, and
ace/ethnicity.

able 4. Adjusted risk ratios (95% confidence intervals) of a
road, independent, and traditional measures of neighborho

Adjusted

Low tertile

edian household incomea 1.03 (0.91–1.17)
of population with
�college educationb

1.10 (0.99–1.22)

of minority populationc 1.00 (0.85–1.15)
SA classification of schoold Rural: 1.9 (0.94–1.27)

ote: Adjusting for individual parental education, household income
Low-income tertile: median household income �$23,775/year, mode
ensus block–group level (n � 19,029 in model).
Low education tertile: �14.4% of population college educated; m
lock–group level (n � 19,025 in model).
Low minority tertile: �6.1% of population is minority, moderate terti

n � 19,025 in model).
MSA, metropolitan statistical area (n � 18,709 in model).

14 American Journal of Preventive Medicine, Volume 31, Num
an neighborhoods. A comparison of the traditional
rban–suburban–rural breakdown with the approach
resented in Table 3 highlights the differences in the
wo approaches.

eighborhood–Activity Associations

mong adolescents living in older suburban neigh-
orhoods, 39% reported engaging in five or more
outs of weekly MPVA, compared to 28% of adoles-
ents living in mixed-race urban areas (data not
hown). These findings indicate notable distinctions
ithin suburban and urban community types; for
xample, independent of SES, race/ethnicity, and
ge, adolescents living in older suburban develop-
ents were 11% more likely to be physically active

han those living in newer suburban areas
ARR�1.11, CI�1.04 –1.18) (Figure 2). In addition,
hose living in low-SES inner-city areas were more
ikely to be active compared to those in mixed-race
rban neighborhoods (RR�1.09, CI�1.00 –1.18).

cent overweight (�95th percentile body mass index) using
aracteristics

ratio of overweight by neighborhood features

Moderate tertile High tertile

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)

/ethnicity, and age of adolescent.
ertile: �$23,775 to �$36,440/year, high tertile: �$36,440/year at the

te tertile: �14.4% to �26.5%; high tertile: �26.5% at the census

.1% to �49.4%, high tertile: �49.4% at the census block–group level

igure 2. Adjusted risk ratios (and 95% confidence intervals)
f achieving five or more bouts of moderate-to-vigorous
hysical activity (MVPA)/week by data-driven neighborhood
luster definition and type (rural, suburban and urban) (n �
9,531, across three models). Note: Adjusted for household
ncome, parental education, adolescent age and race/ethnic-
ty.
doles
od ch

risk

, race
rate t

odera

le: �6
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Independent of SES, race/ethnicity, and age, teens
iving in low-SES inner-city and older suburban areas
ere least likely to report playing a sport with a
arent(s), and those living in the low-SES inner-city,
ixed-race urban, and older suburban areas were the
ost likely to report using a neighborhood recre-

tion facility. High levels of screen time (�14 hours/
eek, which is above recommended levels) were most

ikely among those living in low-SES inner-city neigh-
orhoods (Table 5).

iscussion

sing cluster analysis, six robust patterns in residential
eighborhood characteristics were identified, incorpo-
ating a range of sociodemographic and built environ-
ent characteristics: (1) rural working class, (2)

xurban, (3) new suburban, (4) older suburban, (5)
ixed-race urban, and (6) low-SES inner-city areas. To

ur knowledge, this is the first study using data-driven
echniques to characterize neighborhoods by sociode-

ographic and built environment features in a nation-
lly representative survey of adolescents. These results
how differences in neighborhood patterns by adoles-
ent PA and overweight (such as the disadvantageous
ssociations between rural and urban environments
nd health). Rural populations have been particularly
nderstudied; these findings indicate that these indi-
iduals have unique neighborhood characteristics that
eserve further attention.
These findings show other important differences by

ctivity and weight status. Contrary to recent reports
upporting positive relationships between sprawl and
dult overweight/obesity,19,37,38 the current results in-
icate some beneficial associations between suburban

iving and activity/overweight. Cross-sectionally, these
ndings indicate that adolescents living in rural work-

ng class, exurban, and mixed-race urban areas were at
he highest risk of overweight compared to those in the
ewer suburban cluster type. Teens living in older
uburban communities were most likely to be physically
ctive. In adolescence, there may be protective factors
hared by those living in suburban communities (e.g.,
chool-based sports/activity facilities, community orga-
izations, low crime) overriding the deleterious effects
f suburbia, which are believed to be at play in restrict-

ng activity of adult residents (e.g., low walkability,
ependence on automobiles).
The natural patterns of neighborhood characteristics

nderlying these data represent diverse settings that
pan urban, suburban, and rural regions, and are
hown to be valid through empirical evidence and
heoretical frameworks. For example, these results are
onsistent with previous findings that low-income, ra-
ial/ethnic minority, and rural populations are less
hysically active and more overweight and obese.3,39–41
n addition, the findings are supported by theoretical
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1

onstructs of transect planning, an approach to urban
lanning emphasizing breadth and range in commu-
ity design to recognize a broad range of human and
nvironmental needs, rather than a “one size fits all”
pproach.42 These neighborhood patterns overlap
any of the eco-zones outlined in the transect planning

iterature, which to date has been based largely on
heory and empirical evidence from smaller geographic
amples with restrictive analytic approaches. Guided by
hese eco-zones in the transect theory literature, in
onjunction with the empirically derived cluster defini-
ions of this study (e.g., described by mean frequency of
pecific neighborhood characteristics by clusters),
hese neighborhood types may be re-created and ex-
lored in other data sets. In characterizing multidimen-
ional neighborhood features, it is understood that they
ary in structure and sociodemographic composition,
nd likely have differential impacts on population
ealth behavior. By better understanding the complex-

ties of today’s American residential landscape, there is
he opportunity to better conceptualize how to en-
ance built and social environments and tailor solu-

ions that will promote healthy lifestyles.
While these data show important dimensions of U.S.

ommunities and their association with health behav-
or, they are not without limitation. First, the data on
A and BMI are derived from self-reported measures,
hich are subject to error and bias. Second, these
ndings are cross-sectional, thus limiting causal infer-
nce, and may be influenced by residual confounding
due to unmeasured characteristics for which there is
o control). Third, it is difficult to assess the true
alidity of the cluster method, given that cluster analysis
ill detect underlying patterns in data, regardless of
eaning or utility. To address this issue, this research

tilized several approaches, similar to those used in
ther previous applications of cluster methods, includ-

ng (1) assessing numerous iterations of cluster solu-
ions to ensure that the final solution represents robust
atterns in the data, (2) comparing these findings to
stablished theoretical frameworks, such as the eco-
ones of transect planning, and (3) contrasting these
lusters with external variables (that were not used in
he cluster creation), such as PA and overweight status.
he latter is critical for ensuring meaningful interpret-
bility of the cluster results.

Finally, the strength in this study of using data charac-
erizing multiple sites across the nation may also limit the
bility to characterize neighborhood environments. While
ll of the neighborhood characteristics are relevant to
ndividual participants, they represent varying degrees of
neighborhood,” potentially carrying varying degrees of
nfluence. Methods for defining one’s neighborhood are
ighly debated; there is no consensus on appropriate
uffer sizes to capture relevant exposure areas. The
xposure areas assessed here may not be the most appro-

riate size (e.g., 1-mile buffers, county-level crime). In- s

16 American Journal of Preventive Medicine, Volume 31, Num
eed, this is an important area for future research,
ncluding detailed analyses on methods of measuring
nvironmental characteristics and important aspects of
nfluential neighborhood features.

This is possibly the first research characterizing the
ational landscape in this way, understanding how
eighborhoods function as a whole (rather than as

ndividual components) and how they are associated
ith adolescent health behaviors and outcomes. Indi-
iduals live in neighborhoods rather than income
rackets, and are simultaneously affected by factors
uch as crime, facility access, and street connectivity,
hich work in concert to affect health behavior. While

raditional risk factor analysis provides important in-
ights into the association between environment and
ehavior, these findings show that broad, traditional
easures of neighborhood characteristics (e.g., me-

ian household income) may not capture the fine-grain
etail and complexity needed to better understand how
nvironments influence behavior. Thus, using pattern
nalysis with detailed environmental measures supple-
ents the understanding of covariance in the environ-
ent and important environment–behavior relation-

hips. Effective population-wide health promotion
trategies and public policies need to address pre-
xisting neighborhoods, which are composed of a
ariety of factors, many of which may be important
eterminants of activity patterns.
The patterns of neighborhood features identified

ere show meaningful variation, supported by urban
lanning theory and empirical evidence. Not only do
hese findings help illustrate the important effects of
eighborhood on health, but they also demonstrate the

nherent complexity of these relationships. This re-
earch highlights the extent to which neighborhoods
ary, as well as how individuals may function differently
n different environments, and points to the challenges
f increasing population-wide PA through community
esign. Future research is needed to explore the spe-
ific mechanisms through which neighborhood form
ffects population health, as well as the interactive
ffects of a spectrum of co-varying community charac-
eristics and the extent to which effective intervention
nd policy strategies can be tailored to promote healthy
ifestyles.

unding for this study and the development of the prelimi-
ary spatial measures comes from the National Institutes of
ealth, including the National Institute of Child Health and
uman Development (NICHD) (R01-HD39183-01, R01
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iabetes and Digestive and Kidney Diseases (DK56350),
ational Institute of Environmental Health Sciences
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nvestigator Dissertation Award from the Robert Wood John-

on Foundation’s Active Living Research Program (050752).
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