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a b s t r a c t

We examined the association between perceived neighborhood characteristics and transport and

2-year changes in accelerometer-determined nonschool MET-weighted moderate-to-vigorous physical

activity (MW-MVPA) and sedentary behavior of adolescent girls. Reporting that children do not play

outdoors in their neighborhood, that their neighborhood was well lit, and that there were trails in their

neighborhood were each associated with significant decreases in nonschool MW-MVPA. None of the

neighborhood or transportation measures was associated with changes in nonschool sedentary

behavior. Further work is needed to understand the determinants of the decline in physical activity and

the increase in sedentary behavior among adolescent girls.

& 2010 Elsevier Ltd. All rights reserved.

1. Introduction

National surveillance indicates that physical activity among
youth is suboptimal (Brownson et al., 2005; Matthews et al.,
2008; Troiano et al., 2008) and significantly declines during the
middle-school years (Nader et al., 2008). To develop interventions
to address this problem, it is important to identify factors
associated with decreasing physical activity. The socioecologic
framework may help in this regard, as it posits that physical
activity behavior is influenced at the intrapersonal, interpersonal,
neighborhood, policy, and environmental levels (McLeroy et al.,
1988; Sallis and Owen, 1997). The neighborhood environment
may be a particularly salient influence on physical activity among
youth, since they have less choice over where to play and be
active (Ferreira et al., 2007). In support of this, in 2009, the
American Academy of Pediatrics released a policy statement
promoting environments and policies favoring physical activity,
such as consideration of traffic, safety, and easier access to parks,
open space, and schools (Tester, 2009).

A 2000 review of correlates of physical activity for youth found
neighborhood or environmental factors to be an under-studied

area (Sallis et al., 2000). Since that review, many more studies
have explored this topic, often using cross-sectional designs and
self-reported measures of physical activity (Biddle et al., 2005;
Davison and Lawson, 2006; Ferreira et al., 2007; Van Der Horst
et al., 2007). Ferreira et al. (2007) concluded that the question of
how environmental features influence youth physical activity
remains largely unanswered, in part due to the study designs
employed by the existing studies.

The limitations on the existing literature on youth physical
activity generally apply to the literature on sedentary behavior as
well. A review of sedentary behavior among youth concluded that
more research was needed to develop effective interventions to
diminish time spent on inactive behaviors (Van Der Horst et al.,
2007).

We previously studied the cross-sectional relationships
between perceived neighborhood factors and physical activity
and sedentary behavior (both occurring after school and on week-
ends, heretofore referred to as ‘‘nonschool’’) among 6th-grade
girls participating in the Trial of Activity in Adolescent Girls
(TAAG) (Evenson et al., 2007). We identified several self-reported
neighborhood factors associated with higher nonschool MET-
weighted moderate-to-vigorous physical activity (MW-MVPA), in
those cross-sectional analyses, including reporting well-lit streets
in the neighborhood, a lot of neighborhood traffic, presence of
bicycle or walking trails in the neighborhood, and access to
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physical activity facilities. However, no cross-sectional associa-
tions between perceived neighborhood factors and sedentary
behavior were identified.

The purpose of this study was to examine the prospective
association between perceived neighborhood characteristics and
transport (both assessed at baseline) on changes in nonschool
MW-MVPA and sedentary behavior among a cohort of ethnically
diverse adolescent girls. We hypothesized that girls who per-
ceived a more conducive neighborhood environment for physical
activity, more physical activity opportunities, and better transport
options at baseline would have more favorable changes from 6th
to 8th grade in nonschool physical activity and sedentary
behavior.

2. Methods

2.1. Study population, recruitment, and consent

At baseline, participants were adolescent girls in the 6th grade
recruited from 36 schools located in Arizona, California, Louisiana,
Maryland, Minnesota, and South Carolina who were participating
in TAAG. TAAG was a multicenter school-based group-rando-
mized trial designed to test an intervention to reduce the usual
decline in physical activity among middle-school girls (Stevens
et al., 2005; Webber et al., 2008). Parents or guardians provided
written informed consent, and the girls also provided written
assent. This study was approved by the Institutional Review
Boards at each field center, the Coordinating Center, and at RAND.

Public middle schools, in which a majority of students lived in
the surrounding community, were eligible to participate. Addi-
tional school eligibility criteria included: (1) enrollment of at least
90 8th-grade girls, (2) yearly withdrawal rates less than 28%, (3)
at least one semester of physical education required for each
grade, and (4) willingness to sign a memorandum of under-
standing and accept random assignment of the school. TAAG
schools represented the demographic and socioeconomic make-
up of their school districts, with preference given to schools with
greater racial/ethnic and socioeconomic diversity. Of the 68
schools invited to participate, 41 agreed and the 36 most
conveniently accessed from the university-based research centers
were selected (Elder et al., 2008).

2.2. Data collection procedures

Measurements considered here were taken during spring 2003
and 2005. Separate intervention and measurement staff were
employed, and separate central training sessions were held to
train and certify staff. These certified staff then trained additional
site staff as needed. Periodic recertification ensured that perfor-
mance standards were met.

Physical activity and sedentary behavior measures: an Actigraph
(model #AM7164) accelerometer was used to measure physical
activity and sedentary behavior at baseline and follow-up. This
device is made by Manufacturing Technologies Inc. Health
Systems (http://mtiactigraph.com) and is a small, lightweight,
technically reliable (Metcalf et al., 2002) uniaxial accelerometer.
Participants wore the monitor on their right hip secured by a belt
to measure accelerations in the vertical plane. Trained and
certified TAAG staff members distributed the accelerometers
and provided detailed verbal and written instructions on when
and how to wear the accelerometers over a 6-day period. Girls
were asked to remove the monitor only for sleeping, bathing, or
swimming. Data were collected and stored in 30-second epochs.
Half-minute counts were used instead of full-minute counts

based on the expectation that the shorter interval would be more
sensitive to fluctuations in activity levels.

Accelerometer readings were reduced using methods pre-
viously described (Treuth et al., 2004). If counts were recorded as
zero for 20 min or more, then it was assumed that the participant
was not wearing the accelerometer. We called girls compliant
with the protocol if they wore the monitor 80% of the time
available in a given block of time. The time blocks included before
school, during school, after school, early evening, and evening. If
the participant was compliant during the time block, we used the
data provided and if not, we used imputation (based on the
expectation maximization algorithm) to fill in the missing data for
that block, with at least one day of compliance being required for
each girl. The result was a set of six 18-hour days of data for each
girl, covering the period from 6:00 a.m. to midnight. A separate
evaluation of the imputation procedure indicated that it provided
valid results, even when data were not missing at random
(Catellier et al., 2005).

Sedentary behavior was defined as 0–50 counts per 30-s
epoch. Readings above 1500 counts per 30-s were defined as
MVPA. This threshold for MVPA had the optimal sensitivity and
specificity for discriminating brisk walking from less vigorous
activities in 8th-grade girls (Treuth et al., 2004). Counts above
1500 per half-minute were converted into METs (metabolic
equivalents), using a regression equation developed from a TAAG
substudy (Schmitz et al., 2005; Treuth et al., 2004); the sum of
METs over a single day provided MET-minutes per day of MVPA,
where 1 MET-minute represents the metabolic equivalent of
energy expended sitting at rest for 1 min. This provided more
weight to vigorous activities when compared to moderate
activities. For example, an activity corresponding to 7 METs
performed for 10 min would receive a value of 70 MW-MVPA min.
For the analyses, accelerometer data were limited to after school
on weekdays (2:00 p.m. to midnight) and on weekends, because
we hypothesized that the neighborhood environmental factors
and transportation would only affect nonschool activity; the
accelerometer data were summed over the six days measured for
each girl. We also repeated the analyses when including the
weekday morning time (6:00 a.m.–9:00 a.m.).

Self-reported neighborhood and transportation measures: self-
reported measures of neighborhood environment were taken
from a questionnaire developed during the pilot phase of the
TAAG study (Evenson et al., 2006) and completed in both 6th and
8th grades, close to the time of accelerometry data collection. Ten
items asked about perceived safety (e.g., safe to walk or jog in
neighborhood, see walkers/bicyclists from homes on street,
traffic, crime, other children playing outdoors, lighting), aesthetics
(i.e., many interesting things to look at in the neighborhood), and
access to facilities near home (e.g., places to walk to from home,
sidewalks, trails). For each of the 10 items, the response options
on a 5-point scale were disagree a lot, disagree a little, neither
agree or disagree (referred to as ‘‘neutral’’ in the text and tables),
agree a little, or agree a lot. Two-week test–retest reliability, on a
separate sample of 6th- and 8th-grade girls, using the 5-level
responses ranged 0.37–0.58 (weighted kappa coefficients) for
these items (Evenson et al., 2006). For analysis, these 5-level
answers were collapsed into three categories based on distribu-
tions and to increase reliability: disagree, neutral, and agree. We
chose a priori to analyze each of the items separately.

Girls were provided a list of 14 facilities and asked: ‘‘Is it easy
to get to and from this place from home or school?’’ (yes or no).
The listed facilities included the following: basketball court, beach
or lake, golf course, health club, martial arts studio, playing field
(soccer or softball), park, recreation center or YMCA/YWCA, track,
skating rink (ice, roller, or inline), swimming pool, walking, biking,
or hiking path or trail, tennis court, and dance or gymnastic club.
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These 14 locations corresponded to recreational activities that
similar girls of this age and location reported most often,
identified through the formative work of the TAAG Study (Grieser
et al., 2006). The responses were scored by adding the total
number of facilities to which the participant could get to easily
(possible score range 0–14). Two-week test–retest reliability, on a
separate sample of 6th- and 8th-grade girls, for the physical
activity facilities score was 0.78 (intraclass correlation coefficient)
(Evenson et al., 2006).

After-school transportation was assessed in the TAAG Study as
a potential moderator of the intervention, since parental trans-
portation was previously identified as a barrier to physical activity
(Sallis et al., 2000). Girls were also asked the following three
questions on after-school transportation to/from activities, with
the response options including not at all difficult, somewhat
difficult, very difficult, or impossible.

1. If you stayed after school for an activity every day, how
difficult would it be for you to get home afterward?

2. If you wanted to do an after-school activity someplace else
besides school everyday, how difficult would it be to get there?

3. If you wanted to do an after-school activity someplace else
besides school everyday, how difficult would it be for you to
get home afterward?

Two-week test–retest reliability, on a separate sample of 6th-
and 8th-grade girls, using the 4-level responses ranged 0.38–0.44
(weighted kappa coefficients) for these separate items (Evenson
et al., 2006).

Covariate measures: each girl responded to two questions on
race/ethnicity. The first asked whether the girl considered herself
as Hispanic, Mexican American, or of Spanish origin. The second
asked whether the girl considered herself as white, black or
African–American, Asian, Native Hawaiian or other Pacific
Islander, American Indian or Alaska Native, or other. Date of birth
was collected on the parental consent forms and age was
calculated from the date of birth to the date of completion of
the survey. Each school provided the percent of 6th-, 7th-, and
8th-graders on free or reduced-price lunches. Generally, students
whose families earned less than 200% of the poverty level were
eligible for this program.

A neighborhood socioeconomic index, described elsewhere
(Cohen et al., 2006), was created using neighborhood-level U.S.
census data. Three different census block-group level indicators
from the census were standardized: the percentage of households
above the poverty line, the percentage of employed persons in the
labor force over 16 years of age, and the percentage of persons
over the age of 25 years with more than a high school diploma.
These three factors were then combined into an index and
interpolated for the circular area delimited by a half-mile radius
around each girl’s geocoded residence.

2.3. Sample selection and participation

Girls were selected within schools by random sampling of all
eligible girls. Reasons for ineligibility were: (1) unable to read and
understand English, (2) told by a doctor to avoid exercise, or (3)
other medical contraindication. A simple random sample of 45–60
girls, depending on school size, was drawn from 6th-grade girls in
the spring of 2003. Parental consent and student assent were
obtained for 1721 of the 2160 eligible girls for an average
recruitment rate of 80%.

An independent random sample of 90–120 girls, depending on
school size, was drawn from 8th-grade girls in the same schools in
spring 2005. To maximize the number of girls available for

longitudinal studies, we also recruited all of the 8th-grade girls
who had been previously measured in the 6th grade and who
remained in their original school, even if they were not in the
second random sample (Stevens et al., 2007).

Of the 1721 girls assessed in 6th grade, 118 had incomplete or
missing accelerometer data, 47 home addresses could not be
geocoded, and 7 did not complete the 6th grade questionnaire.
Following these baseline exclusions, we also excluded 140 girls
who moved between baseline and follow-up, 431 girls not
measured at follow-up (due to school changes or refusals), and
131 who did not complete the accelerometer portion of data
collection in 2005. This left 847 girls for these analyses.

2.4. Statistical analysis

The data had a hierarchical structure, in which girls were
nested within schools and schools were nested within study site.
Therefore, to determine whether neighborhood and transport
factors were associated with the outcomes, school and site were
treated as random effects in a linear mixed model. For these
analyses, adjustment for multiple tests was not performed. For all
models presented, the normality assumption appeared valid
based on examination of the residuals, so that all analyses were
performed in the original scale for the dependent variables. We
examined two dependent variables: nonschool MW-MVPA and
nonschool sedentary behavior, both scaled to min/week. For each,
we examined 14 measures of neighborhood factors (6 safety
items, 1 aesthetics item, 3 access to facilities near home items, 1
ease of access to activities scale), and 3 items on transportation.

The longitudinal analysis was conducted in two stages. In the
first stage, we performed a mixed-model repeated-measures
analysis of covariance (ANCOVA), wherein the dependent variable
was regressed on the perceived neighborhood or transportation
exposure, time (8th and 6th grades), the interaction between the
exposure of interest and time, and the covariates. In each model,
the girl-level covariates included race/ethnicity (indicator vari-
ables) and neighborhood socioeconomic status (continuous),
while the school-level covariates included treatment condition
(intervention vs. control) and percent free or reduced lunch
(continuous).

In the second stage, we selected exposure variables with a
p-value of at least po0.10 in the first stage. These variables, time,
and their interactions with time were then included in a new
mixed-model repeated-measures ANCOVA, which also included
the design variables and covariates described previously. The time
by perceived neighborhood or transportation interactions were
dropped one by one until only interactions with po0.10
remained. For categorical exposure variables, we calculated
adjusted means for 8th and 6th grades for each category, the
8th–6th grades change in activity for each category, and contrasts
comparing the 8th–6th grades changes among the categories; the
adjusted means were calculated as though each level of exposure
had the same average value on each covariate. All analyses were
conducted using the MIXED procedure in SAS version 9.1 (Littell
et al., 2006).

3. Results

3.1. Characteristics of the sample

Tables 1 and 2 summarize the characteristics of the girls
included in the analysis sample in the 6th and 8th grades.
Approximately half of the participants were White (53.5%),
followed by Hispanic (19.1%) and Black (18.0%). In the 6th
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grade, the girls mean age was 11.9 years. Nonschool MW-MVPA
averaged 703 and 633 MET-min/week in the 6th and 8th grades,
respectively. Nonschool sedentary behavior averaged 1937 and
2191 min/week in the 6th and 8th grades, respectively.

In the 6th and 8th grades, the facilities easiest to get to and
from included parks, playing fields, paths or trails, and swimming
pools (Table 1). In the 6th grade, more than two-thirds of the
sample reported safety walking or jogging in their neighborhood
(75.2%), seeing walkers or bikers from their home (67.7%), and
seeing other youth playing outdoors in their neighborhood
(70.6%) (Table 3). More than two-thirds of the sample also
reported a lot of crime in their neighborhood (77.8%) and enough

traffic to make it hard to walk (79.4%). Most of these distributions
did not meaningfully change from the 6th to the 8th grade.

3.2. Longitudinal findings

Table 3 summarizes the results of the mixed-model repeated-
measures ANCOVA, exploring neighborhood and transportation
characteristics measured in the 6th grade on changes in non-
school MW-MVPA from the 6th to 8th grade. The results did
not meaningfully change when including the weekday morning
times (6:00–9:00 a.m.) into the nonschool MW-MVPA measure
(data not shown). Of the 14 measures reported by the girls on
their neighborhood and transportation tested in the univariable
models, four had a global p-value less than 0.10. Of the four, one
item (sidewalks on most of the streets in my neighborhood) did
not remain significant but the other three remained significant in
the multivariable model.

First, in the 6th grade, girls who agreed that their streets were
well lit at night had higher nonschool MW-MVPA than girls
who disagreed or were neutral. However, between the 6th and
8th grades, those girls had a significant average decline of 93
nonschool MW-MVPA min/week. In the 6th grade, those who
were neutral that their neighborhood streets were well lit at night
had an average significant decline of 119 nonschool MW-MVPA
min/week from the 6th to the 8th grade. Those who disagreed did
not have any significant change in their nonschool MW-MVPA
min/week from the 6th to the 8th grade.

We performed contrasts to determine whether the magnitude
of the change in nonschool MW-MVPA min/week from 6th to 8th
grade differed significantly depending on girls’ 6th grade response
to the statement that their streets were well lit at night (data not
shown). There were significant differences between girls who
disagreed with the other response categories (disagree vs. neither
p¼0.03; disagree vs. agree p¼0.03). However, the magnitude of
decline in nonschool MW-MVPA among girls who agreed (93 min/
week) and those who were neutral (119 min/week) did not differ
significantly (p¼0.67).

Second, in the 6th grade, girls who were neutral that they saw
other girls or boys playing outdoors in their neighborhood, had
higher nonschool MW-MVPA than girls who disagreed or agreed.
However, between the 6th and 8th grades, those girls had a
significant average decline of 217 min of nonschool MW-MVPA
min/week, while those who disagreed with the statement had a
significant decline of 106 nonschool MW-MVPA min/week. Girls
who agreed did not have a significant change in their nonschool
MW-MVPA min/week from the 6th to the 8th grade.

We performed contrasts to determine whether the magnitude
of the change in nonschool MW-MVPA min/week from 6th to 8th
grade differed significantly depending on girls’ 6th grade response
to the statement that they saw other girls or boys playing
outdoors in their neighborhood (data not shown). The contrast
between those who agreed and those who were neutral was
significant (p¼0.008). No other contrast was significant.

Third, in the 6th grade, girls who agreed that there were
bicycle and walking trails in their neighborhood had higher
nonschool MW-MVPA than girls who disagreed or were neutral.
However, between the 6th and 8th grades, those girls had a
significant average decline of 124 min of nonschool MW-MVPA
min/week. Girls who disagreed, and those who were neutral did
not significantly change their nonschool MW-MVPA min/week.

Table 4 summarizes the results of the univariable mixed-
model repeated-measures ANCOVA exploring neighborhood and
transportation characteristics measured in the sixth grade on
changes in nonschool sedentary behavior from the 6th to 8th
grade. None of the self-reported measures on neighborhood or

Table 1
Characteristics of participants in the 6th and 8th grade (n¼847).

6th Grade 8th Grade

Percent n Percent n

Site

Tucson, AZ 14.9 126

San Diego, CA 17.8 151

Baltimore, MD 16.5 140

New Orleans, LA 14.5 123

Minneapolis, MN 23.0 195

Columbia, SC 13.2 112

Race/ethnicity

Asian, Native Hawaiian or Pacific Islander 4.8 41

Black 18.0 152

American Indian 0.2 2

Multi-racial 4.4 37

Hispanic 19.1 162

White 53.5 453

Is it easy to get to and from a y.? (yes)

Basketball court 59.4 482 70.0 589

Beach or lake 31.3 254 32.7 275

Golf course 26.5 214 32.6 274

Health club 23.3 188 36.4 304

Martial arts studio 21.5 173 26.8 225

Playing field 71.7 583 78.2 655

Park 74.4 607 83.3 700

Recreation center 33.5 270 44.3 372

Track 45.2 359 57.8 481

Skating rink (ice, roller, or inline) 37.7 300 40.9 341

Swimming pool 64.5 513 67.3 560

Walking, biking, or hiking path or trail 63.9 508 64.8 540

Tennis court 48.1 381 60.7 504

Dance or gymnastics club 31.4 248 35.7 297

Table 2
Mean and standard deviation (SD) of measures describing participants in the 6th

and 8th grades (n¼847).

6th Grade 8th Grade

Mean SD Mean SD

Age 11.9 0.4 13.9 0.4

Access to physical activity facilities sum scorea 6.2 3.3 7.3 3.2

Percent free and reduced lunch (school-level) 34.0 25.9 37.9 26.2

Standardized socioeconomic status index 0.2 0.9 0.2 0.9

Weekly nonschool activity from accelerometerb

Sedentary minutes per week 1937 369 2191 352

MW-MVPA minutes per week 703 476 633 408

MW-MVPA: MET-weighted moderate-to-vigorous physical activity.

a Access to physical activity facilities sum score combines the total number of

physical activity facilities easy to get to.
b After 2 p.m. on weekdays, in addition to the weekend.
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transportation was related to change in nonschool sedentary
behavior (no items with a global p-valueo0.10), so no
multivariable analyses were conducted. The results reported in

Table 4 did not meaningfully change when including the weekday
morning times (6:00–9:00 a.m.) into the nonschool sedentary
behavior measure (data not shown).

Table 3
Percent (6th and 8th grade) and adjusted change in total weekly minutes of nonschool MW-MVPA (8th–6th grade) as a function of the level of the predictor at baseline (6th

grade).

Percent Percent Nonschool MW-MVPA from univariable

modelsa

Nonschool MW-MVPA

from multivariable

modelsb

6th

Grade

8th Grade 6th

Grade

8th

Grade

8th–6th

Grade

p-Valuec 8th–6th

Grade

p-Valuec

Safety

It is safe to walk or jog in my neighborhood 0.691

Agree 75.2 72.6 723 652 �70.9 0.003

Neutral 11.5 11.4 636 620 �16.2 0.796

Disagree 13.3 16.0 680 599 �80.3 0.141

Walkers and bikers on the streets in my neighborhood can easily be

seen by people in their homes 0.519
Agree 67.7 69.1 714 659 �54.4 0.017

Neutral 19.0 16.5 714 596 �118.0 0.016

Disagree 13.4 14.5 671 602 �69.1 0.215

There is a lot of crime in my neighborhood 0.128

Agree 77.8 74.7 700 661 �39.7 0.040

Neutral 9.5 13.6 705 571 �133.8 0.030

Disagree 12.7 11.8 742 603 �139.2 0.016

My neighborhood streets are well lit at night 0.016 0.042

Agree 52.3 42.0 739 643 �95.8 0.001 �92.8 0.003

Neutral 17.1 18.2 701 577 �123.9 0.011 �118.5 0.020

Disagree 30.6 39.8 652 669 17.2 0.603 16.7 0.654

There is so much traffic that it makes it hard to walk in my

neighborhood

0.516

Agree 79.4 78.1 718 649 �69.2 0.003

Neutral 7.3 10.1 599 608 8.9 0.901

Disagree 13.3 11.8 708 615 �92.8 0.108

I often see other girls or boys playing outdoors in my neighborhood 0.046 0.020

Agree 70.6 65.7 705 660 �45.3 0.054 �29.2 0.249

Neutral 10.7 11.7 821 612 �209.4 0.001 �217.4 0.001

Disagree 18.7 22.7 646 604 �42.1 0.348 �105.8 0.032

Aesthetics

There are many interesting things to look at while walking in my

neighborhood

0.973

Agree 57.0 44.4 704 637 �67.8 0.015

Neutral 21.4 26.5 724 668 �55.7 0.184

Disagree 21.6 29.1 688 625 �63.0 0.123

Physical activity facilities and destinations

There are many places I like to go within easy walking distance of my

home

0.540

Agree 64.6 62.0 733 657 �76.1 0.003

Neutral 17.9 14.0 656 641 �14.8 0.777

Disagree 17.5 24.0 686 603 �83.3 0.075

There are sidewalks on most of the streets in my neighborhood 0.061 0.548

Agree 59.1 62.0 722 640 �82.3 0.000 �60.4 0.026

Neutral 8.2 5.3 799 621 �178.0 0.028 �149.6 0.077

Disagree 32.7 32.7 651 647 �4.5 0.888 �48.1 0.208

There are bicycle or walking trails in my neighborhood 0.006 0.020

Agree 51.2 48.2 754 625 �128.8 o0.0001 �124.0 o0.0001

Neutral 11.8 11.6 663 607 �56.0 0.362 �0.9 0.988

Disagree 37.0 40.1 658 670 11.5 0.737 �0.3 0.993

Ease to get to 14 activitiesd 0.161

Not easy to get to any activities �20.9

Easy to get to all 14 activities �143.6

Transportation

Get home from after-school activity at school 0.106

Not at all difficult 59.7 60.9 731 621 �109.4 o0.0001

Somewhat difficult 32.1 32.8 666 664 �1.7 0.962

Very difficult 6.1 5.0 735 695 �40.8 0.647

Impossible 2.2 1.3 794 677 �116.5 0.462

Get to an after-school activity not at school 0.946

Not at all difficult 35.6 32.1 715 631 �84.3 0.016

Somewhat difficult 49.1 50.8 702 642 �60.6 0.036
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4. Discussion

4.1. Physical activity

This is one of the first longitudinal studies to explore the
association of neighborhood characteristics in relationship to
changes in objective measures of physical activity and sedentary
behavior among adolescent girls. Over this 2-year period, non-
school MW-MVPA declined, while sedentary behavior increased,
consistent with reports from national surveillance of physical
activity using accelerometry (Matthews et al., 2008; Troiano et al.,
2008). We hypothesized that girls who perceived a more
conducive neighborhood environment for physical activity, more
physical activity opportunities, and better transport options at
baseline would have more favorable changes from 6th to 8th
grade in nonschool physical activity than girls who reported less
favorable neighborhood environmental for physical activity, few-
er physical activity opportunities, and worse transport options.
This hypothesis was based on our prior cross-sectional analysis of
this cohort of girls, showing that girls reporting well-lit streets, a
lot of traffic, presence of bicycle or walking trails, and access to
physical activity facilities was associated with nonschool MW-
MVPA (Evenson et al., 2007). Since nonschool MW-MVPA declined
among this cohort, the term ‘‘more favorable changes’’ in our
hypothesis would be classified as a less steep decline in nonschool
MW-MVPA as compared to girls reporting less favorable neigh-
borhoods for physical activity. This hypothesis was not supported
in most cases.

The results for our item on other children playing outside in
the neighborhood were consistent with our hypothesis. Disagree-
ing, or responding neutrally, that other children played outside in
their neighborhood were associated with a significant decline in
nonschool MW-MVPA. Reporting (i.e., agreeing) in 6th grade that
other children played outside in their neighborhood was not
associated with a significant change in nonschool MW-MVPA.
Children playing outdoors in the neighborhood may be a marker
for a more favorable space for youth physical activity and could
signal social norms supportive of outdoor physical activity among
youth. This measure may be important to assess in other studies,
due to the longitudinal associations identified among these
adolescent girls.

The results for our item on well lit neighborhood streets were
counter to our hypothesis: reporting that the neighborhood had
well-lit streets was associated with steeper declines in nonschool

MW-MVPA. The results for our item on trails in the neighborhood
were also counter to our hypothesis: reporting that the neighbor-
hood had trails was associated with a significant decline in
nonschool MW-MVPA. It may be the case that both well-lit streets
and trails served as important venues for nonschool activity for
6th graders, but not for 8th-graders. Also, reporting that there
were trails or well-lit streets in your neighborhood cannot be
interpreted as using the trails or being out at night. In a
longitudinal study of North Carolina children from elementary
school through the 10th grade, Bradley et al. (2000) found that
girls’ most commonly reported after-school activities shifted
during the middle-school years, with sedentary activities such
as talking on the phone and music lessons replacing physical
activities popular during elementary school such as in-line
skating and swimming. Other researchers have found similar
replacement of active pursuits with sedentary leisure activities
over time among adolescents (Aaron et al., 2002; Dovey et al.,
1998). If similar substitutions occurred in our sample, this could
explain to the observed associations.

The remaining four safety items, the aesthetics item, and the
three transportation items were not associated with changes in
nonschool MW-MVPA. This pattern is actually consistent with the
few other longitudinal studies of youth that included neighbor-
hood measures. A study among high school girls found that a
3-item measure relating to cost and lack of physical activity
resources was not associated with changes in self-reported
physical activity (Neumark-Sztainer et al., 2003). In younger age
groups, no association in changes of self-reported physical activity
were observed for home equipment (Trost et al., 1997) and
parental reported neighborhood safety (Sallis et al., 1999).

These findings raise interesting questions about our under-
standing of the relationship between neighborhoods and physical
activity for adolescents. Positive associations have been found in
cross-sectional studies, including our own. But longitudinal
studies have found few associations, and sometimes associations
that were counter to expectations. One possible explanation is
that the relationships change as children age. Another is that the
activity itself leads to change both in the activity and in the
relationship. For example, children who engage in physical
activity outdoors may be more likely to notice and report
characteristics, such as dangerous locations and unpleasant
smells, simply because their outdoor activity gives them greater
exposure to those characteristics than their peers who are less
active outdoors.

Table 3 (continued )

Percent Percent Nonschool MW-MVPA from univariable

modelsa

Nonschool MW-MVPA

from multivariable

modelsb

6th

Grade

8th Grade 6th

Grade

8th

Grade

8th–6th

Grade

p-Valuec 8th–6th

Grade

p-Valuec

Very difficult 12.5 15.1 754 664 �90.0 0.109

Impossible 2.9 2.0 698 618 �79.6 0.550

Get home from an activity someplace else 0.623

Not at all difficult 45.9 43.3 724 642 �82.8 0.006

Somewhat difficult 39.1 42.5 686 643 �42.8 0.178

Very difficult 11.2 11.0 740 629 �111.1 0.073

Impossible 3.8 3.2 791 646 �144.1 0.189

MW-MVPA: MET-weighted moderate-to-vigorous physical activity.

a Adjusted for intervention group and baseline values of percent on free/reduced fare lunch, neighborhood socioeconomic status, and race/ethnicity.
b Includes further adjustment for time and interactions with time.
c The global p-value (located in the same row as the question) tests whether girls’ mean change in nonschool MW-MVPA from 6th to 8th grade differed according to

their responses in the 6th grade to the statement provided. The item specific p-values test whether the slope of the change in nonschool MW-MVPA from 6th to 8th grade is

significantly different from zero in each response category. Item specific p-values were interpreted only if the global p-value was o0.10.
d Access to physial activity facilities sum score combines the total number of physical activity facilities easy to get to.
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Table 4
Adjusted change in total weekly minutes of nonschool sedentary behavior (8th–6th grade) as a function of the level of the predictor at baseline (6th grade).

Nonschool sedentary behavior from univariable modelsa

6th Grade 8th Grade 8th–6th Grade p-valueb

Safety

It is safe to walk or jog in my neighborhood 0.616

Agree 1943 2184 240.9 o0.0001

Neutral 1926 2200 274.4 o0.0001

Disagree 1896 2179 282.5 o0.0001

Walkers and bikers on the streets in my neighborhood can easily be seen by people in their homes 0.183

Agree 1953 2176 222.8 o0.0001

Neutral 1896 2198 302.0 o0.0001

Disagree 1926 2191 264.6 o0.0001

There is a lot of crime in my neighborhood 0.877

Agree 1947 2190 243.3 o0.0001

Neutral 1918 2189 271.2 o0.0001

Disagree 1887 2132 245.1 o0.0001

My neighborhood streets are well lit at night 0.266

Agree 1926 2160 234.1 o0.0001

Neutral 1932 2236 303.8 o0.0001

Disagree 1954 2182 228.5 o0.0001

There is so much traffic that it makes it hard to walk in my neighborhood 0.282

Agree 1941 2193 252.1 o0.0001

Neutral 1985 2148 162.3 0.011

Disagree 1870 2145 275.0 o0.0001

I often see other girls or boys playing outdoors in my neighborhood 0.940

Agree 1943 2188 245.4 o0.0001

Neutral 1913 2142 229.4 o0.0001

Disagree 1929 2180 251.1 o0.0001

Aesthetics

There are many interesting things to look at while walking in my neighborhood 0.269

Agree 1939 2158 218.7 o0.0001

Neutral 1923 2206 283.8 o0.0001

Disagree 1940 2198 258.1 o0.0001

Physical activity facilities and destinations

There are many places I like to go within easy walking distance of my home 0.365

Agree 1923 2176 253.4 o0.0001

Neutral 1945 2135 189.3 o0.0001

Disagree 1966 2225 258.8 o0.0001

There are sidewalks on most of the streets in my neighborhood 0.594

Agree 1930 2182 251.4 o0.0001

Neutral 1890 2070 180.3 0.012

Disagree 1956 2203 246.3 o0.0001

There are bicycle or walking trails in my neighborhood 0.921

Agree 1928 2181 252.6 o0.0001

Neutral 1959 2190 230.7 o0.0001

Disagree 1939 2184 245.3 o0.0001

Ease to get to 14 activitiesc 0.918

Not easy to get to any activities 256.5

Easy to get to all 14 activities 249.0

Transportation

Get home from after-school activity at school 0.906

Not at all difficult 1929 2175 246.4 o0.0001

Somewhat difficult 1945 2205 259.6 o0.0001

Very difficult 1968 2197 228.9 0.003

Impossible 1895 2069 174.6 0.182

Get to an after-school activity not at school 0.845

Not at all difficult 1924 2176 252.7 o0.0001

Somewhat difficult 1939 2175 235.5 o0.0001

Very difficult 1955 2232 277.1 o0.0001

Impossible 1954 2163 208.6 0.061

Get home from an activity someplace else 0.868

Not at all difficult 1921 2156 235.8 o0.0001

Somewhat difficult 1948 2206 258.1 o0.0001

Very difficult 1956 2190 234.0 o0.0001

Impossible 1927 2221 294.3 0.002

a Adjusted for intervention group and baseline values of percent on free/reduced fare lunch, neighborhood socioeconomic status, and race/ethnicity.
b The global p-value (located in the same row as the question) tests whether girls’ mean change in nonschool sedentary behavior from 6th to 8th grade differed

according to their responses in the 6th grade to the statement provided. The item specific p-values test whether the slope of the change in nonschool sedentary behavior

from 6th to 8th grade is significantly different from zero in each response category. Item specific p-values were interpreted only if the global p-value was o0.10.
c Access to physial activity facilities sum score combines the total number of physical activity facilities easy to get to.
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4.2. Sedentary behavior

We found no associations between 14 separate measures on
the girl’s neighborhood and transportation with changes in
nonschool sedentary behavior. Previously, we also did not identify
any cross-sectional associations between measures of the girl’s
neighborhood and nonschool sedentary behavior (Evenson et al.,
2007), and we are not aware of other longitudinal studies with
which to compare our findings. For these middle-school girls, it
appears that the self-reported neighborhood measures we
investigated did not impact sedentary behavior; it may be that
intrapersonal and interpersonal factors may be more important
for sedentary behavior. This highlights the point that correlates
and determinants of physical activity may differ from those for
sedentary behavior. In a review among youth, the authors found
that some variables that are consistent positive correlates of
physical activity, such as self-efficacy, did not always have the
opposite association with sedentary behavior (Van Der Horst
et al., 2007). Moreover sedentary behavior and physical activity
may not be associated with each other, supporting the hypothesis
that some variables may not be correlates of both behaviors (Sallis
et al., 2000; Van Der Horst et al., 2007).

4.3. Limitations and strengths

This study is limited by several factors. While we included
diverse girls from six different states, there was loss to follow-up
and thus, loss of generalizability. Replication of results is needed.
We cannot rule out the potential of regression to the mean to
account for some of these longitudinal findings, as the largest
declines were generally observed among girls whose initial levels
of the dependent variable were highest. It is important to note
that the measure of access to physical activity facilities related to
spatial features (e.g., proximity, density) and ignored specific
features of those facilities, including aesthetics, safety, cost,
and age-appropriate offerings. Further refinement of this
simple measure might prove useful. Moreover some of the self-
reported items under study showed only moderate test–retest
reliability from our pilot work (Evenson et al., 2006). To account
for this, we collapsed some measures into fewer categories.
It is not known if the changes we found associated with nonschool
MW-MVPA may be due to concurrent changes in perceptions
of the neighborhoods. Due to the timing of the measures in
these data, to explore changes in perceptions of the neighbor-
hoods to changes in the outcome would essentially reduce the
analyses to a cross-sectional examination, so this was not
explored.

Many of the prior cross-sectional studies and all of the
prior longitudinal studies used self-reported physical activity
or sedentary measures, rather than objective measures. While
the objective measures have notable strengths, including removal
of recall bias and improved precision by focusing on nonschool
time, the derived outcomes we used (nonschool MW-MVPA
and sedentary behavior) were not specific to a type and location
of activity or behavior, which may also account for some of
our null findings. For example, it may be that rather than a focus
on an MVPA, the more relevant measures for the neighborhood
are specific to walking, bicycling, or physical activities done
outdoors. Other studies could consider the use of pedometers
(also available using accelerometry) and global positioning
system (GPS) to help further refine the physical activity outcome
measures. This approach of specificity has been advocated by
others (Giles-Corti et al., 2005). Other strengths of this study
include the diverse sample of girls and the prospective study
design.

5. Conclusion

Among adolescent girls, we found that nonschool physical
activity declined and sedentary behavior increased from the 6th
to the 8th grade. We hypothesized that declines in nonschool
physical activity and increases in nonschool sedentary behavior
would be less pronounced in girls who at baseline reported
neighborhood characteristics favorable to physical activity. Only
limited support for this hypothesis was found. Reporting that
other children play outdoors in the neighborhood was protective
against a significant decline in nonschool MW-MVPA. However,
counter to expectations, reporting that the neighborhood was
well lit at night and that there were bicycle or walking trails in the
neighborhood were each associated with significant declines in
nonschool MW-MVPA. The remaining neighborhood and trans-
portation measures were not associated with changes in non-
school MW-MVPA and none of the factors explored were
associated with changes in nonschool sedentary behavior. Further
work is needed to understand the determinants of the decline
in physical activity and the increase in sedentary behavior
among adolescent girls. In particular, it may be important to
understand differences between adolescents and adults in how
neighborhood characteristics relate to physical activity and
sedentary behavior.
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