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Abstract

Background: We examined associations among multilevel variables and girls’ physical activity
to determine whether they vary at different adolescent ages.

Methods: All field sites of the Trial of Activity for Adolescent Girls contributed participants
from 6th (n = 1576) and 8th grades (n = 3085). The Maryland site contributed an 11th grade
sample (n = 589). Questionnaires were used to obtain demographic and psychosocial information
(individual- and social-level variables); height, weight, and triceps skinfold to assess body
composition; interviews and surveys for school-level data; and geographical information systems
and self-report for neighborhood-level variables. Moderate to vigorous physical activity minutes
(MVPA) were assessed from accelerometers. Mixed models (13 individual, 5 social, 15 school, 12
neighborhood variables) were used to determine multilevel associations.

Results: Variables at individual, social, school, and neighborhood levels were associated with
MVPA, but differed across grades. Lower percent body fat, higher social support from friends, and
lower school math scores were associated with higher MVPA at 6th and 8th grade. Higher physical
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activity self-efficacy was associated with higher MVPA at 11th grade. Only lower physical activity
barriers were associated with higher MVPA at all grades.

Conclusion: MVPA is a complex behavior with fluid, multilevel correlates that differ among

girls across middle and high school.

Keywords
moderate-to-vigorous physical activity; racial/ethnic diversity; multilevel models

The importance of regular physical activity for the health of all Americans has been
established.! Unfortunately, most do not participate in sufficient physical activity. Even
youth are not meeting national recommendations.? Using accerelometry data in the National
Health and Examination Survey, Troiano et al found that only 8% of adolescents achieved
the recommendations of 60 minutes per day.2 Further, there is a precipitous decline in
physical activity throughout adolescence and boys are more physically active than girls at all
ages.3 Thus, girls are at particular risk for physical inactivity and its associated chronic
diseases that manifest, for the most part, in adulthood.

Previous studies have examined factors that may influence youth physical activity
participation.* A wide range of psychosocial®7 and social and physical environmental
factors8-10 may influence physical activity behavior. For example, adolescent physical
activity is associated with greater self-efficacy,11:12 fewer barriers,12 more social support,
814,15 greater access to recreational facilities, 16 and availability of physical activity
resources.1”:18 The literature consistently finds that factors differ for boys and girls.19-2
Patnode et al29 and Wenthe et al?2 both found that self-efficacy and peer support correlated
with physical activity in boys but not girls.

Most prior work has used analyses that fail to recognize ecologic, multilevel factors even
though it is known that physical activity is determined at multiple levels.23 Studies that
simultaneously evaluate the contextual influences of physical activity using multilevel
approaches are beginning to emerge.13:17:20.24.25.26 N studies have examined how
predictors may differ at varying ages during adolescence, although adolescence is a time of
rapid physical and social change.

In this study, we examined potential correlates of physical activity among adolescent girls at
3 distinct time points. Physical activity was measured with an objective measure, which is
considered the state of the art for physical activity assessment. Variables were selected using
a social ecological framework that acknowledges physical activity is influenced by factors
operating at intrapersonal, interpersonal, organizational, community, and policy levels.2” If
effective public health interventions and policies are to be implemented to halt physical
activity decline, it is critical to evaluate associations across multiple levels because that is
how physical activity is experienced in a girl’s life.
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Four cross-sectional samples of girls from the Trial of Activity for Adolescent Girls (TAAG)
were used. The TAAG study design?8 and trial results are published elsewhere.2® Briefly,
TAAG was a group-randomized, multisite trial designed to reduce the decline in physical
activity in middle school girls. Thirty-six schools from 6 field sites participated. Girls
randomly selected from class lists were recruited and measured in the winter/spring of 6th
grade (2003), 8th grade (2005), and 8th grade (2006). The Maryland site girls were
remeasured when they were in 11th grade (2009). Eligibility requirements were minimal:
girls had to speak and read English, participate in physical education classes, and have no
contraindications for participating in a submaximal exercise test. All participating
institutions’ Institutional Review Boards approved the study; parent permission and child
assent were obtained. Staff were trained and certified before all data collection periods.

The sampling design for this study is displayed in Figure 1. Each sampling period created a
cross-sectional sample, although there was overlap in 2003 and 2005 and between 2006 and
2009. About 30% (n = 985) of the girls measured in 2005 were also in the 6th grade sample.
In 2006, another cross-sectional sample from all 36 middle schools was created. For this
study, we only included the data from the 8th grade girls from the 6 middle schools at the
Maryland site (8th grade-MD and 11th grade-MD). We include 2 8th-grade samples to be
able to examine the comparability of Maryland samples to the broader geographically
diverse TAAG samples.

Accelerometry.—Physical activity, the dependent variable, was measured with Actigraph
accelerometers (MTI model 7164, Fort Walton Beach, FL). They were programmed to
collect data in 30-second intervals. Girls wore the monitors for 1 week on the right hip at all
times except while sleeping, bathing, or swimming.

Accelerometer data were reduced using methods TAAG investigators developed.30
Occasional missing accelerometry data were replaced using previously published imputation
methods based on the Expectation Maximization algorithm.3! For the 6th grade, 8th grade,
and 8th grade-MD samples, about 12 hours (11%) of data per girl were imputed:2° for the
11th grade-MD sample 2% of the accelerometry data were imputed. Count thresholds
(counts/30 second) were used to assign the interval to a physical activity intensity category:
sedentary (< 50), light (51-1499), moderate (1500-2600), and vigorous (> 2600). The
cutpoint of 1500 counts/30 second reflected approximately 4.6 METS, which is the
metabolic equivalent of the lower end of moderate-intensity physical activity for 8th-grade
girls.30 Using these cutpoints, accumulated daily minutes of moderate to vigorous physical
activity (MVPA) was determined.

Individual Level Factors.—Psychosocial variables were assessed from a student survey.
Physical activity self-efficacy was measured from summing an 8-item instrument developed
for 8th and 9th grade girls,32:33 with Cronbach’s alpha ranging from 0.81-0.84 and test-
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retest correlation between 0.67 to 0.69.34 Perceived physical activity barriers were assessed
from the sum of 10 items adapted from a previously published instrument,3® with an internal
consistency coefficient of 0.46.36 Participants provided 5-point Likert scale responses
ranging from never to very often to items such as “physical activity is boring,” “I don’t know
how to do the physical activity that | want to do,” and “I don’t have time to do physical
activity.” Physical activity outcome-expectancy value was measured from 9 items consisting
of belief and corresponding value statements.33:35:37.38 Each belief item was multiplied by
its value and results were summed to create a score. Cronbach’s alpha ranged from 0.92—
0.94 and the test-retest correlation was 0.58.34 Physical activity enjoyment was assessed
from 7 items taken from the 12-item Physical Activity Enjoyment Scale (PACES).3° TAAG
investigators reported internal consistency of 0.86.38 Physical education enjoyment was
assessed by asking participants to rate the sentence “I enjoy PE” on 5-point scale ranging
from “disagree a lot” to “agree a lot.” Depressive symptoms was measured from the Center
for Epidemiological Studies-Depression Scale (CES-D).40 For 11th grade, participants
completed the 8-item global esteern scale, the 6-item global physical self-concept scale, and
the 6-item bodly fat scale from the Physical Self-Description Questionnaire.#? We found
Cronbach’s alpha for the scales to be 0.85. 0.93, and 0.93, respectively.

Data collectors measured height and weight after the girls removed their shoes and heavy
clothing. Height was measured to the nearest mm using a Shorr measuring board. Body
weight was measured to the nearest 0.1 kg with a calibrated scale. Body mass index (BMI;
kg/m?2) was calculated. Triceps skinfold thickness was measured and a previously developed
equation was used to estimate percent fat.*2 Every 15th participant was duplicate measured
by a master trainer; if values differed by more than 10% staff were recertified.

Girls self-identified as non-Hispanic white, black or African American, Hispanic or Latino,
Asian/Pacific Islander, American Indian or Alaska Native, or other. Girls’ report of
participation in the subsidized school lunch program and parental education level were used
as proxies for socioeconomic status.

Social Level Factors.—Social support for physical activity was assessed using family
and peer social support scales.*3 The peer scale consisted of 3 items, with test-retest
correlation of 0.86 and internal consistency ranging from 0.74— 0.79.34 The family support
scale had 5 items, with questions including “during a typical week, how often has a member
of your household (for example, your father, mother, brother, sister, grandparent or other
relative) encouraged you to do physical activities or sports.” Two questions related to adult
supervision after school were operationalized as time spent home alone.** Two scales were
developed by TAAG investigators to assess perceived support of girls’ physical activity in
school from teachers and boys.*® The teachers’ scale consisted of 2 items and the boys’
scale included 3 items. The Cronbach’s alpha for the scales were 0.82 and 0.66 for teachers
and boys, respectively.46

A social networks instrument was administered in 11th grade, which asked the girls to
identify her 3 closest friends and respond to questions about physical activity with these
friends.#” For this study we used the question “how often are you physically active or
exercise with this friend?” Response options were never, hardly ever, 1-2 times a week, and
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more than 1-2 times/week, and coded as 0-3. The responses for the 3 friends were summed
to create a friend in social network’s physical activity score.

School Level Factors.—Study staff administered a structured interview to middle school
(n = 36) and high school (n = 9) principals. The middle school interview included 47
questions; the high school interview was shortened to 39 items. They included physical
education policies, physical activity promotions, policies that support or constrain physical
activity, transportation policies for active commuting, free play allowed before or after
school or during lunch (unstructured physical activity) opportunities, and collaborations with
community organizations that provide physical activity programs. The interview took 20-30
minutes to administer. Responses were coded as yes/no; each girl was linked to her school to
be able to report the prevalence of girls whose school had a given policy.

Information about physical activity programs was obtained through an interview. The person
responsible for scheduling school facilities recalled the programs offered during the current
school year.#8 The number of programs were summed for each school and the average
number of programs across schools was calculated.

Neighborhood Level Factors.—Neighborhoods were defined as the block groups
surrounding participants’ homes. Using ArcGIS, the girl’s home was used as a geo-reference
to determine the distance from participants’ residence to their own school, to the nearest
school, and number of parks within a 1-mile radius. Census blocks and tracts were used to
attach demographic data from the 2000 US Census within a one-half mile radius of the girls’
primary residence. Street grids were used to calculate a neighborhood street connectivity
(alpha) index within a one-half mile radius.

Perceived access to a list of 14 physical activity facilities, including basketball courts, parks,
swimming pools, tennis courts, was queried with the following question: “Is it easy to get to
and from this place from home or school?” with response options of yes, no, and don’t
know.*? Perceived access for each facility was positively associated with the number of
objectively measured facilities within a one-half mile radius of girls’ homes, with the
exception of martial arts studios and dance/gymnastics clubs.*? Five items were used to
assess perceived neighborhood safety, with queries about crime, street lighting, safety to
walk or jog, and seeing others playing in the neighborhood.3 The 5-item response options
ranged from “disagree a lot” to “agree a lot.” Test-retest kappa coefficients for each item
ranged from 0.38-0.52 among 6th and 8th grade girls.%9

Analysis.—The variables we considered to correlate with physical activity were derived
from the TAAG social ecological model, which posited that physical activity behavior
results from a mix of factors across individual, social, organizational, environmental, and
policy levels.2” There was a large pool of candidate variables available, causing 2 analytic
problems: (1) a large number of variables, which can cause model estimation instability; and
(2) correlated variables, risking multicollinearity. Thus, a subset of variables was selected
using the LASSO (least absolute shrinkage and selection operator) variable selection
technique. To select a manageable number of variables, we minimized the following
Euclidean sum of squared error, plus a LASSO penalty on the regression coefficients:
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where 1 Zf: | | b; | is the LASSO penalty, p is the number of variables in the pool, and A is

the tuning parameter, which controls the number of predictors kept in the model—the bigger
A is, the fewer variables will be selected. The dependent variable was MVPA, and
individual, social, and perceived neighborhood variables were used for LASSO variable
selection. Due to the fewer number of variables assessed at the school level, LASSO was not
employed for this level. We ran the LASSO process for each cross-sectional sample. Table 1
displays the variables selected from the LASSO process at each time point.

The final set of variables measured at the individual level and included in the multilevel
models is marked in bold (Table 1). Variables were included if they were selected from the
LASSO procedure in at least 3 of the 4 cross-sectional samples, with the following
exceptions: Race/ethnicity, sports participation, and physical activity self-efficacy were
included due to the evidence base of their association with youth physical activity; perceived
sidewalks on neighborhood streets was included because there were only 2 neighborhood
level variables selected for the 11th grade sample and we wanted sufficient opportunity for
neighborhood level variables to be represented in the models.

The school and objectively-measured neighborhood level variables to be included in
multilevel models were initially chosen based on the TAAG social ecological model and
existing literature. Pearson correlations were run among the school and neighborhood
variables, respectively, and variables with low correlation coefficients with each other were
selected.

The same set of variables was used for each of the multilevel models, with the exception of
the 11th grade model. The variables global physical score, self-esteem, and physical activity
friends in a girls’ social network were only assessed in 11th grade. The LASSO process
selected these variables, and thus, we included them.

Multilevel Modeling.—Multilevel models combining fixed-effects regression methods
(individual, social, and neighborhood level variables) and generalizing the variance
components (school level) were used to predict MVPA. Four multilevel models were fit
using SAS PROC MIXED. Covariate terms included variables at the individual, social, and
neighborhood levels, with other covariates at the school level. Although conceptually we
differentiate social and neighborhood levels, they were assessed for each girl. The girls
reported the social and perceived neighborhood variables and the G1S-derived neighborhood
variables were measured for each girl’s home address, resulting in data points for each girl.
Variables measured at the level of the girl were treated as fixed effects and those measured at
the level of the school were treated as random effects. Because there was no intervention
effect in 2005, a modest effect in 2006,22 and no differences in the variables included in our
models between intervention and control schools, the school-level treatment condition was
not included. Missing observations measured at the level of the girl were imputed by the
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Sequential Regression Imputation Method.>1 About 10% of the data were imputed in the 6th
and 8th grade datasets, with less than 1% imputed at 11th grade.

Statistical significance was set at < .05. Because of rounding errors when compiling the
tables, values displayed in the tables as 2= .05 are described as statistically significant. We
evaluated the differences in MVPA correlates by grade by reporting the significant results of
each model. The similarities of the 2 data sets of 8th-grade girls were compared using
nonpaired ftests and chi square tests.

Recruitment yielded 80% and 85% of randomly-selected girls in 6th and 8th grade.?9 At the
Maryland site, we recruited 92% of the randomly-selected girls comprising 8th grade-MD,
and additionally measured 69 girls who were not randomly selected (to avoid excluding girls
in schools with smaller class sizes). In 11th grade-MD, 81% of the girls recruited and
measured were previously measured in 8th grade-MD. The recruitment methods are reported
in Jones et al 52

The race/ethnicity composition of the samples was remarkably similar across time, with less
than 50% being white and approximately 20% African American. There were fewer
Hispanic participants in the Maryland-only samples and fewer students participating in the
free and reduced-price meal program (Table 2). Prevalence of overweight and obesity was
similar at each grade level. The average number of daily MVPA minutes was about 1 minute
lower at each time point.

Table 3 displays the descriptive information for the variables used in the multilevel models.
For the individual level variables, only outcome expectancies and sports team participation
substantively differed, with mean scores lower at 11th grade. In contrast, 3 social variables
differed. Mean scores of social support from friends and social support from family were
lower and mean hours spent alone each week was higher across each grade. Neighborhood
level variables were similar across grades, although mean scores for perceived access to
recreational facilities were higher for the high school compared with the middle school girls.

There were statistically significant differences between the 8th grade and 8th grade-MD
samples across all levels. Most of the mean differences between the 2 samples at the
individual and social levels were small (eg, less than a 1-unit difference). However, some of
the school and neighborhood variables between the 8th grade and 8th grade-MD
substantially differed. For example, 71% of the 8th grade girls’ schools had intramural sports
compared with 82% of the 8th grade-MD girls’ schools. In addition, the 8th grade sample
neighborhoods had lower population density, the girls’ homes were a further distance to
school, and more parks were close to home than the 8th grade-MD sample (Table 3).

There were considerable differences between the middle schools and high schools. For
instance, while 82% of the 8th grade-MD girls attended middle schools in which intramural
sports programs were available, only 42% of 11th grade-MD had intramural sports at their
high schools (Table 3). Unstructured physical activity opportunities before school were
available for about one-half of the girls during the middle school, but only 4% of the girls
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when in high school. In contrast, the number of physical activity programs in the schools
was almost double in the high schools compared with the middle schools.

Table 4 displays the results of the multilevel analysis. At all time points, correlates in all
levels reached statistical significance, although the variables were different. The only
variable that was statistically significant at the 6th, 8th, 8th-MD, and 11th grades was
physical activity barriers, an individual level variable. A higher barrier score, indicating
more barriers, was associated with less MVVPA. Higher percent fat was inversely associated
with MVPA only in 6th and 8th grade. Greater enjoyment of physical activity at 6th and 11th
grade-MD was associated with fewer MVPA minutes. Self-efficacy was associated with
MVPA only in the 11th grade-MD.

At the social level, friend social support was a significant correlate at 6th and 8th grades.
Positive support from boys was associated with MVPA in the 11th grade-MD, and physical
activity within the participants’ friendship network had a positive trend (P=.09). The
greater amount of average time spent home alone was associated with more MVPA in 8th
grade and 8th grade-MD.

School-level socioeconomic status, school academic performance, and school policies were
associated with MVPA (Table 4). In the 6th and 8th grade-MD the greater proportion of
students achieving state mathematics performance levels, the lower the MVPA. Positive
school policies, such as intramural programs (11th grade-MD) and improving the school
grounds (8th grade-MD) was associated with higher MVPA. The ability to use school
grounds for unstructured free play during school was significantly associated with 6th and
8th grade MVPA.

The neighborhood environment was associated with MVPA in all samples. Greater perceived
access to physical activity facilities was associated with higher MVPA in 6th grade. Fewer
sidewalks was associated with greater MVVPA in 11th grade-MD. Greater perception of
neighborhood safety correlated with more MVPA in 8th grade and 8th grade-MD, with a
trend in 11th grade-MD (P =.08). Shorter distance to the participant’s school was associated
with greater MVVPA in 6th grade only, whereas greater distance to any school was associated
with less MVPA in 11th grade-MD. The number of parks within a 1-mile distance from a
participant’s home positively correlated with MVPA in 8th grade.

Discussion

Using a social ecological model to identify multilevel variable candidates of physical
activity among adolescent girls in 3 grade levels, we found correlates at individual, social,
school, and neighborhood levels across grades, although the specific variables were different
for each grade. Only the physical activity barriers score was consistently negatively
associated with MVPA minutes in 6th grade, 8th grade, 8th grade-MD, and 11th grade-MD.
To our knowledge, we are the first to include potential correlates measured at the school and
neighborhood levels. This is breaking new ground by reporting that variables associated with
MVPA are different during different phases of adolescence. The results demonstrate that it is
important to consider both the context in which physical activity occurs and the age of the
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adolescent when investigating correlates of physical activity behavior. This information may
also be useful to planning interventions for adolescent girls. For example, while physical
activity barriers should be addressed at all adolescent ages, interventions may want to
consider strategies to increase self-efficacy only with older adolescent girls.

Other investigators have found barriers to be associated with physical activity among
adolescents, even after adjusting for other psychosocial variables.13:20.25 Patnode and
colleagues found barriers to be marginally associated with objectively-measured physical
activity among girls in a hierarchical model that included demographic, individual, and
neighborhood variables.2 No previous studies demonstrated this association at different
time points during adolescence.

Physical activity self-efficacy, when evaluated in a multilevel context, was not associated
with MVPA until the 11th grade. Although self-efficacy is typically considered a strong
predictor of physical activity, this assumption may not hold up in adolescent populations. A
review of physical activity correlates of children and adolescents conducted by Sallis and
colleagues showed that only 7 of 13 studies found a positive association between self-
efficacy and physical activity.>3 In multilevel studies, Heitzler et al'3 and Patnode et al2®
reported that self-efficacy was not associated with physical activity among adolescents. For
younger adolescent girls, perhaps self-efficacy is not as important for supporting physical
activity as other individual, social, and neighborhood factors. It may become a more
important contribution in later adolescence and into adulthood when individuals have more
control over planning their physical activity participation. In addition, self-efficacy, as well
as other variables, may interact with social, school, and neighborhood variables in unique
ways that we did not explore.

Although friend social support was associated with MVPA at 6th and 8th grades, family
social support was not at any grade level. The Sallis et al review indicated parent support,
along with support from others, was associated with physical activity among adolescents.>3
More recent work by Wenthe et al?1 and Trost et al® also found family support to be
associated with MVPA in boys and girls, although Heitzler and colleagues did not.23 It is
possible that unmeasured confounders, such as those at the school or neighborhood levels, in
the prior work explained their associations. Further, our results suggest a trend for social
variables to be different at different ages; for example, the positive support for physical
activity from boys scale was associated with physical activity only in 11th grade-MD while
time spent home alone was associated in 8th grade and 8th grade-MD. Although interest in
the opposite sex develops throughout adolescence, the older adolescent girls are likely to be
more cognizant of positive cues from boys than the younger girls. The differences we found
may not be detected when samples are constituted from a combination of age ranges across
adolescence.

We cannot explain why, after controlling for all other variables in the model, attending a
math proficient middle school was associated with lower MVPA. Contrasting with our
results, evidence is emerging that suggests physical activity participation is associated with
higher academic performance in youth.54-56 However, most studies examined student-level
achievement rather than school-level achievement, as we did. We speculate that high-
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achieving schools may place a greater emphasis on academic requirements, taking
precedence over other school subject requirements or noncurricular activities, and this
emphasis may subtly influence the activity levels of their students.

We found that perceived and objective access or supportive infrastructure (eg, parks,
schools) correlated with MVPA, although neighborhood sociodemographics or street
connectivity did not. From a literature review, Ding and colleagues found the neighborhood
features of land-use mix and residential density were most consistently associated with
physical activity among adolescents.>” They concluded that the evidence is growing to
support policies to improve mixed land use, access to recreational facilities, schools, and
parks, and pedestrian-friendly streets. Our results indicating associations for perceived
access to facilities, perceived neighborhood safety, distance to schools, and number of parks
surrounding one’s residence support Ding et al’s conclusions.

The association between perceived and objective access to physical activity infrastructure
and MVPA differed by age group. For the 6th grade girls, greater perceived access to
recreational facilities and shorter distance from home to school was associated with MVPA.
The younger girls may only perceive easy access for the facilities in which they use. We
previously reported that girls living closer to their school were more likely to travel by
walking before and after school, and that this type of travel was associated with greater
MVPA in 6th and 8th grade TAAG girls.>8> This may explain why distance to school was
correlated with MVVPA in 6th grade. However, in 8th grade fewer girls reported travel by
walking before school, which may be why the associations did not remain significant.
However, the 8th grade girls reported more travel by walking after school, perhaps reflecting
more autonomy for older girls to walk in their neighborhoods rather than directly walking
home from school. This autonomy can expand their perceptions of aspects of their
neighborhood, which may explain the association between perceived neighborhood safety
and MVPA in 8th and 11th grades, but not 6th grade.

The study has strengths and limitations. The samples had race/ethnic diversity and there was
geographic diversity in the 6th and 8th grade samples. The participant sample size was
sufficient to examine correlates at 3 distinctive grade levels. The multilevel variables were
chosen based on a theoretically-derived ecological model. Physical activity was assessed
using an objective measure. Limitations include the cross-sectional study design, which
precludes making assumptions about causality. We cannot exclude the possibility that our
results were due to innate differences in the samples. However, the similarities of the results
in the 8th grade and 8th grade-MD samples minimize the likelihood of this limitation. The
study was conducted between 2003 and 2009 and environmental changes during this time
period, rather than differing developmental periods, may explain our results. However, (1)
the results are largely consistent with the literature and (2) there were cohorts imbedded in
the cross-sectional samples, minimizing this possibility. Because the 11th grade sample was
limited to Maryland, there may have been insufficient local variations in the school and
neighborhood level variables. Some of the objective neighborhood variables were assessed
from 2000 US Census data, although the study took place in 2003-2009. Although not
likely, neighborhood demographics may have changed. We only examined main effects in
our multilevel models. The social ecological model posits that variables interact to influence
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behavior. Because of the size of our models and the complexity of this study, we did not
include interaction terms in models. Finally, while our samples are diverse, our results
cannot be generalized to the US population.

In conclusion, our findings suggest that associations with physical activity occur across the
individual, social, school, and neighborhood levels and differ at 6th, 8th, and 11th grades. To
achieve behavior change among adolescent girls, intervention planners must not only
consider psychosocial variables, but also the school and neighborhood contexts in which
they live. They also must recognize that factors will differ across the adolescent
developmental periods.
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Sampling design for study participants.
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