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Objective: To identify physical activity opportunities
linked to fitness and weight status among adolescents in
low-income communities.

Design, Setting, and Participants: Cross-
sectional, ecological analysis of 9268 seventh- and ninth-
grade students in 19 public schools participating in The
California Endowment’s Healthy Eating Active Commu-
nities program.

Main Outcome Measures: Cardiorespiratory fitness
(mile time) and body mass index. Independent vari-
ables included students’ perceptions and behaviors re-
lated to daily physical activity opportunities, assessed via
anonymous survey. Ecological analysis was used to link
survey data with fitness and body mass index data within
each school. Linear regression identified associations be-
tween youths’ perceptions/behaviors and fitness/body mass
index.

Results: As the proportion of students reporting enjoy-
ing physical education, walking to school, and spend-

ing 20 minutes or longer in exercise during physical edu-
cation increased from 0% to 100%, mile time decreased
overall (−2.7 minutes; P=.03), mile time decreased among
seventh graders (−3.3 minutes; P=.02), and body mass
index z scores decreased among ninth graders (−0.7;
P=.045), respectively. Each additional day students re-
ported being active on school grounds outside school
hours was associated with decreased mile time (−0.5
minute; P=.02). Active transport to school was associ-
ated with poorer weight status and greater odds of pur-
chasing food while in transit (odds ratio=1.5; P� .001).

Conclusions: Physical education is a valuable policy op-
portunity to improve student health. Promoting active
transport may improve fitness but must be done in con-
junction with community partnerships to improve the
food environment in the vicinity of schools. Promoting
the use of school grounds outside school hours (such as
after-school programs) should also be prioritized in re-
sponse to youth obesity.
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T HE DRAMATIC RISE IN OBE-
sity in the United States over
just 3 decades implicates en-
vironmental changes that
contribute to positive en-

ergy balance. Of particular concern is the
disproportionate effect on youth living in
disadvantaged areas who are at high risk for
physical inactivity, obesity, and cardiovas-
cular disease and mortality.1,2

Policies aimed at supporting environ-
mental change in low-income communi-
ties will be critical to reverse trends in obe-
sity,3 but it is unclear where to focus efforts
to achieve the greatest initial effect. Ad-
ditionally, school leaders refining their
newly mandated wellness policies4 need
evidence as to the factors most strongly as-
sociated with student health. To appro-
priately target resources and interven-
tion efforts, it is important to identify the
environmental factors most strongly im-
plicated in child health.

Physical activity and fitness are strong
predictors of cardiovascular risk among
youth and adults, independent of weight
status.5,6 Despite the known benefits of
physical activity, activity declines through
adolescence7 and is consistently lower
among low-income youth.8,9 Environmen-
tal interventions to address disparities in
physical activity are critical to prevent fur-
ther disparities in cardiovascular morbid-
ity. We therefore sought to identify those
physical activity opportunities most
strongly associated with student health
(cardiorespiratory fitness and weight sta-
tus) among adolescents in low-income
communities and to determine whether as-
sociations are different in middle and high
schools. The California Endowment’s
Healthy Eating Active Communities pro-
gram provided a unique opportunity to ex-
amine this relationship among diverse
seventh- and ninth-grade students.
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METHODS

HEALTHY EATING ACTIVE COMMUNITIES

Healthy Eating Active Communities is a multiyear program
of The California Endowment to help communities trans-
form nutrition and physical activity environments to
promote healthy eating and active living (http://www
.healthyeatingactivecommunities.org). Six geographically di-
verse, low-income communities throughout California were
funded to make changes in a variety of sectors: schools, neigh-
borhoods, after-school programs, health care, and media or mar-
keting environments.

This article focuses on data (a survey assessing students’ at-
titudes, behaviors, and perceptions related to their physical ac-
tivity and nutrition environments, and a battery of fitness
assessments conducted as part of the state-mandated
Fitnessgram10) collected from students at 19 schools.

PARTICIPANTS

Participants were seventh-grade students from 9 middle schools,
ninth-grade students from 9 high schools, and seventh- and
ninth-grade students from 1 combined school. The 19 public
schools represented a diverse mix of races/ethnicities. While
Healthy Eating Active Communities interventions at the school
level are districtwide, participating schools were selected based
on involvement in intervention strategies in the 6 Healthy Eat-
ing Active Communities communities. Data from 3 compari-
son schools matched on participation in free or reduced-price
lunch, ethnic profile of students, geographic area (urban or ru-
ral, northern or southern California), and school size are in-
cluded. Based on classifications from US Census Bureau data,
7 schools were in large urban communities (population
�250 000), 8 in midsized urban communities (population
�250 000), and 4 in urban fringe (territory in metropolitan sta-
tistical area) or small towns (outside metropolitan statistical
area, population �25 000). The proportion of students at each
school who were eligible for free or reduced-price lunch was
obtained from the California Department of Education Dataquest
Web site (http://data1.cde.ca.gov/dataquest).

This study was approved by the Committee for the Protec-
tion of Human Subjects, University of California, Berkeley.

SURVEY METHODS

Survey questions were adapted whenever possible from exist-
ing instruments designed to measure similar concepts.11,12 The
initial survey was modified after pilot testing with middle
school students for language and concept comprehension and
time required to complete the survey. The final instrument
consisted of 40 items (total of 138 subitems) in multiple
choice and Likert-scale format and was available in English
and Spanish languages.

Surveys were administered by trained research staff using a
standardized protocol on a weekday other than Monday. Based
on school preference, surveys were administered during physi-
cal education (PE) classes in 13 schools and during home-
room, language arts, English, or computer class in 6 other
schools. At schools with more than 400 students enrolled in a
grade, classes were randomly selected to complete the survey
(sample ranged from 259-397 students). Parents received a let-
ter prior to survey administration explaining the purpose of the
survey and provided passive consent in all cases.

Overall, 2564 seventh-grade students (50% female) and 2793
ninth-grade students (49% female) completed the survey anony-
mously (200 students completed the survey in Spanish). Stu-

dents were told that participation was voluntary; fewer than
0.5% of students refused. Students reported their sex and grade
and indicated their race/ethnicity by selecting 1 or more of the
following categories: Asian, American Indian/Alaska native, Ha-
waiian/Pacific Islander, African American, Hispanic/Latino,
white, or other. In analyses, students were considered His-
panic if they selected Hispanic alone or in combination with
other race categories. Students were classified as being of mixed
race if they reported more than 1 non-Hispanic race.

SURVEY QUESTIONS RELATED
TO PHYSICAL ACTIVITY

This study focuses on youths’ routine opportunities for physi-
cal activity. Students reported on their mode of transportation
to school (day of survey) and from school (day prior to sur-
vey) and PE enrollment (none, part of the year, or all year).
Students taking PE responded to a 4-point Likert scale assess-
ing enjoyment of PE (“I don’t like PE at all” to “I like PE a lot”)
and estimated the number of minutes spent exercising or mov-
ing around during PE class: 0 to 10 minutes, 10 to 20 minutes,
20 to 30 minutes, or more than 30 minutes. Seven separate items
assessed the number of days in the prior week on which youths
used outdoor facilities (park, skate park, sports field, or ball
court), indoor facilities (recreational or youth center, indoor
skate park, or ball court), bike or jog paths, and schools and
did physical activity in their neighborhood, on sports teams,
and in classes.

Among other nutrition-related questions, students indi-
cated whether they bought food from snack carts or trucks, fast
food restaurants, or stores on their way to or from school.

FITNESS AND BODY MASS INDEX DATA

Mile times, height, and weight were assessed as part of the Fit-
nessgram, a battery of field tests assessing student fitness.10

The California Department of Education requires that all
fifth-, seventh-, and ninth-grade students participate in Fit-
nessgram assessments each year. Trained administrators at
each school conducted the Fitnessgram according to the
directions in the Fitnessgram manual.10 The researchers pro-
vided additional documentation on proper administration, the
PE-AIM-101 Portable Stadiometer (Perspective Enterprises,
Inc, Portage, Michigan) to measure height, and the Digital
Healthcare Scale (Tanita, Tokyo, Japan). Height was measured
to the nearest inch and weight was recorded to the nearest
pound with students wearing indoor clothes and no shoes.
Cardiorespiratory fitness was assessed with the 1-mile run in
99% of students (1% completed the walk test). Teachers were
to allow practice pacing prior to completing the mile run and
to instruct students to complete the distance as quickly as
possible, even if they needed to walk. Times were recorded in
minutes and seconds. We assume that faster mile times are a
proxy for greater cardiorespiratory fitness. The California
Department of Education provided data on 9268 students:
anonymous height and weight data were provided for 3463
seventh-grade students (50% female) and 4345 ninth-grade
students (49% female), and mile times were provided for
3857 seventh-grade students (49% female) and 4958 ninth-
grade students (48% female), along with age and race/
ethnicity (parents indicated their child’s race/ethnicity from a
list of possible choices during school registration). Body mass
index (BMI [calculated as weight in kilograms divided by
height in meters squared]) z scores were calculated according
to the Centers for Disease Control and Prevention guidelines
using growth reference data from 2000.13
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DATA ANALYSIS

To link anonymous student survey data to Fitnessgram re-
sults, we used an ecological approach that involved aggregat-
ing survey response data and Fitnessgram measures for each
group of students of the same grade, sex, and ethnicity within
each school (Figure 1). Aggregate mile times and BMI z scores
for each group could thereby be linked to aggregate survey re-
sponse scores for the identical group. Within groups, means
summarized mile times, BMI z scores, and survey items assess-
ing the number of days per week students engaged in various
activities. The proportion of students responding yes summa-
rized yes or no items (active transport to school, being ex-
cused from PE for sports or for other reasons, taking PE all year,
and purchasing food from specific locations on the way to or
from school), and the proportion responding always or often
(ie, the 2 highest responses from a 4-point response scale) sum-
marized questions regarding access to facilities for physical ac-
tivity. Similarly, the proportion of students reporting at least
20 minutes spent exercising or moving around during PE and
the proportion enjoying PE a lot or a little (vs not enjoying)
were calculated for each group.

Calculations were performed within Stata statistical soft-
ware version 9.2 (StataCorp LP, College Station, Texas). We
used linear regression, taking clustering by school into ac-
count (cluster option in Stata), to examine the relationship be-
tween mile times (or BMI z scores) and survey items. Analyses
were frequency weighted by the number of students in each
group with at least 1 Fitnessgram assessment. (All seventh- and
ninth-grade students are expected to undergo the Fitnessgram
assessment; surveys, when not administered to all students in

a school, were intentionally administered to capture a repre-
sentative sample.) Regression analyses included grade, sex, and
a grade�sex interaction term to account for the expected and
potential differences in mile times and BMI z scores by grade
and sex and by sex within grade. To account for contextual fac-
tors (environmental characteristics common to students), the
proportion of students eligible for free or reduced-price lunch
(a proxy for neighborhood socioeconomic status) and the com-
munity’s urbanization level (treated as a categorical variable)
were included in an adjusted model. Finally, we examined in-
teraction terms in all of the models to determine whether grade
(ie, middle vs high school) modified the association between
the survey and Fitnessgram items being examined; stratified
models were created if interaction was suggested (P� .20 for
the interaction term). To better understand group-level rela-
tionships that emerged from primary analyses, we calculated
odds ratios at the individual level for the relationship between
active transport and purchasing food from food carts on the
way to or from school.

RESULTS

Table 1 shows student demographics and average scores
for Fitnessgram data. Almost half of the youth in these
low-income communities were overweight or obese (BMI
�85th percentile for age and sex), and more than half
did not meet recommended fitness standards. Table 2
summarizes survey responses.

ASSOCIATIONS BETWEEN OPPORTUNITIES
FOR PHYSICAL ACTIVITY AND FITNESS

Use of bike or jog paths was significantly associated with
greater cardiorespiratory fitness (lower mile times)
(P=.02), while availability of indoor facilities was sig-
nificantly associated with poorer fitness (higher mile
times) (P=.03). Adjusting for contextual factors dimin-
ished the association between the use of bike or jog paths
and fitness and completely attenuated the relationship
with indoor facilities (Table 3). Enjoying PE and using
school grounds outside school hours were significantly
associated with greater fitness (P=.03 and P=.02, respec-

Seventh Grade Ninth Grade

Asian girls
n = 7 groups
(range, 1-62)

Asian boys
n = 7 groups
(range, 1-62)

Asian girls
n = 7 groups

(range, 1-105)

Asian boys
n = 7 groups

(range, 1-109)

American 
Indian girls
n = 6 groups
(range, 1-6)

Hawaiian/ 
Pacific

Islander girls
n = 5 groups
(range, 1-3)

African 
American girls
n = 9 groups
(range, 1-91)

Latina girls
n = 10 groups
(range, 5-267)

White girls
n = 9 groups
(range, 1-68)

Mixed/
other girls

n = 7 groups
(range, 1-15)

American
Indian boys
n = 3 groups
(range, 1-3)

Hawaiian/
Pacific

Islander boys
n = 4 groups
(range, 1-2)

African 
American boys

n = 7 groups
(range,  2-92)

Latino boys
n = 10 groups

(range, 10-284)

White boys
n = 5 groups

(range, 1-102)

Mixed/
other boys

n = 8 groups
(range, 1-17)

American
Indian girls
n = 5 groups
(range, 1-8)

Hawaiian/
Pacific

Islander girls
n = 4 groups
(range, 1-3)

African 
American girls
n = 8 groups
(range, 1-80)

Latina girls
n = 9 groups

(range, 4-417)

White girls
n = 7 groups

(range, 1-162)

Mixed/
other girls

n = 7 groups
(range, 2-22)

American 
Indian boys
n = 5 groups
(range, 1-8)

Hawaiian/
Pacific

Islander boys
n = 3 groups
(range, 2-7)

African 
American boys

n = 9 groups
(range, 1-79)

Latino boys
n = 9 groups

(range, 14-505)

White boys
n = 9 groups

(range, 1-150)

Mixed/
other boys

n = 8 groups
(range, 1-22)

Figure 1. Groups for which data were aggregated. Within each school,
subjects were grouped by grade, race/ethnicity, and sex; not all schools had
students of every race/ethnicity. Range indicates the minimum and
maximum numbers of subjects across groups.

Table 1. Student Characteristics From Fitnessgram Data

Characteristic
No. (%) or
Mean±SD

Range Across
Schools, %

Race/ethnicity
African American 743 (8) 0-31
Asian 459 (5) 0-51
Latino 6763 (73) 10-99
White 1003 (11) 0-79
Other 300 (3) 0-12

Female 4526 (49) 43-54
BMI z score (n=7808) 0.8±1.0 0.4-1.2a

Students with BMI �85th percentile 3389 (43) 25-60
Mile time, min (n=8815) 11.1±2.3 8.8-13.7b

Students meeting
recommended mile time

4241 (48) 21-89

Abbreviation: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared).

aValues are expressed as the range of BMI z scores across schools.
bValues are expressed as the range of mile times across schools.
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tively), and walking to school showed a trend toward
greater fitness in the adjusted model (P=.07).

Including a grade interaction term demonstrated stron-
ger associations with fitness for seventh graders than for
ninth graders. Table 4 includes variables for which sig-
nificant associations (P� .05) arose in analyses strati-
fied by grade. Figure 2 demonstrates that going from
50% to 100% of students reporting that they enjoyed PE
was associated with a mean mile time improvement of
2.5 minutes for seventh graders (P=.02) and about a half-
minute improvement for ninth graders (P=.45). Each
mean additional day that groups of seventh graders re-
ported using school grounds outside school hours was
associated with a 1-minute decrease in mile time (Table 4).
In the contextual model, mile times were faster by 3 min-
utes going from 0% to 100% of students walking to school
and by almost 6 minutes going from 0% to 100% of stu-
dents taking PE all year (Table 4). Most relationships went
in similar directions for ninth graders but did not ap-
proach statistical significance.

ASSOCIATIONS BETWEEN OPPORTUNITIES
FOR PHYSICAL ACTIVITY AND BMI z SCORES

Overall, relationships between weight status and survey
responses were contrary to expectations. Student
groups reporting higher rates of active transport (to or
from school) had higher average BMI z scores. Analyses
at the individual level (survey data only) demonstrated
that active commuters were significantly more likely to
purchase food on their way to or from school than were
passive commuters (odds ratio=1.5; 95% confidence
interval, 1.3-1.8). Relationships between active trans-
port and BMI z score were no longer significant in mod-

els adjusted for the purchase of food from snack carts
while in transit.

Students reporting at least 20 minutes of exercise dur-
ing PE tended to have lower BMI z scores (P=.13), with
apparent interaction by grade. For ninth graders, going
from 38% to 80% of students reporting at least 20 min-
utes of physical activity during PE (the range across
schools) was significantly associated with a BMI z score
that was 0.3 unit smaller (P=.045) (Table 4), with a trend
toward the same association in the contextual model. For
a 14-year-old boy of average height with the average BMI
z score for this population (0.8), a 0.3-unit change in BMI
z score is equivalent to a BMI change of about 1.

Adjusting for socioeconomic status and urbanization
level, student groups reporting more days per week of
sports team participation had higher BMI z scores (P=.03).

COMMENT

The California Endowment’s Healthy Eating Active Com-
munities program aims to support environmental changes
to prevent child (and adult) obesity and prevent future
cardiovascular morbidity. This investigation focused on
youths’ opportunities for physical activity as areas for po-
tential intervention. Given the high prevalence of obe-
sity and low levels of fitness seen in this study, youths
in these communities are at great risk for future cardio-
vascular morbidity and mortality. A major strength of this
study is the use of objective measures of weight status
and fitness in conjunction with youths’ perceptions of
all major opportunities for physical activity in low-
income communities. Perceptions, although subject to
reporting bias, reflect what youths experience as their re-

Table 2. Survey Data

Survey Item
All Students

(n=5357)

Grade

Seventh
(n=2564)

Ninth
(n=2793)

School-related PA, proportion reporting yes (range across schools), %
Active transport to schoola 29 (6-58) 33 (15-58) 25 (6-38)
Active transport from schoola 46 (15-78) 51 (23-78) 41 (15-67)
Full-year PE participationa 84 (60-99) 92 (78-99) 77 (60-89)
Enjoy PE 82 (71-92) 82 (74-94) 83 (71-90)
�20 min of PA in PEa 57 (38-80) 53 (38-80) 62 (51-80)

Availability, proportion reporting always or often (range across schools), %
Outdoor facilitiesa 57 (46-70) 59 (48-70) 56 (46-68)
Indoor facilitiesa 38 (20-54) 40 (20-53) 36 (24-54)
Facilities students enjoya 41 (28-50) 43 (31-50) 38 (28-49)

Use, mean±SD (range across schools), d/wk
Outdoor facilitiesa 1.9±2.0 (1.4-2.7) 2.1±2.1 (1.4-2.7) 1.8±2.0 (1.6-2.1)
Indoor facilitiesa 1.1±1.8 (0.9-1.4) 1.2±1.8 (0.9-1.7) 1.1±1.7 (0.9-1.2)
Bike or jog patha 1.9±2.1 (1.5-2.2) 2.0±2.1 (1.5-2.2) 1.8±2.1 (1.4-2.1)
Streets or yards for PAa 2.1±2.2 (1.4-3.2) 2.3±2.3 (1.6-3.2) 2.0±2.2 (1.4-2.5)
PA classes outside school 0.9±1.7 (0.6-1.2) 0.9±1.7 (0.7-1.4) 0.9±1.7 (0.6-1.2)
Sports team participationa 1.4±2.1 (0.8-1.9) 1.6±2.2 (0.9-1.9) 1.2±2.1 (0.8-1.6)
PA on school grounds not during school hoursa 1.4±2.0 (0.9-1.8) 1.4±2.0 (1.3-1.7) 1.3±2.0 (0.9-1.8)

Bought food from snack cart on way to or from school, proportion
reporting yes (range across schools), %

12 (2-26) 14 (5-26) 10 (2-20)

Abbreviations: PA, physical activity; PE, physical education.
aProportions or means between seventh- and ninth-grade students are statistically different (P� .05 by �2 or t test, respectively).
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ality and can take into account practical issues (eg, bar-
riers related to access) that objective measures might not.
Additionally, perceptions can be more closely linked to
youths’ behaviors than external measures.9

Among these at-risk adolescents, PE stands out as the
highest-impact area. All facets of PE—exposure, inten-

sity, enjoyability—positively affected students’ health. These
findings contribute to a growing body of literature iden-
tifying the importance of PE in increasing physical activ-
ity14,15 and fitness.16-18 Although there is currently less evi-
dence to link PE and weight status,14 we demonstrate an
association between more time spent exercising during PE

Table 3. Adjusted Associations Between Physical Activity Opportunities and Mile Time or Body Mass Index z Score

Survey Item

� (95% CI)a

Mile Time, min BMI z Score

Simple Model
Model With

Contextual Factors Simple Model
Model With

Contextual Factors

School-related PA, % reporting yes
Active transport to school −2.4 (−5.7 to 0.9)b −2.0 (−4.2 to 0.2)b 0.7 (0.3 to 1.1)b 0.4 (0.0 to 0.8)b

Active transport from school −1.4 (−3.9 to 1.2) −0.8 (−2.6 to 0.9) 0.5 (0.2 to 0.8) 0.3 (0.1 to 0.6)
Full-year PE participation −1.0 (−3.0 to 1.0)b −0.5 (−2.5 to 1.6)b 0.2 (−0.3 to 0.7) 0.2 (−0.2 to 0.6)
Enjoy PE −3.4 (−7.6 to 0.9)b −2.7 (−5.0 to −0.3)b 0.4 (−0.2 to 1.0) 0.3 (−0.2 to 0.8)
�20 min of PA in PE 0.4 (−2.9 to 3.7) −0.6 (−3.0 to 1.7) −0.3 (−0.8 to 0.1)b −0.3 (−0.7 to 0.2)

Availability, % reporting always or often
Outdoor facilities 0.8 (−1.7 to 3.3) −1.1 (−3.1 to 1.0) 0.3 (−0.3 to 0.9) 0.3 (−0.0 to 0.7)
Indoor facilities 2.8 (0.4 to 5.3) 0.1 (−2.0 to 2.2)b 0.5 (0.0 to 0.9) 0.2 (−0.1 to 0.5)
Facilities students enjoy 0.7 (−2.1 to 3.4) −0.6 (−2.7 to 1.6) −0.0 (−0.7 to 0.7) 0.2 (−0.2 to 0.5)

Use, d/wk
Outdoor facilities −0.1 (−0.6 to 0.5) −0.2 (−0.7 to 0.3) −0.0 (−0.2 to 0.1) 0.0 (−0.1 to 0.1)
Indoor facilities −0.2 (−0.9 to 0.6) −0.2 (−0.8 to 0.3) 0.0 (−0.1 to 0.2) 0.0 (−0.1 to 0.2)
Bike or jog path −0.8 (−1.4 to −0.2)b −0.5 (−1.2 to 0.3)b −0.0 (−0.2 to 0.2) 0.0 (−0.1 to 0.2)
Streets or yards for PA 0.2 (−0.3 to 0.8) 0.1 (−0.2 to 0.4) 0.0 (−0.2 to 0.2) 0.1 (−0.1 to 0.2)
PA classes outside school 0.1 (−0.6 to 0.7) −0.2 (−0.7 to 0.4) 0.1 (−0.1 to 0.2) 0.1 (−0.0 to 0.2)
Sports team participation 0.0 (−0.6 to 0.7) −0.3 (−0.8 to 0.2) 0.1 (−0.1 to 0.3) 0.1 (0.0 to 0.3)
PA on school grounds

not during school hours
−0.3 (−0.7 to 0.1)b −0.5 (−1.0 to −0.1)b −0.1 (−0.2 to 0.1) −0.0 (−0.1 to 0.1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; PA, physical activity;
PE, physical education.

aNegative � values imply that higher survey scores (or more yes answers) were associated with a faster mile time (better fitness) or lower BMI z score (better
weight status). All models are adjusted for grade, sex, and a grade�sex interaction term, take clustering by school into account, and are frequency weighted by
Fitnessgram counts in each group. Contextual models are also adjusted for the proportion of students eligible for free or reduced-price lunch and urbanization
level.

b Interaction by grade is suggested (P� .20).

Table 4. Associations With Physical Activity Opportunities by Grade

Survey Item

� (95% CI)a

Seventh Grade Ninth Grade

Simple Model
Model With

Contextual Factors Simple Model
Model With

Contextual Factors

Mile time, min
School-related PA, % reporting yes

Active transport to school −4.6 (−9.4 to 0.2) −3.3 (−5.9 to −0.7) −0.4 (−3.2 to 2.4) −0.6 (−2.9 to 1.7)
Full-year PE participation −5.4 (−10.9 to 0.0) −5.7 (−10.8 to −0.6) −0.3 (−2.7 to 2.1) −0.2 (−2.0 to 1.6)
Enjoy PE −8.6 (−16.3 to −0.9) −5.0 (−9.2 to −0.9) 0.1 (−3.8 to 4.1) −0.7 (−2.8 to 1.4)

Use of facilities, d/wk
PA on school grounds not during school hours −1.1 (−1.9 to −0.3) −1.0 (−1.8 to −0.2) −0.1 (−0.7 to 0.4) −0.1 (−0.6 to 0.3)

BMI z score
School-related PA, % reporting yes

Active transport to school 0.3 (−0.5 to 1.2) −0.0 (−0.9 to 0.9) 0.9 (0.5 to 1.4) 0.5 (0.0 to 0.9)
�20 min of PA in PE −0.1 (−0.8 to 0.5) −0.1 (−0.6 to 0.5) −0.7 (−1.4 to −0.0) −0.5 (−1.2 to 0.2)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; PA, physical activity;
PE, physical education.

aNegative � values imply that higher survey scores (or more yes answers) were associated with a faster mile time (better fitness) or lower BMI z score (better
weight status). All models are adjusted for sex, take clustering by school into account, and are frequency weighted by Fitnessgram counts in each group.
Contextual models are also adjusted for the proportion of students eligible for free or reduced-price lunch and urbanization level.
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and better weight status among ninth-grade students. The
cross-sectional nature of this study prevents us from draw-
ing causal inferences; however, 2 recent longitudinal stud-
ies16,17 among elementary school children support the hy-
pothesis that greater exposure to PE predicts lower BMI.
Further, we extend findings to date by focusing on youths
at greatest risk for future cardiovascular disease and by ex-
amining PE within the framework of all youths’ major op-
portunities for physical activity.

While California legislation mandates that all seventh-
andninth-gradestudents takePE,we foundsignificantvaria-
tion in PE participation in this study, and up to 40% of stu-
dents in some schools reported not taking a full year of PE.
Further, while binding PE requirements are associated with
greater physical activity during PE,19 nearly half of the stu-
dents reported less than 20 minutes of moderate activity
during PE. Although PE is clearly an important area for fur-
ther intervention, schools must have financial support for
it, governing bodies must demonstrate commitment to it,
and policies surrounding it must have teeth. An example
of such a policy is a proposed (and much-debated) man-
date requiring that students pass a physical fitness test to
graduate from high school in California.

Although requiring a certain level of fitness prior to
graduation translates readily into a policy with teeth, it
does not address making PE enjoyable; our findings sug-
gest that groups of students who report higher enjoy-
ment of PE have higher overall levels of fitness. Greater
enjoyment may reflect higher-quality PE instruction that
results in students putting forth greater effort. While stu-
dents who enjoy PE might simply be those who are more

athletic to begin with, our data do not support this phe-
nomenon as enjoying PE tended to be associated with
slightly higher BMI z scores. Thus, it is unlikely that ath-
letic students drive the relationship between enjoyment
and fitness. Similar to these findings, a recent study20 dem-
onstrated that overweight high school students were just
as active during PE as nonoverweight students. Further
investigation identifying factors associated with enjoy-
ment (eg, instructor’s training and experience, equip-
ment and facility availability) will be necessary to trans-
late this association into action.

While student groups reporting higher rates of active
transport to and from school showed a trend toward bet-
ter mile times, they also had significantly higher BMI z
scores. Active commuters may live very short distances
from school (shorter distance to school has repeatedly
been linked to active commuting21-23) such that the physi-
cal activity involved is minimal. Students being driven
to school may come from higher-income families. It is
also possible that those walking to or from school con-
sume more calories because they purchase foods during
their commute. We found that a significantly higher pro-
portion of students using active transport purchased food
from a snack cart while in transit than did students com-
muting by bus or car. Studies in low-income communi-
ties suggest that the foods widely available near schools
are not healthy.24,25 Access to unhealthy foods just out-
side a school’s doors can readily undermine the school’s
efforts to provide a healthy environment. While a 15-
minute walk may burn 100 calories, a visit to a fast-food
establishment may layer on 500 calories in an even shorter
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Figure 2. Group means for proportions of students enjoying physical education (PE) vs mile time with best-fit regression lines (adjusted for sex, proportion of
students eligible for free or reduced-price lunch, and urbanization level).
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period. Policies developed in collaboration with local ven-
dors to provide a healthier nutrition environment in school
zones could address this, and model community-based
interventions to create healthy environments have dem-
onstrated some success.26,27

Use of school grounds outside school hours was sig-
nificantly associated with greater fitness, particularly for
seventh graders, which may reflect participation in after-
school programs. After-school programs are an impor-
tant health focus, and recent studies in the after-school
setting have shown promise among elementary school
children in low-income areas.28,29 While use of other rec-
reational facilities was not significantly associated with
fitness, based on 95% confidence intervals for these as-
sociations we cannot rule out an effect as large as a
1-minute improvement in mile time for each additional
day of participation in these venues.

In this study, reported use of physical activity facili-
ties was linked to better fitness, but greater reported ac-
cess to indoor facilities was associated with poorer weight
status. It is possible that greater access to recreational fa-
cilities also means access to other venues that promote
ill health, such as fast food establishments. While our find-
ings contradict those among adults linking greater ac-
cess to recreational activities with lower rates of self-
reported obesity,30 the gap between providing access to
facilities and getting youth to use them was well docu-
mented in a RAND study in a low-income community
in southern California.31 “Build it and they will come”
may no longer apply, and interventions aimed at increas-
ing access without additional social marketing efforts or
use of incentives may not succeed.

Ecological analyses, which may be appropriate for
studying community-level associations, are subject to spe-
cial bias (factors aggregated at the community level do
not take into account variation in exposure within the
community) and confounding; therefore, demonstrated
group-level associations might not be true at the indi-
vidual level.32 The self-reported survey data are also sub-
ject to bias. Additionally, Fitnessgram results were avail-
able for only 72% to 99% of enrolled students across
schools in this study. Because fitness testing is typically
done during PE, some schools’ results may preferen-
tially reflect students taking PE. Given the high mean rates
of participation in and enjoyment of PE reported here
and minimal variability between groups, we may have
underestimated the effect of these factors. Similarly, al-
though efforts were made to administer the surveys in
classes other than PE, surveys were administered at many
schools during PE class owing to the schools’ limited ca-
pacity to release time from other classes.

While BMI is objective, it is does not distinguish be-
tween lean and fat mass; thus, a higher BMI z score may
reflect higher muscle mass in some students.33 For ex-
ample, higher BMI z scores seen among sports team par-
ticipants in this study could reflect higher muscle mass (cer-
tainly, other benefits accrue to youths participating in
sports34). Additionally, fitness tests are effort dependent and
fitness scores may reflect greater effort rather than greater
fitness. However, students who put forth more effort dur-
ing fitness testing are likely to make greater efforts through-
out the year, not just during testing. While ninth-grade stu-

dents who reported at least 20 minutes of exercise during
PE had lower BMI z scores than their peers in unadjusted
models, this cross-sectional association could reflect greater
effort among leaner students.However, asnoted, recent find-
ings suggest that overweight students are just as active as
normal-weight students in PE.20

Our findings point to potential policy opportunities
to improve student health in low-income communities:
shaping PE that youths enjoy and increasing the dura-
tion of participation, improving the quality of PE classes
to achieve higher levels of physical exertion, promoting
students’ use of physical activity facilities at school and
in the community, and working with neighborhood and
community partners to surround youth with healthy op-
tions, particularly just outside schools’ doors. Identify-
ing appropriate incentives and developing monitoring sys-
tems in these areas should be prioritized in schools’ and
communities’ responses to youth obesity.
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Children have never been very good at lis-
tening to their elders, but they have never
failed to imitate them.

—James Baldwin
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