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Background: The proportion of overweight adoles-
cents has increased, but the behavioral risk factors for
overweight youth are not well understood.

Objective: To examine how diet, physical activity,
and sedentary behaviors relate to overweight status in
adolescents.

Design and Setting: Baseline data from the Patient-
Centered Assessment and Counseling for Exercise Plus
Nutrition Project, a randomized controlled trial of ado-
lescents to determine the effects of a clinic-based inter-
vention on physical activity and dietary behaviors.

Participants: A total of 878 adolescents aged 11 to 15
years, 42% of whom were from minority backgrounds.

Main Outcome Measure: Centers for Disease Con-
trol and Prevention body mass index–for-age percen-
tiles divided into 2 categories: normal weight (�85th per-
centile) and at risk for overweight plus overweight
(AR+O) (�85th percentile).

Results: Overall, 45.7% of the sample was classified as
AR+O with a body mass index for age at the 85th per-
centile or higher. More girls from minority back-
grounds (54.8%) were AR + O compared with non-
Hispanic white girls (42%) (�2

1=7.6; P=.006). Bivariate
analyses indicated that girls and boys in the AR+O group
did fewer minutes per day of vigorous physical activity,
consumed fewer total kilojoules per day, and had fewer

total grams of fiber per day than those in the normal-
weight group. Boys in the AR+O group also did fewer
minutes per day of moderate physical activity and watched
more minutes per day of television on nonschool days
than normal-weight boys. Final multivariate models in-
dicated that independent of socioeconomic status (as as-
sessed by household education level), girls had a greater
risk of being AR+O if they were Hispanic or from an-
other minority background (odds ratio [OR]=1.65; 95%
confidence interval [CI], 1.09-2.49) and a reduced risk
of being AR+O as minutes per day of vigorous physical
activity increased (OR=0.93; 95% CI, 0.89-0.97). A low
level of vigorous physical activity was the only signifi-
cant risk factor for boys being AR+O (OR=0.92; 95% CI,
0.89-0.95). Analyses based on meeting behavioral guide-
lines supported these findings and showed that failing
to meet the 60 min/d moderate to vigorous physical ac-
tivity guideline was associated with overweight status for
both girls and boys. In addition, boys who failed to meet
sedentary behavior and dietary fiber guidelines were more
likely to be overweight.

Conclusions: Of the 7 dietary and physical activity vari-
ables examined in this cross-sectional study, insuffi-
cient vigorous physical activity was the only risk factor
for higher body mass index for adolescent boys and girls.
Prospective studies are needed to clarify the relative im-
portance of dietary and physical activity behaviors on over-
weight in adolescence.
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T HE PROPORTION OF CHIL-
dren and adolescents who
are overweight has in-
creased dramatically in the
past decade.1,2 Adolescent

obesity increases the long-term (approxi-
mately 50-year) risk of adult morbidity and
mortality independent of adult obesity sta-
tus,3 and 70% of obese 10- to 13-year-old
children become obese adults.4 It is hy-
pothesized that an industrialized, or “West-
ernized,” lifestyle of excessive energy in-
take and sedentary behavior partially

explains the recent emergence of type 2
diabetes mellitus and obesity in youth.5,6

However, the evidence linking eat-
ing and physical activity patterns with
overweight in youth is contradictory and
inconclusive. Energy intake is not reli-
ably associated with weight status in epi-
demiologic studies, in part because over-
weight people tend to underreport food
intake.7 There is evidence for a link be-
tween fat intake and obesity,8,9 but fruit,
vegetable, and fiber intake have been in-
sufficiently studied. Only 16 of 31 stud-

ARTICLE

From the University of
California, San Diego
(Drs Patrick, Norman, and
Zabinski), San Diego State
University (Drs Calfas and
Sallis and Ms Rupp), and
Kaiser Permanente Medical
Group, San Diego (Dr Cella).

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 158, APR 2004 WWW.ARCHPEDIATRICS.COM
385

©2004 American Medical Association. All rights reserved.
 by BryanMahler, on April 20, 2006 www.archpediatrics.comDownloaded from 

http://www.archpediatrics.com


ies in children and 6 of 21 studies in adolescents have
shown a significant association between physical activ-
ity and weight status.10 By contrast, sedentary behav-
iors, particularly hours of television viewing, have been
consistently related to overweight in youth.11

A major limitation of this literature is that most stud-
ies examined either nutrition or physical activity, whereas
few examined both. A second limitation is that few nutri-
tion and physical activity patterns have been examined de-
spite the complexity of these behaviors. A third limita-
tion is that studies of the association of overweight in youth
with nutrition and physical activity seldom report de-
tailed findings by sex, ethnic background, or age. A fourth
limitation is that dietary and physical activity behaviors
are usually assessed through self-report.

Recommendations for optimal physical activity and
dietary behaviors have been advanced by several groups,
but little is known about how meeting these guidelines
relates to overweight status in youth. Recent guidelines
from an international panel recommend 60 min/d of physi-
cal activity for youth.12 Although US national survey data
indicate that 72% of adolescent boys and 57% of adoles-
cent girls meet the recommendation for 60 min/wk of vig-
orous physical activity,13 objective measures suggest that
as few as 30% of teenagers are meeting the 60-minute
guideline.14 Girls, older adolescents, minorities, and dis-
advantaged youth are less likely to be meeting this rec-
ommendation. The Healthy People 201015 objective for
the proportion of adolescents who view television less
than 2 h/d is 75%, yet baseline data in 1999 found that
only 57% of adolescents did so.

The Centers for Disease Control and Prevention
(CDC), Atlanta, Ga, estimates that only 15% of adoles-
cents aged 12 to 19 years meet the recommendation that
less than 30% of total daily energy intake come from fat
and that only 7% of adolescents meet the recommenda-
tion that less than 10% of total daily energy intake come
from saturated fat.13,15 Data from the CDC’s 2001 Youth Risk
Behavior Surveillance16 survey indicate that less than 22%
of high school students consumed 5 or more servings per
day of fruits and vegetables during the week before the sur-
vey. In addition to the number of servings per day, an-
other measure of adequate consumption of fruits and veg-
etables is dietary fiber intake. The recommendation of the
Institute for Cancer Prevention (Valhalla, NY) for mini-
mal intake of fiber for children is the age of the child plus
5 g of dietary fiber per day.17 The age plus 5 g guideline is
similar to the American Academy of Pediatrics recommen-
dation of 0.5 g/kg of body weight for children up to age 10
years but less for teenagers, among whom the risk of low
iron, calcium, and zinc intakes is a concern.

For purposes of intervention development, espe-
cially those that target specific subgroups of adolescents
or those capable of being tailored to the unique needs of
an individual, there is a need to more clearly understand
the relationships between and among these risk behav-
iors. What is the relative importance of dietary vs physical
activity–related risk factors for overweight status in youth?
Among dietary behaviors, which are the most critical to ad-
dress? Among activity-related behaviors, is moderate or vig-
orous physical activity most important? How is this af-
fected by sedentary behavior? How do these relationships

vary by age, sex, or ethnicity? Also, what can we learn by
examining body mass index (BMI) status and its associa-
tion with attainment of the guidelines noted previously?
This study reports an exploratory analysis of these ques-
tions among a group of 878 adolescents aged 11 to 15 years.

METHODS

The Patient-Centered Assessment and Counseling for Exercise
Plus Nutrition Project (PACE+) for adolescents is a randomized
controlled trial to determine the effects of a 1-year intervention
on adolescents’ physical activity and dietary behaviors. The in-
tervention program is channeled through participants’ primary
care provider and includes physician interaction, a tailored in-
teractive computer program for assessment and goal setting, and
monthly telephone counseling sessions with a trained health coun-
selor.18 The study was reviewed and approved by the institu-
tional review boards of both San Diego State University and the
University of California, San Diego. This article presents data from
the baseline assessment of PACE+ study participants.

PARTICIPANTS

Adolescents between the ages of 11 and 15 years were recruited
through their primary care providers. A total of 45 primary care
providers from 6 clinic sites in San Diego County agreed to par-
ticipate in the study. Recruitment methods included the follow-
ing: (1) recruiting participants when parents called the PACE+
office in response to either an initial mailing to eligible partici-
pants or flyers posted in the clinics; (2) calling patients of par-
ticipating physicians who had an upcoming scheduled visit; and
(3) “cold calling” patients of participating physicians at random
who did not return an opt-out postcard from the initial mailing.
A representative group of adolescents seeing primary care pro-
viders was sought, with no emphasis on being overweight to par-
ticipate. Participants and parents knew that the study involved
randomization to either a physical activity and dietary interven-
tion or the comparison sun protection intervention.

Recruitment occurred from May 2001 through June 2002.
Trained study recruiters attempted to contact 3366 households,
from which 1032 contacts (31%) gave both parental consent and
child assent verbally by telephone. A total of 878 adolescents were
randomized into the study after signing consent forms and com-
pleting baseline measurements at the PACE+ office. Table1 dis-
plays the demographic and anthropometric characteristics of the
sample. Although not fully representative of the San Diego com-
munity, in which those aged 10 to 17 years are 35% Hispanic,
7% African American, 12% Asian or other, and 45% non-
Hispanic white,19 the sample was diverse with approximately 42%
of participants from minority backgrounds.

MEASURES

Height and Weight

A wall stadiometer measured standing height. Weight was mea-
sured with a calibrated digital scale. Each measure was ob-
tained twice, and the mean of the 2 readings was calculated.
The BMI was calculated as the weight in kilograms divided by
the height in meters squared. The BMI for age was determined
from CDC national norms using age to the nearest month, sex-
specific median, standard deviation, and power of the Box-
Cox transformation.20

Physical Activity

Physical activity was measured with the Computer Science and
Applications Accelerometer (WAM 7164; Actigraph, Ft Wal-
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ton Beach, Fla; now available through www.mtiactigraph.com).
This uniaxial accelerometer is small (5.1�3.8�1.5 cm), light-
weight (45 g), and worn on a belt snugly around the waist. Ac-
celerometers stored data as 1-minute means for a 7-day pe-
riod. In laboratory and field settings, these accelerometers have
been shown to be a valid measure for quantifying children’s ac-
tivity levels.21 The equations for estimating physical activity vari-
ables were derived by Freedson and Miller.22 All physical ac-
tivity variables were calculated by processing accelerometer data
with a program written by Trost et al.21 Physical activity vari-
ables were averaged across valid days of monitoring for each
participant and included total energy expenditure (kilojoules
per kilogram per day) and minutes of moderate physical ac-
tivity (3.0-5.9 metabolic equivalents [METs]) and vigorous
physical activity (�6 METs). Metabolic equivalents are the ra-
tio of the work metabolic rate to the resting metabolic rate. One
MET is defined as 4.18 kJ/kg per hour and is roughly equiva-
lent to the energy cost of sitting quietly.23 Complete data from
the activity monitors were available for 770 participants (88%).

Sedentary Behavior

Participants completed a self-report measure of recent non-
school day time spent watching television, modified from a vali-
dated survey developed by Robinson.24 Time spent watching
television was used as a proxy for sedentary behavior given the
positive relationship with BMI.25 Nonschool day television time
was selected to give an accurate representation of self-selected
behavior during unstructured time (eg, no school). Partici-
pants’ responses were measured on an 8-point scale and ranged
from “none” to “6 hours or more.”

Dietary Intake

Three 24-hour food recalls assessed dietary intake. Trained data
collectors conducted dietary recalls for 2 weekdays and 1 week-
end day using University of Minnesota Nutrition Data System
for Research software version 4.04.26 Participants were taught
how to measure food portions with 3-dimensional food mod-
els. The first interview was conducted in person, and the sec-
ond and third were conducted by telephone (participants were
given 2-dimensional food models to use for the second and third
assessments). Nutrient variables (total kilojoules per day, per-
centage of calories from total fat, and total grams of fiber) were
calculated by averaging values from the 3 intake records. Grams
of dietary fiber were adjusted for total energy intake in multi-
variate analyses, as recommended by Willett.27

Highest Household Education Level

The parent of the adolescent participant completed a short demo-
graphic survey that asked him or her to indicate the highest
level of education completed for “myself,” “other adult fe-
male,” and “other adult male” in the household. Nine educa-
tion levels were included that ranged from “high school or less”
to “doctorate degree.” Household education level was calcu-
lated as the maximum value from the adult education levels
and was divided into 3 categories: “less than high school through
associate’s degree,” “bachelor’s degree,” and “greater than or
equal to graduate or professional school.”

Behavioral Guidelines

Physical activity and dietary intake data were used for direct com-
parison with national guidelines. Separate variables were cre-
ated for minutes of physical activity per day, hours of television
per day, percentage of calories from total fat, percentage of calo-
ries from saturated fat, and amount of fiber (grams per day).

STATISTICAL ANALYSIS

All analyses were stratified by sex. A BMI status variable was
created using accepted cutoff values for evaluating adolescent
obesity.28 We performed several exploratory analyses of these
data and found that the most informative way to analyze them
was by combining the at risk for overweight (BMI for age �85th
percentile and �95th percentile) and overweight (�95th per-
centile) categories into 1 group (labeled at risk for overweight
plus overweight [AR+O]) and comparing it with the normal-
weight category (BMI for age �85th percentile). The CDC con-
siders children lower than the 5th percentile to be under-
weight. Ten adolescents in the sample met this definition for
underweight and were included in the normal-weight group.

We used �2 tests of independence to examine the relation-
ships between demographic variables and BMI status. Analysis
of variance tests assessed group differences in BMI status for the
4 activity and 3 dietary variables. Multivariate logistic regression
models were specified to examine combined effects of the physi-
cal activity and dietary predictors on BMI status. Age, ethnicity,
highest household education level, and total energy intake were
entered into the model as control variables in the first step. For
the second step, forward entry determined which physical activ-
ity and dietary predictors entered the model. All 2-way interac-
tion terms for variables remaining in steps 1 and 2 were forward
entered in step 3. A significance criterion for forward entry was
set at P�.05. The Hosmer-Lemeshow test29 assessed goodness of

Table 1. Demographic and Anthropometric
Sample Characteristics*

Characteristic
Girls

(n = 471)
Boys

(n = 407)
Total

(N = 878)

Age, mean ± SD, y 12.8 ± 1.3 12.7 ± 1.4 12.7 ± 1.3
11 97 (20.6) 91 (22.4) 188 (22.4)
12 121 (25.7) 96 (23.6) 217 (24.7)
13 108 (22.9) 93 (22.9) 201 (22.9)
14 91 (19.3) 77 (18.9) 168 (19.1)
15 54 (11.5) 50 (12.3) 104 (11.8)

Ethnicity
Asian/Pacific Islander 12 (2.5) 18 (4.4) 30 (3.4)
African American 27 (5.7) 31 (7.6) 58 (66.)
Native American 4 (0.8) 2 (0.5) 6 (0.7)
Indian
Hispanic 65 (13.8) 50 (12.3) 115 (13.1)
Non-Hispanic white 274 (58.2) 234 (57.5) 508 (57.9)
Multiethnic/other 89 (18.9) 72 (17.7) 161 (18.3)

Highest household education
level

�High school to
associate’s degree

176 (37.4) 113 (27.8) 289 (32.9)

Bachelor’s degree 123 (26.1) 128 (31.4) 251 (28.6)
�Graduate or

professional school
164 (34.8) 154 (37.8) 318 (36.2)

Did not report 8 (1.7) 12 (2.9) 20 (2.3)
Height, mean ± SD, cm 156.3 ± 8.0 158.6 ± 11.6 157.4 ± 9.9
Weight, mean ± SD, kg 59.1 ± 17.8 58.7 ± 19.4 59.0 ± 18.5
BMI, mean ± SD 24.0 ± 6.5 23.5 ± 6.4 23.6 ± 6.3
BMI-for-age percentile,

mean ± SD
74 ± 26.1 69 ± 28.8 72 ± 27.4

BMI category
�85th percentile 248 (52.7) 228 (56.2) 476 (54.3)
�85th to �95th percentile 95 (20.2) 64 (15.8) 159 (18.1)
�95th percentile 128 (27.2) 114 (28.1) 242 (27.6)

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

*Data are presented as number (percentage) unless otherwise indicated.
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fit at each step. Additionally, we determined the proportion of
normal-weight and AR+O boys and girls who met accepted guide-
lines for physical activity and nutrient intake.

RESULTS

DEMOGRAPHIC CHARACTERISTICS
BY BMI STATUS

Overall, 45.7% of the sample was classified as AR+O.
There was no difference between the proportion of girls
(47.3%) and boys (43.8%) in this group (�2

1=1.1; P=.30).
There were also no differences found in the proportion
of AR+O by age (girls: �2

4=3.4; P=.50; boys: �2
4=5.3;

P= .26) or highest household education level (girls:
�2

2=0.12; P=.94; boys: �2
2=3.0; P=.22).

Ethnicity was divided into 2 groups: non-Hispanic
white and Hispanic individuals plus other minorities. In
total, 42.2% were in this latter group, with 50% of these
individuals identifying themselves as Hispanic or part His-
panic. Significantly more girls from Hispanic or other mi-
nority backgrounds (54.8%) were AR+O compared with
non-Hispanic white girls (42%) (�2

1=7.6; P=.006). How-
ever, no difference was found for BMI status between boys

from Hispanic or other minority backgrounds (45.7%)
and non-Hispanic white boys (42.5%) (�2

1=0.41; P=.52).

PHYSICAL ACTIVITY AND DIETARY VARIABLES
BY BMI STATUS

Table 2 presents the means, standard deviations, and
group difference tests for physical activity and dietary vari-
ables for girls and boys. Both girls and boys in the normal-
weight group were doing significantly more minutes per
day of vigorous physical activity than those in the AR+O
group (P�.001). However, only boys showed a statisti-
cal difference between groups for minutes per day of mod-
erate physical activity (P=.02). Boys in the AR+O group
reported significantly more mean minutes per day of tele-
vision watching on nonschool days than the normal-
weight group (P�.001), whereas no group difference was
found for girls.

Reported total energy consumption differed by BMI
status for both girls and boys, with the AR+O group con-
suming fewer total calories than the normal-weight group
(P=.01 for girls; P�.001 for boys). Percentage of calo-
ries from fat did not differ by BMI status. However, AR+O
girls and boys reported consuming fewer total grams of
fiber per day than the normal-weight group (P=.01 for
girls; P�.001 for boys).

MULTIVARIATE MODELS

Final multiple regression models are presented in
Table 3. Because some studies have demonstrated that
ethnic minority status is independent of socioeconomic
status as a predictor of selected risk factors such as BMI30

and because, as a practical matter, interventions aimed
at these factors are often developed and deployed in ways
that use each of them, we included both in the model,
with highest household education level as a proxy for so-
cioeconomic status. For girls, being Hispanic or from an-
other minority background was associated with a greater
likelihood of being AR+O (odds ratio [OR]=1.65; P=.02).
Higher reported total kilojoules per day was associated
with a decreased likelihood of being AR+O (OR=0.99;

Table 3. Final Logistic Regression Models of Predictors
of at Risk Plus Overweight in Girls and Boys

Predictor

Girls Boys

OR
(95% CI)

P
Value

OR
(95% CI)

P
Value

Age 0.97 (0.82-1.14) .70 0.92 (0.76-1.11) .38
Ethnicity (Hispanic

or other minority
background)

1.65 (1.09-2.49) .02 1.38 (0.85-2.22) .19

Highest household
education level

1.11 (0.87-1.41) .39 0.90 (0.68-1.20) .47

Total kJ/d 0.99 (0.98-1.00) .03 0.98 (0.97-0.99) �.001
Vigorous physical

activity, min/d
0.93 (0.89-0.97) .002 0.92 (0.89-0.95) �.001

Abbreviations: CI, confidence interval; OR, odds ratio.

Table 2. Physical Activity and Diet Variables by BMI Status for Girls and Boys*

Variable

Girls Boys

�85th
Percentile

�85th
Percentile

Mean Difference
(95% CI)

�85th
Percentile

�85th
Percentile

Mean Difference
(95% CI)

Moderate physical activity,
min/d

48.0 ± 21.9 44.4 ± 21.6 3.5 (−0.7 to 7.8) 62.5 ± 26.6† 55.9 ± 25.9† 6.6 (1.1 to 12.1)†

Vigorous physical activity,
min/d

6.3 ± 6.3† 4.2 ± 4.5† 2.1 (1.0 to 3.1)† 12.4 ± 9.5† 8.0 ± 6.3† 4.4 (2.7 to 6.1)†

Television time on nonschool
days, min/d

121.7 ± 97.8 135.6 ± 88.0 −13.8 (−30.8 to 3.1) 108.4 ± 81.3† 141.5 ± 101.4† −33.1 (−50.9 to −15.2)†

Total energy expenditure,
kJ/kg per day

178.9 ± 17.9 176.6 ± 16.2 2.3 (−1.0 to 5.6) 184.0 ± 18.7 181.7 ± 18.5 2.3 (−1.6 to 6.2)

Total kJ/d 7196.2 ± 2463.5† 6623.2 ± 2393.7† 573.0 (132.2 to 1013.8)† 8808.4 ± 2810.7† 7525.1 ± 2780.0† 1283.3 (722.1 to 1844.5)†
Kilojoules from fat per day, % 32.4 ± 6.4 33.1 ± 5.7 −0.66 (−1.8 to 0.4) 32.5 ± 5.7 32.6 ± 6.3 −0.14 (−1.3 to 1.0)
Total grams of fiber per day 12.0 ± 5.1† 10.9 ± 4.7† 1.1 (0.2 to 2.0)† 14.4 ± 6.7† 12.2 ± 6.6† 2.2 (0.88 to 3.5)†

Abbreviations: BMI, body mass index; CI, confidence interval.
*Data are presented as mean ± SD unless otherwise indicated. BMI status indicates BMI-for-age percentile.
†Indicates statistically significant differences at P�.05.
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P=.03). The only predictor entering the model at step 2
was vigorous physical activity, with more minutes of vig-
orous physical activity associated with a decreased like-
lihood of being AR+O (P�.001). No 2-way interaction
terms entered the model at step 3. The overall model was
statistically significant (�2

5=24.7; P�.001; R2=0.08).
For boys, higher reported total kilojoules per day

was again associated with a decreased likelihood of being
AR+O (OR=0.98; P�.001). Only vigorous physical ac-
tivity entered the model, indicating that more minutes
of vigorous physical activity were associated with a de-
creased likelihood of being AR+O (P�.001). No 2-way
interaction terms entered the model at step 3. The over-
all model was statistically significant (�2

5=50.7; P�.001;
R2=0.18).

MEETING HEALTH RECOMMENDATIONS
BY BMI STATUS

To further understand the differences among BMI sta-
tus groups, we examined the proportion of each group
meeting recommended health guidelines for adoles-
cents. The Figure shows 5 health objectives that corre-
sponded with our measured variables. More boys (71%)
than girls (64%) met the television–viewing time guide-
line, and significantly more normal-weight boys (76%)
than AR+O boys (64%) met this guideline (�2

1=6.8;
P=.009). More boys (59%) than girls (34%) met the physi-
cal activity guideline of 60 min/d. For both boys and girls,
a higher proportion of the normal-weight group at-
tained the physical activity objective compared with the
AR + O group (boys: �2

1= 7.5; P = .006; girls: �2
1= 7.9;

P=.005). Only small proportions of girls and boys met
dietary fat and fiber guidelines. These proportions did
not differ between BMI status groups except that more
normal-weight boys (25%) met the fiber intake guide-
line than AR+O boys (14%) (�2

1=8.3; P=.004).

COMMENT

Most previous studies examined overall energy intake and
expenditure as risk factors for youth overweight, but our
results indicate that it is more fruitful to investigate a range
of eating and physical activity behavior patterns. For ex-
ample, fiber intake was related to overweight status, whereas
the more frequently studied variable of percentage of calo-
ries from fat was unrelated. Although physical activity has
been inconsistently related to youth overweight status in
past studies,10 in this study, objectively monitored vigor-
ous physical activity was related to overweight in both girls
and boys. Consistent with past studies,32 boys’ overweight
status was related to time spent watching television.

Interestingly, in this group of adolescents, increased
energy intake (higher kilojoules) was related to decreased
overweight status. At first, this finding appears contradic-
tory. However, given the increased levels of vigorous ac-
tivity among this group, it is likely that they expend greater
amounts of energy, creating a favorable energy balance. Re-
search has indicated that consistent exercise participation
is crucial for weight maintenance across time in adults,33,34

and it is probable that this relationship also holds in youth.
An alternate explanation for these findings, however, might

be the underreporting of food intake by overweight and
obese adolescents. This is a recognized problem with
adults35,36 and likely occurs with adolescents as well.

These results suggest that overweight status in ado-
lescence is associated with a complex pattern of energy in-
take and energy expenditure behaviors including types of
nutrient intake and time in physical and sedentary activi-
ties. There was no evidence that the interaction of diet and
activity variables was associated with weight status. This
is one of the first studies to specifically test diet-activity
interactive effects on overweight, so additional studies are
needed to clarify these issues. The finding that only vig-
orous physical activity appeared to have an independent
association with weight status for girls and boys is, to our
knowledge, a novel one and has interesting implications
for both researchers and intervention developers. If this
finding is confirmed in subsequent prospective studies,
physical activity interventions may have the most gener-
alized effects on reducing overweight in adolescence. Our
finding of a higher likelihood of girls from Hispanic and
other minority backgrounds vs non-Hispanic white girls
being AR+O is consistent with the findings of others.2,37

That this finding appears to be independent of socioeco-
nomic status as measured by household education level
suggests that ethnic and/or cultural factors may have to
be addressed if interventions in this area are to succeed.

The findings related to meeting behavioral guide-
lines are consistent with our bivariate analyses, espe-
cially the differences between normal-weight and AR+O
boys for physical activity and television viewing. That 75%
and 65%, respectively, of normal-weight boys meet these
guidelines suggests that attaining them may be genu-
inely helpful. Consistent with national data,16,38 we found
that few adolescent girls or boys were meeting any of the
3 dietary recommendations. The difference in fiber in-
take between normal-weight and AR+O boys suggests
that this indicator of dietary quality may become more
important in the future as a behavior to target for inter-
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guidelines: Healthy People 2010,15 Williams et al,17 and Biddle et al.31
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vention. However, the overall low prevalence of meet-
ing fiber recommendations is a disturbing finding given
that plant foods high in fiber are also rich in potentially
anticarcinogenic compounds,39 and effective cancer pre-
vention may well need to begin in this stage of human
development. These findings provide an additional ra-
tionale for the need for concerted efforts to improve ado-
lescents’ diets.15 Although most girls and boys reported
meeting the television-viewing recommendations, only
a modest majority of boys and a clear minority of girls
met the physical activity guideline of 60 min/d. Thus, there
is also a need for concerted efforts to develop interven-
tions to improve physical activity for girls.

Limitations of our study include restriction to 1 geo-
graphic region, use of self-report for dietary and sedentary
behaviors, and a relatively narrow age range. These results
need to be replicated, ideally with improved objective mea-
sures of physical activity and more precise measures of the
expanding range of sedentary behaviors including com-
puter and electronic game use. Nonetheless, the findings
from this study contribute to the body of evidence sug-
gesting that adolescents continue to require interventions
that target multiple aspects of physical activity and nutri-
tion. This should help increase the proportion of adoles-
cents who meet recommended health guidelines.
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What This Study Adds

Although the prevalence of overweight and obesity dur-
ing adolescence has increased substantially in the past
few years, the evidence linking specific eating and physi-
cal activity behaviors with overweight is inconclusive.
Most previous studies have examined nutrition or physi-
cal activity factors, but few have examined both.

This study examined a variety of dietary and physi-
cal activity variables in relation to weight status and found
that only vigorous physical activity was associated with
weight for adolescent boys and girls. We also found that
few adolescents, regardless of weight status, were meet-
ing recommended dietary guidelines.
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