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Objectives To examine the combined influence of physical activity and screen time (television and video games) on the odds
of being overweight and to evaluate the utility of current public policy recommendations.

Study design Physical activity was assessed by a pedometer and screen time was assessed by survey in a sample of 709
children age 7 to 12 years. The percentage of subjects meeting current physical activity and screen time recommendations was
calculated. Cross-tabulated physical activity—screen time groups were formed depending on whether or not the children were
meeting current recommendations. Logistic regression was used to examine the influence of physical activity and screen time
on the odds of being overweight.

Results Children meeting physical activity and screen time recommendations were the least likely to be overweight.
Approximately 10% of the boys and 20% of the girls meeting both recommendations were overweight, compared with 35% to
40% of those who did not meet either recommendation. Screen time and physical activity appeared to be equivalent risk factors
for boys, even though physical activity in girls was more strongly associated with body mass index.

Conclusions Children not meeting the physical activity or screen time recommendations were 3 to 4 times more likely to
be overweight than those complying with both recommendations. (J Pediatr 2008;153:209-14)

recent evidence analysis conducted by the American Dietetics Association identified physical activity levels and amount
of screen time (i.e., television [TV] watching and video game [VG] playing) as predisposing factors for obesity.!
Modifying these behavioral risk factors, along with diet, is a frequent objective of obesity interventions.

Although some shared variance between physical activity and screen time has been reported,3 a change in screen time may
have no impact on leisure-time physical activi'fy,4 suggesting that these variables are separate constructs. But even though the
independent associations between physical activity and overweight and between screen
time and overweight are now fairly well established,’ there is limited information on the
combined influence of physical activity and screen time on the risk of being overweight in
youth. A study using the Youth Risk Behavior Survey (YRBS) demonstrated the com-
plexity of the interaction in cross-tabulated groups of adolescents identified with high,
moderate, and low levels of physical activity and screen time.” But the YRBS is limited by
self-reported height and weight for determination of body mass index (BMI) and uses a
single question to assess vigorous or moderate physical activity. Furthermore, the sample
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and physical activity cutpoints are endorsed by the President’s
Challenge Physical Activity and Fitness Awards Programu’12
and by the AAP within a policy statement on physical activity
and childhood obesity.”

The purpose of the present study was to test the utility
of current recommendations for physical activity and screen
time. More specifically, we were interested in determining the
combined influence of physical activity and screen time on the
odds of being overweight in 7- to 12-year-old children.

METHODS

Subjects

The subjects were from public elementary schools in 2
midwestern communities (4 schools in Lakeville, Minnesota
and 6 schools in Cedar Rapids, lowa) involved in a commu-
nity-, school-, and family-based childhood overweight and
obesity intervention known as SWITCH. The data were
collected before the subjects’ knowledge of randomization
into control or treatment groups (eg, baseline); thus, the study
can be considered a cross-sectional, observational study de-
sign. Before study initiation, the procedures and risks of the
research were explained verbally and in writing to all subjects
and their primary caregivers, after which written assent was
obtained from each subject and written consent was obtained
from each primary caregiver. The study protocol was ap-
proved by the University of Minnesota’s Human Subjects
Review Board and is accordance with the Declaration of
Helsinki.

Of the 2114 elementary school children invited to par-
ticipate in the study, a total of 1360 accepted (64% response
rate). But due to noncompliance with monitoring of physical
activity or missing data for anthropometry or screen time, the
final sample used in the current analysis comprised 709 chil-
dren (318 boys and 391 girls). The composition of the sample
for analysis is similar to the overall demographics of the
school districts from which the children were enrolled.

Anthropometry
Standing height and body weight were measured by a

school nurse according to standard procedures.13 Standing
height was measured using a portable stadiometer (Seca Road
Rod; Seca, Hamburg, Germany). Body mass was measured
using a strain gauge scale (Lifesource MD; Lifesource, Mil-
pitas, California). Measurement error was minimized by hav-
ing the nurses participate in a training session before data
collection; measurement error was determined during data
collection through duplicate measures of every 25th subject.
Overall, measurement error was small (standard error of the
mean, 0.3 cm standing height and 0.1 kg body mass). BMI (in
ke/ m?) was calculated from measurements of standing height
and body mass. Overweight and obesity were determined
based on age- and sex-specific reference values developed by
the International Obesity Task Force,'* which are anchored
to adult values for overweight and obesity at age 18 years and
extrapolated backward. For assessment of the odds of being
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overweight, the children in the overweight and obesity groups
were combined and are hereinafter referred to as overweight.

Screen Time

Average daily screen time was assessed by survey, based
on procedures described previously.ls’16 To quantify screen
time, the children indicated how much time they spent
watching TV during 3 time periods: from waking until lunch,
from lunch until dinner, and from dinner until bedtime. This
series of 3 questions was asked first for a typical school day
and then for a typical weekend day, allowing calculation of a
weekly estimate. This same procedure was repeated for VG
playing, producing a weekly estimate of screen time that
included both TV watching and VG playing. This measure-
ment approach has proven reliable in previous studies® 7 and
demonstrates appropriate predictive validity by predicting
theoretically relevant variables, such as school performance.
Furthermore, in the present sample, the 6-month test-retest
Pearson correlations were high, averaging 0.50 for TV time,
0.52 for VG time, and 0.55 for total screen time (all P <
.001). Total screen time was characterized using the AAP
guideline recommending limiting children’s total media time
(entertainment media) to no more than 2 hours of quality
programming per day.®

Habitual Physical Activity

Habitual, free-living physical activity was assessed using
a pedometer (Digiwalker SW-200), which has proven to be
suitable for research purposes.'® Each subject was instructed
how to wear the pedometer during the day, and the pedom-
eter’s accuracy was verified before data collection began. The
subject recorded the times at which the pedometer was worn
and the number of steps accumulated each day over a 7-day
period. Previous research supports a 4-day monitoring period
to determine habitual physical activity.'” In addition, poten-
tial bias between weekend and weekday step counts must be
accounted for.?® For these reasons, a subject was included in
the analysis only if he or she wore the pedometer for at least
10 hours on at least 4 days (3 weekdays and 1 weekend).
Classification of physical activity was based on a norm-refer-
enced criterion suggested by Vincent and Pangrazi'' (13 000
steps/day for boys and 11 000 steps/day for girls) and en-
dorsed by the AAP.”

Statistical Analysis

Descriptive statistics were calculated for the total sam-
ple and separately by sex. To assess relationships among
variables of interest, partial correlations were conducted for
boys and girls among pedometer steps/day, TV time/day, VG
time/day, and BMI, controlling for chronological age. Initial
logistic regression models were used to assess the utility of the
current screen time and physical activity cutpoints indepen-
dently. The children were categorized into 4 groups based on
compliance with the physical activity and/or screen time rec-
ommendations: (1) do not meet physical activity/do not meet
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Table I. Descriptive statistics

Variable Boys (n = 318) Girls (n = 391) Total (n = 709)

Age, years 9.7 (0.9) 9.6 (0.9) 9.7 (0.9)
Height, cm 1385 (7.2) 138.0 (8.1) 138.2 (7.7)
Weight, kg 35.3(84) 35.6 (9.9) 35.5(9.2)
BMI, kg/m? 18.2 (3.1) 18.5 (3.6) 18.4 (3.4)
Overweight, % 18.9% 20.5% 19.7%
Obese, % 5.3% 9.2% 7.5%
Pedometer, steps/day 12791 (3332) 10 871 (2565) 11733 (3084)
Meeting activity recommendation, %* 41.8% 45.5% 43.9%
TV time, hours/day 29 (2.2) 2.8 (2.0) 2.8 (2.1)
VG time, hours/day 1.6 (1.7) 0.7 (1.1) 1.1 (1.4)
Total screen time, hours/day 45 (3.4) 3.5(2.6) 4.0 (3.0
Meeting 2-hour screen time recommendation, %% 26.7% 35.0% 31.3%

Values are reported as mean (standard deviation) unless noted otherwise.
*Vincent and Pangrazi (2002).
+AAP (2001).

screen time (ie, not meeting either the physical activity or
screen time recommendations), (2) meet physical activity/do
not meet screen time, (3) do not meet physical activity/meet
screen time, and (4) meet physical activity/meet screen time.
Within these groups, the frequency of overweight was calcu-
lated. Finally, logistic regression was used to calculate the
odds of being overweight for each group. The high—physical
activity/low—screen time groups were considered the referent
for all analyses. Models were run separately by sex, adjusting
for age. Odds ratios (ORs) and 95% confidence intervals (Cls)
were calculated using SAS version 9.1 (SAS Institute,
Cary, North Carolina).

RESULTS

Descriptive statistics for physical characteristics, physi-
cal activity, and screen time are reported in Table I. For both
boys and girls, the mean standing height approximated the
50th percentile for age- and sex-specific reference values, and
mean body mass and BMI approximated the 75th percentile
for age- and sex-specific reference values.’! No significant
sex-based differences in age, height, body mass, BMI, or the
combined prevalence of overweight and obesity were seen.
Approximately 24% of the boys and 30% of the girls were
classified as overweight or obese. Slightly less than 50% of the
children met current pedometer-determined physical activity
recommendations; approximately 27% of the boys and 35% of
the girls met the AAP 2-hour screen time limit.

Partial correlations (controlling for age) among BMI,
physical activity, and screen time are given in Table II. In
general, correlations between physical activity, screen time,
and BMI were low (» < 0.30). The associations between
physical activity and BMI were similar for the boys and the
girls. The correlations between screen time and BMI were
slightly higher in the boys compared with the girls. Correla-
tions for TV time were slightly higher than those for VG time
and BMI. The correlation between VG time and BMI in the

girls was not statistically significant. The correlations between

physical activity and screen time were low (» < 0.11) and not
significant for either sex.

Logistic regression examining the independent associ-
ation of physical activity and overweight indicated that boys
accumulating fewer than 13 000 steps per day were 2.74 times
more likely to be overweight than those that met the recom-
mendation (95% CI = 1.54, 4.88), and girls who took fewer
than 11 000 steps per day were 2.37 times more likely to be
overweight than those who met the recommendation (95% CI
= 1.50, 3.75). In terms of screen time, boys exceeding the
recommended 2 hours of total screen time were 1.69 times
more likely to be overweight than with =< 2 hours (95% CI =
0.90, 3.17), and girls with > 2 hours of total screen time were
1.22 times more likely to be overweight than those with = 2
hours (95% CI = 0.77, 1.94).

Results of logistic regression on physical activity and
screen time using the 2-hour AAP screen time recommen-
dation are shown in Table III. The boys and girls who did not
meet either recommendation were approximately 4.5 and 3
times more likely to be overweight than those meeting both
recommendations, respectively. Boys who met only 1 of the
cutpoints had an increased likelihood of being overweight;
however, the ORs were not statistically significant. For girls
meeting only 1 guideline, failing to meet the physical activity
guideline resulted in a larger OR compared with that associ-
ated with exceeding the screen time recommendation.

DISCUSSION

The present study has considered the simultaneous in-
fluence of 2 key risk factors for childhood overweight using
established public health recommendations. We found that
children not meeting the physical activity or screen time
recommendations were 3 to 4 times more likely to be over-
weight than those complying with both recommendations.
Furthermore, those meeting the physical activity and screen
time recommendations were the least likely to be overweight.

Approximately 10% of the boys and 20% of the girls who met
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Table Il. Partial correlations among BMI, physical activity, and screen time

Variable BMI Physical activity TV time VG time Total screen time
Boys (n = 318)
BMI | — — — —
Physical activity —0.25 | — — —
TV time 0.24 —0.11 | — —
VG time 0.14 —0.03 0.49 | —
Total screen time 0.22 —0.09 0.90 0.82 |
Girls (n = 391)
BMI | — — — —
Physical activity —0.29 | — — —
TV time 0.14 —0.05 | — —
VG time 0.06 —0.04 0.39 | —
Total screen time 0.13 —0.06 0.93 0.71 |

Correlations are adjusted for age. The correlations in boldface type are statistically significant (P < .05).

Table Ill. Influence of physical activity and screen time (2-hour recommendation) on the odds of being

overweight

Meet physical activity Meet screen time

recommendation recommendation* n (% of sample)} Adjusted OR} 95% CI
Boys (n = 318)
Yes Yes 38 (11.9%) Referent —
No Yes 47 (14.8%) 2.60 0.75,8.94
Yes No 95 (29.9%) 1.59 0.49,5.15
No No 138 (43.4%) 4.39 1.47, 13.12
Girls (n = 391)
Yes Yes 63 (16.1%) Referent —
No Yes 74 (18.9%) 2.56 1.14,5.73
Yes No 115 (29.4%) 1.32 0.60, 2.89
No No 139 (35.5%) 3.00 1.44, 6.26
*AAP (2001).

tPercentage of logistic regression sample.
$OR adjusted for age.

both guidelines were overweight. In comparison, 35% to 40%
of the children who did not meet either recommendation
were overweight (Figure). These results demonstrate the util-
ity of these recommendations with regards to childhood over-
weight.

Although several studies have shown independent as-
sociations between physical activity and screen time and
childhood overweight, there is very limited information on
the combined influence of these variables on odds of child
overweight. Using data from the National Health and Nutri-
tion Examination Survey, Anderson et al?? demonstrated that
children grouped as watching more TV and participating in
lower amounts of vigorous physical activity (ie, high TV time
and low physical activity) had greater skinfold thickness mea-
surements and BMI compared with other cross-tabulated
groups; however, stronger associations were found for TV
time. In the YRBS, Eisenmann et al® found similar results for
moderate physical activity, vigorous physical activity, and TV
time, with stronger associations noted in girls. Comparing
these results is somewhat difficult given the different classi-
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fication scheme, but in general meeting the physical activity
recommendation appeared to be more strongly associated
with a reduced likelihood of overweight, especially in girls. In
addition, TV time, VG time, and total screen time had a
greater impact on the odds of being overweight for boys,
possibly due in part to the fact that boys spend significantly
more time playing VGs than girls.ls’16

A likely reason for the disparity between previous find-
ings and our findings in terms of physical activity is the
different methods used to assess physical activity. A meta-
analysis by Rowlands et al? suggested that the relationship
between physical activity and adiposity depends on the
method of measurement; more specifically, studies using ob-
jective assessment tools show stronger results, which appears
to be true in the present study. In the studies of Anderson et
al?> and Eisenmann et al,’ physical activity was assessed
through a single-item questionnaire. The use of the pedom-
eter in the current study may have provided more consistent
results and thus indicated stronger associations.

Some variation was seen in the estimated odds of being
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overweight between the boys and the girls. Not meeting the
screen time cutpoint had little impact on the odds of being
overweight for those girls who met the physical activity cut-
point. This finding may indicate that physical activity is a
more important risk factor for overweight than screen time in
girls. As also indicated by the correlations, the association
between screen time and BMI (r = 0.13) was weaker than the
association between physical activity and BMI (» = —0.29) in
the girls. In the boys, the 2 risk factors had a similar relation-
ship with BMI (r =~ 0.20 to 0.25). The reason for the sex
difference in the associations between the 2 risk factors and
BMI may be multifactorial. Considering the mean age of the
girls in the current study (9.6 years), many of them are likely
at the start of adolescence, at which physical activity typically
sharply declines.?* The importance of girls maintaining phys-
ical activity during this period has been documented.?” This
decline could have resulted in our finding that the association
of physical activity overshadowed that of screen time in the
girls. In addition, the boys in the current study watched more
TV and played more VGs than the girls. This indicates that
perhaps screen time accounts for a significantly larger portion
of the boys’ daily activity and thus is more strongly associated
with weight status.

Relatively few children in this sample complied with the
recommendations for physical activity or screen time. We
previously reported the results for physical activity recommen-
dations.?® In the current study, several of the boys met at least
1 of the 2 recommendations; however, almost 50% of the boys
did not meet either recommendation. In comparison, just over
33% of the girls failed to meet both cutpoints. This is likely
because the girls watched less TV and especially spent less
time playing VGs than the boys. These data are very similar
to those reported from other studies;*?"?® for example, in a
sample of 430 third- to fifth-grade children, 29% of the girls
had < 2 hours of total screen time daily, compared with only
13% of the boys.15

A strength of the current study is its unique design,

which simultaneously examined the influence of 2 common
risk factors for child overweight using established guidelines
supported and advocated by pediatricians. Even though clin-
ical guidelines are generated using existing evidence, reaffirm-
ing these guidelines through independent analysis can provide
practical information for clinicians, researchers, and policy
makers.” In addition, given the multifactorial nature of child-
hood obesity, investigating multiple risk factors simulta-
neously is often necessary to gain better insight into the
complexity of this disorder.

Given the cross-sectional design of the current study, it
is not possible to discern whether not meeting a current
recommendation is the cause or the outcome of weight status.
A prospective cohort study would allow for the determination
of the future risk of being overweight in children who do not
meet these recommendations at baseline and throughout the
study period. Another limitation of this study is the self-
reporting measure of TV, VG, and total screen time. Objec-
tive monitoring of screen time was not feasible. However, in
the present sample, children reported spending approximately
20 hours per week watching TV and an additional 8 hours per
week playing VGs. Combining the TV and VG times yields
an approximate average of 28 hours per week of screen time.
This is similar to the most recent published national average
of 30.6 hours per week of screen time for 8- to 10-year olds.*’
One other limitation of the current study is the wide confi-
dence intervals associated with the point estimates of the
logistic regression. Large confidence intervals indicate de-
creased accuracy of the prediction and are due in part to the
small number of overweight children in some of the physical
activity/screen time groups, particularly the referent groups.
But the confidence intervals likely are also due to the variation
in the relationships among physical activity, screen time, and
BMI (ie, childhood overweight is associated with more factors
besides physical activity and screen time behaviors). Relatively
few of the children who complied with both the physical
activity and screen time recommendations were overweight.
Screen time and physical activity appeared to be equivalent
risk factors in the boys, even though in the girls physical
activity was more strongly associated with BMI. Testing these
recommendations in an independent sample indicates the
utility of the current recommendations and the relationship
between these behavioral risk factors and childhood obesity.
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