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Abstract
Objective—To assess the effects of reducing television viewing and computer use on children’s
body mass index (BMI) as a risk factor for the development of overweight in young children.

Design—Randomized controlled clinical trial.

Setting—University children’s hospital.

Participants—Seventy children aged 4 to 7 years whose BMI was at or above the 75th BMI
percentile for age and sex.

Interventions—Children were randomized to an intervention to reduce their television viewing
and computer use by 50% vs a monitoring control group that did not reduce television viewing or
computer use.

Main Outcome Measures—Age- and sex-standardized BMI (zBMI), television viewing, energy
intake, and physical activity were monitored every 6 months during 2 years.

Results—Children randomized to the intervention group showed greater reductions in targeted
sedentary behavior (P < .001), zBMI (P < .05), and energy intake (P < .05) compared with the
monitoring control group. Socioeconomic status moderated zBMI change (P = .01), with the
experimental intervention working better among families of low socioeconomic status. Changes in
targeted sedentary behavior mediated changes in zBMI (P < .05). The change in television viewing
was related to the change in energy intake (P < .001) but not to the change in physical activity (P = .
37).

Conclusions—Reducing television viewing and computer use may have an important role in
preventing obesity and in lowering BMI in young children, and these changes may be related more
to changes in energy intake than to changes in physical activity.
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Television viewing is cross-sectionally and prospectively related to obesity in children.1,2
There is limited research assessing the effect of reducing television viewing on the development
of obesity.3–5 School-based interventions have shown that reducing television viewing in
third- and fourth-grade students slowed the increase in body mass index (BMI) (calculated as
weight in kilograms divided by height in meters squared)3 and that reduction in television
viewing was related to success of a multicomponent obesity prevention program.4 Reducing
television viewing in preschool children was associated with a reduction in parent-reported
television viewing, but no changes in BMI were observed.5 Little research has involved
children aged 4 to 7 years as they transition into their early school years.

For editorial comment see page 283

Reducing sedentary behavior could affect body weight by modifying energy intake or energy
expenditure in several ways. Television viewing is related to consumption of fast food6 and
foods and beverages that are advertised on television.7 Viewing cartoons with embedded food
commercials can increase choice of the advertised item in preschoolers,8 and television
commercials may prompt eating.9–11 Television viewing or related sedentary behavior may
prompt eating by the association of these behaviors with eating, and television viewing and
related behavior may impair the development of satiety by interfering with habituation to
gustatory and olfactory cues.12–15 Reducing television viewing decreased energy and fat
intake in lean adolescents.16 Television viewing and related sedentary behavior can compete
with physical activity, lowering energy expenditure.11,17,18 When sedentary behavior is
reduced, children may choose to engage in other sedentary behavior or to reallocate time to be
more physically active,19–22 although the reallocation depends on child characteristics.23

The primary objective of this study was to determine the effects of reducing television viewing
and computer use on age- and sex-standardized BMI (zBMI) changes in a sample of children
aged 4 to 7 years who were at or above the 75th BMI percentile. Because BMI is positively
associated with chronic disease risk factors in children24 and because childhood BMI predicts
adult BMI,25 these young at-risk children are an appropriate target group for prevention
programs. Secondary aims were to assess the effects of television viewing on energy intake
and on energy expenditure. The study was approved by the Social and Behavioral Sciences
Institutional Review Board at the State University of New York at Buffalo.

METHODS
PARTICIPANTS

Families were recruited through newspaper advertisements, flyers, and direct mailings
targeting families with children aged 4 to 7 years. Inclusion criteria were a child aged 4 to 7
years at or above the 75th BMI percentile for age and sex,26 participation in at least 14 hours
of television viewing and computer game playing per week in the primary household, no
medical conditions that prevented or interfered with regular physical activity, unlimited access
to television or television-related sedentary activities, and family agreement to have television
monitoring devices (TV Allowance; Mindmaster Inc, Miami, Florida) attached to every
television and computer monitor in the home for the duration of the study.

PROCEDURES
After completing a telephone screen, families attended an orientation, and, if interested, parents
read and signed the informed consent and then completed a questionnaire that assessed the
numbers of televisions, television video game units, VCR and DVD players, and computers
in the home. Approximately 1 week later, a TV Allowance was attached to each television and
computer monitor in the home by a research assistant (D.D.W. or J.H.F.), who recorded the
numbers of televisions and computers and their locations in the home. The TV Allowance is
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an automated device that controls and monitors the use of televisions or computer monitors,
including television, video game systems, DVD players, VCRs, and computers. The appliance
was plugged into the TV Allowance, the plug was locked in, and the device was plugged into
the wall. To turn on the television or computer monitor, each family member used an
individually selected 4-digit code. To protect against the participating child watching television
or playing a computer game on other family members’ time, the participating child was not
informed of the codes of other family members. If the child learned the codes of another family
member, these codes were changed. The TV Allowance sums the minutes of use for each code
to objectively determine use of that device.

Baseline television and computer use was measured during a 3-week period. Seventy families
met eligibility criteria and were randomized into intervention and control groups (Figure 1).
Families were recruited in cohorts, were stratified by child sex, and were randomized by the
study statistician (R.A.P.) in blocks of 2 without replacement using a random number generator
limited to 2 numbers. Group assignments were provided to the project coordinator (J.L.R.).

Study staff (D.D.W. and J.H.F.) set the weekly time budgets for television viewing, computer
use, and associated behaviors. Budgets were reduced by 10% of their baseline amount per
month for children in the intervention group until the budget was reduced by 50%. When the
budget was reached, the television or computer monitor could not be turned on for the
remainder of the week. Study staff could set different amounts of time for each child in a
household, if desired, to reduce conflict if another child was not on the program. Parents and
non-participating family members could use their code to watch television or to use computers
without being on a budget.

Children in the intervention group earned $0.25 for each half hour under budget,upto$2.00 per
week .Parents were instructed to praise the participating child for reducing television viewing
and for engaging in alternative behaviors. Decreases were also re-inforced by a star chart. At
each home visit, a study staff member reviewed the star chart and praised the child for the
number of stickers earned. When the child reached the 50% decrease at 6 months, the star
charts were discontinued, and changes were supported through monthly newsletters and by
parent al praise for behavior change. The intervention group received ideas for alternatives to
sedentary behavior, a tailored monthly newsletter with parenting tips to reduce sedentary
behavior, and information about how to rearrange the home environment to reduce access to
sedentary behavior. Children in the control group were provided free access to television and
computers and received $2.00 per week for participating, independent of their behavior change.
Control families received a newsletter to provide parenting tips, sample praise statements, and
child-appropriate activities and recipes.

MEASURES
Television and computer time were measured using the TV Allowance. Body mass index was
calculated based on weight measured using a digital or calibrated balance beam scale and height
measured using a calibrated stadiometer. The zBMI was calculated using age- (to the nearest
month) and gender-specific median, standard deviation, and power of the Box-Cox
transformation (LMS method).26 Physical activity was monitored using an activity monitor
(ActiGraph; ActiGraph, LLC, Pensacola, Florida), a unidirectional accelerometer validated for
children.27–29 Physical activity was recorded in 1-minute epochs on 3 randomly selected
weekdays from after school until bedtime and all day for 1 randomly selected weekend day.
The mean counts per minute during the 4 days was the measure of physical activity. Energy
intake (in kilocalories per day) was measured for the month before the assessment using a
validated30 85-item food frequency questionnaire completed by the participating parent. The
numbers of televisions, computers, and pieces of exercise equipment were measured by
interviews with the participating parent and child, as were the characteristics of the
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neighborhood environment (including distance in miles to the nearest park or playground,
number of activities the child engaged in per week in the neighborhood environment, and
perceived safety of the neighborhood on a scale of 1 to 5 [1, unsafe; 5, very safe]).
Socioeconomic status (SES) was measured using the Four Factor Index of Social Status by
Hollingshead,31 which provides a continuous measure based on parental occupation and
education.

DATA ANALYSIS PLAN
t Tests and χ2 tests were used to assess comparability of groups. Mixed-effects regression
models (MRMs) were used to assess zBMI, television viewing, energy intake, and physical
activity over time. The MRMs do not assume compound symmetry but use separate estimates
of variance at each measurement, which is important because variability often increases as
follow-up is extended, and MRMs use all available data.32 The models for targeted sedentary
behavior, energy intake, and physical activity included group, SES, and child age and sex as
time-invariant fixed effects, as well as a random intercept. Child age and sex were excluded
from the zBMI model because the zBMI values were standardized for age and sex. The usual
pattern of change in behavioral studies is a decrease during the initial phases of intervention,
followed by maintenance of change or relapse. To capture these patterns of change, linear
(months) and quadratic (months×months) interactions with group were tested. Linear and
quadratic interactions with group were evaluated for improvement of fit for the overall model
by 2-tailed log likelihood tests using 2 df. If adding the quadratic term did not improve the fit
of the model, it was not included to test the interaction of group × months. Group × months
interactions were explored by examining between-group differences from baseline to 6, 12,
18, or 24 months.

Three families moved out of state during the 2-year measurement period, so the primary
analysis was based on 67 of 70 families (96%). Complete data were available for 66 of 67
families because 1 family withdrew before the 2-year follow-up, but all available data were
included in the MRM analysis. The primary analysis was based on families who did not move
because families who moved could not be provided with the intervention, as it required
implementation of the TV Allowance and regular home monitoring. Intent-to-treat MRM
analyses were also completed, including the 3 families who moved.

The MRMs were used to evaluate moderators, mediators of outcome, and nonspecific
predictors.33 Moderators are baseline variables that differentially predict outcomes of the
groups and were evaluated by the interaction of group × potential moderator × months (linear
and quadratic models as appropriate). Potential moderators included sex, age, SES, energy
intake, physical activity, baseline levels of targeted sedentary behavior, and the numbers of
televisions and computers in the home and in the child’s bedroom. Moderators were chosen to
represent baseline characteristics that could affect change but were not based on specific
theoretical hypotheses.

Mediators are variables that differentially change between groups, and the differential change
is related to change in the dependent variable. Only time-variant predictors that show between-
group differences can be considered mediators, and these were tested by the interaction of
group × potential mediator × months (linear and quadratic models as appropriate).

Nonspecific predictors are baseline or time variant variables that predict change in the
dependent variable but do not interact with the group. Nonspecific predictors included variables
assessed as moderators and mediators. The MRMs are particularly useful for studying
mediators or nonspecific predictors over time because the MRM allows for time-variant
(repeated) measures as independent and dependent variables.
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The MRMs were used to estimate the elasticity between changes in television viewing and
physical activity or energy intake. Elasticity is an economic construct that represents the
relationships between proportional changes in television viewing and physical activity or
energy intake. Elasticity coefficients are determined using log values in the regression models.
34,35 The finding of a statistically significant positive relationship suggests that the 2 behaviors
are complements. For example, energy intake would be a complement to television viewing
and computer game playing if there was a statistically significant positive relationship between
the change in television and computer use and energy intake. The finding of a statistically
significant negative relationship suggests that the 2 behaviors are substitutes. Physical activity
would be considered a substitute for watching television or playing computer games if physical
activity increased in association with a reduction in television viewing and computer game
playing.

Sample size estimates were based on research about the effects of reducing sedentary behavior
on BMI changes.3 We estimated that with 30 subjects per group we had 80% power to detect
a standardized effect size (Cohen d) of at least 0.23 at a 2-sided α level of .05 for the primary
outcome variable of zBMI using a repeated-measures analysis of variance with 5 repeated
measures (0, 6, 12, 18, and 24 months). Analyses were performed using commercially available
software (SYSTAT 11.0; Systat Software, Inc, Richmond, California).36

RESULTS
There were no statistically significant differences in baseline characteristics among the
participants (Table). Fifty-six of 70 children (80%) were above the 85th BMI percentile, and
31 of them (44%) were above the 95th BMI percentile.

In the control group, the mean (SEM) number of hours of television viewing and computer
games declined by −5.2 (11.1) hours per week at 24 months (Figure 2). In contrast, the mean
(SEM) number of hours of television viewing and computer games in the intervention group
declined by −17.5 (7.0) hours per week at 6 months and remained about the same through 24
months (P<.001 for group × months interaction). Statistically significant between-group
differences (P<.001) were observed at 6 through 24 months.

A statistically significant interaction of group × months was observed for zBMI (P<.05), as
zBMI decreased a mean (SEM) of −0.24 (0.32) at 24 months for the intervention group, while
the control group demonstrated a mean (SEM) zBMI increase of 0.05 (0.29) at 6 months, a
return to baseline at 12 months, and a gradual mean (SEM) zBMI decrease of −0.13 (0.37) at
24 months after baseline (Figure 3). Statistically significant between-group differences were
observed from baseline to 6 months (P=.02) and 12 months (P=.03).

Energy intake data showed a greater reduction for the intervention group than for the control
group (P < .05), with statistically significant between-group differences from baseline to 18
months and 24 months (P = .047) (Figure 4). No statistically significant between-group changes
over time were observed for changes in physical activity, as the control group demonstrated
mean (SEM) changes in physical activity counts per minute of 43.7 (302.2), 7.8 (316.9), −23.5
(262.4), and −62.7 (189.7) at 6, 12, 18, and 24 months, respectively, while the intervention
group demonstrated mean (SEM) changes in physical activity counts per minute of 36.2
(381.3), 63.7 (288.8), 111.8 (603.0), and 31.4 (275.4) at the same time points, respectively.

Socioeconomic status was a statistically significant moderator of zBMI change (group × SES
× months; P = .01) (Figure 5). This effect was explored by dividing the sample based on SES
into 2 groups at the mean SES and by examining changes in zBMI by group. For the low SES
group, statistically significant between-group differences were observed from baseline to 6
months (P = .002), 12 months (P = .02), 18 months (P = .04), and 24 months (P = .05), while
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no statistically significant between-group differences in zBMI change were observed for the
high SES group. Tele vision and computer use mediated the effect of group on zBMI values
over time (group ×targeted sedentary behavior×months; P < .05). Baseline zBMI was a
nonspecific predictor of zBMI change (coefficient, 0.008; P < .001), with lower zBMI baseline
values associated with greater change. However, care should be used in interpreting the
direction of the relationship between baseline zBMI values and zBMI change over time because
of the distribution of zBMI values.37 Log changes in targeted sedentary behavior were
complemented by log changes in energy intake (coefficient [SE], 0.10 [0.03]; P < .001), while
physical activity was not a substitute for targeted sedentary behavior (coefficient [SE], −0.03
[0.03]; P = .37).

COMMENT
This randomized controlled trial showed a statistically significant and sustained reduction in
television viewing and computer use that was associated with decreases in zBMI for children
whose BMI was at or above the 75th percentile for age and sex. Results of the mediator analyses
suggest that zBMI changes were mediated by targeted sedentary behavior changes. Our
findings show that television viewing and computer use can be modified in young children
using behavioral engineering technology that provides parental control over a child’s screen
time budget while giving the child the opportunity to choose how to spend this budget.

The trend for zBMI in the intervention group was a gradual reduction during the 2 years of
observation, while the control group demonstrated an increase followed by gradual decreases.
Differential changes from baseline to 6 and 12 months were statistically significant. The largest
zBMI difference between groups was −0.19 at 6 months, which decreased to −0.13, −0.10, and
−0.11 at 12, 18, and 24 months, respectively. Although the changes were modest, a small effect
of this simple and inexpensive intervention (approximately $100 for each TV Allowance)
magnified across the population may produce important reductions in the prevalence of obesity
and obesity-related comorbidities.38

The changes in zBMI were moderated by child SES, with the intervention working best for
families of lower SES. Children from families of higher SES showed reductions in zBMI
whether they were in the intervention group or the control group. Families of lower SES showed
large and sustained zBMI differences between the intervention and control families throughout
the 2 years of measurement of −.0.17, −0.20, −0.17, and −0.26 at 6, 12, 18, and 24 months,
respectively. The observation that the intervention worked better for families of lower SES
than of higher SES is important because children of low SES are at greater risk of becoming
obese adults than children of higher SES.39,40 Perhaps families of higher SES were more
aware than families of lower SES of information linking television viewing to weight in
children, and perhaps families of higher SES had the familial resources and parenting skills
needed to modify television viewing without use of the TV Allowance. No differences in family
characteristics between groups of lower SES vs higher SES were found, including no
differences in the breakdown among families of minority races/ethnicities in the lower (22.6%)
and higher (22.2%) SES groups. Future re search should explore differences between SES
groups that may mediate these effects.

Changes in energy intake, but not changes in physical activity, were differentially related to
changes in the targeted sedentary behavior. Reducing television viewing could affect energy
intake by minimizing cues to eat and by decreasing exposure to television advertising.6–11
Patterns of change in energy intake16 and physical activity23 were consistent with findings of
experimental research in which targeted sedentary behavior was modified in older children. If
the intervention works primarily by complementary changes in energy intake, then youth who
eat while watching television would benefit more from the intervention. Previous research
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showed that decreases in energy intake were not observed for youth who infrequently ate in
association with television viewing, while a decrease in energy intake of more than 600 kcal
was observed for youth who ate in association with television viewing for at least 50% of their
eating episodes.16 Television viewing reduction technology can also be used as part of a
comprehensive obesity treatment program.19,41 The association of television viewing with
eating supports the need to explore the reduction of television advertising as a way to avoid
overeating and obesity in youth.42

The behavioral engineering technology of the TV Allowance may simplify the modification
of child television viewing. It is possible that family rules regarding television viewing could
have similar effects, but there may be important differences in technology vs parental control.
Using technology to modify television viewing eliminates parental vigilance needed to enforce
family rules and reduces the disciplinary action needed if a child exceeds his or her sedentary
behavior limits. Perhaps most important, the device puts the choice of when to watch television
in the child’s control, as opposed to a rule such as no television time until homework is
completed. Although the TV Allowance and family rules can reduce sedentary behavior, there
may be child differences in the perception of control that may relate to intervention
effectiveness.

The TV Allowance was placed on all televisions and computers in the home. Without this
technology, there would be additional parental demands to monitor use, especially in the case
of televisions in children’s bedrooms. Placement of a television in a child’s bedroom may
increase the risk of obesity more than televisions in family spaces43 and may make parental
monitoring difficult.44

The intervention used in children aged 4 to 7 years is applicable to older children. It has
previously been shown that the TV Allowance can be used to reduce home television viewing
and computer use among older children and adolescents just as among younger children in the
present study.3,16,45,46 A major difference is that older children may have more opportunities
to visit friends and to accumulate additional television viewing and computer use at friends’
homes.

This study included children who were at or above the 75th BMI percentile; therefore, the
results cannot be generalized to the prevention of at-risk children who were less overweight.
Data on use of the television and computer, such as to entertain children or for educational
purposes, may provide insight into how reducing television and computer use moderated the
effects of the intervention among families of lower SES. There were limitations to the
measurement of television viewing and energy intake. The TV Allowance accumulates
television time until it is reset but does not provide downloadable information about when the
television is watched. Energy intake data were collected using a food frequency questionnaire
that assesses eating during the past month. Food diaries would be more labor intensive for
subjects, but they would provide a detailed assessment of how television viewing affects
behaviors that influence energy balance and body weight.

These results show that changes in the home environment may be important targets for reducing
BMI in children and that the home environment as arranged by parents may contribute to the
risk of pediatric obesity.47 In addition to complementary changes in energy intake that may
accompany reductions in television viewing,16 an environment in which parents provide easy
access to fruits and vegetables is related to children’s fruit and vegetable consumption,48 and
parent and sibling models can maximize occasions to teach healthy eating habits to young
children.49 There may be unique advantages to environmental manipulations that modify the
shared family environment, including television and computer use, in which children develop
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positive behaviors that provide the basis for lifetime good eating and physical activity habits
and a healthy body weight.
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Figure 1.
Overview of study flow.
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Figure 2.
Reduction from baseline in targeted sedentary behavior (television viewing and computer use)
for the intervention and control groups over time. A statistically significant difference in the
rate of change by group was observed (P < .001). Data are given as mean (SEM).
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Figure 3.
Reduction in age- and sex-standardized body mass index (zBMI) values relative to baseline
for the intervention and control groups over time. A statistically significant difference in the
rate of change in zBMI by group was observed (P < .05). Data are given as mean (SEM).
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Figure 4.
Reduction in energy intake for the intervention and control groups over time. A statistically
significant difference in the rate of change in energy intake by group was observed (P < .05).
Data are given as mean (SEM).
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Figure 5.
Change in age- and sex-standardized body mass index (zBMI) values relative to baseline for
the intervention and control groups over time. A statistically significant difference in the rate
of change in zBMI by group for families divided into lower (A) and higher (B) socioeconomic
status (SES) was observed (P = .01). Data are given as mean (SEM).
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Table
Characteristics of Participants

Characteristic Control Group (n = 34) Intervention Group (n = 36)
Age, mean (SD), y 6.1 (1.3) 5.8 (1.2)
Male to female ratio 18:16 19:17
BMI (SD) 19.1 (3.5) 19.3 (2.5)
Age- and sex-standardized BMI, mean (SD) 1.51 (0.57) 1.69 (0.58)
Television viewing and computer use, mean (SD), h/wk 26.1 (10.1) 24.2 (10.8)
Physical activity counts per min, mean (SD)a 783.5 (249.1) 757.0 (256.4)
Energy intake per day, mean (SD), kcal 1562.6 (474.0) 1551.4 (515.3)
Socioeconomic status, mean (SD)b 42.0 (13.0) 44.3 (10.6)
Minority race/ethnicity, No. (%)c 9/34 (27) 8/36 (22)
Home environment, No. (%)
 Televisions 2.9 (1.4) 2.9 (1.2)
 Computers 1.0 (0.6) 1.1 (0.6)
 Pieces of home exercise equipment, mean (SD) 1.4 (1.2) 1.8 (1.1)
Neighborhood environment, mean (SD)
 Blocks to nearest park or playground 3.7 (2.8) 3.3 (2.2)
 Activities per wk in the neighborhood 6.6 (3.6) 6.4 (3.8)
 Perceived safety on a scale of 1 (safe) to 5 (dangerous) 3.4 (1.5) 3.9 (1.2)
Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).

a
Based on accelerometer counts per minute.

b
Based on parental occupation and education.

c
Includes families of Hispanic, African American, Native American, and multiple races/ethnicities.
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