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Abstract

Background: There is a need for more longitudinal studies investigating the associations between screen-based
sedentary behaviors (SB), dietary behaviors and leisure-time physical activity (PA).

Methods: In the HEIA cohort study, 908 children were followed from age 11 to age 13 (September 2007 – May
2009). The children self-reported their intake of fruits, vegetables, soft drinks with sugar and snacks. TV/DVD use,
computer/game use and leisure-time PA were also self-reported. Multilevel generalized linear mixed model analysis
was used to assess longitudinal associations between the screen-based SB and each of the two other behaviors.

Results: Twenty-month changes in TV/DVD use and computer/game use were positively associated with changes
in the consumption of soft drinks with sugar and unhealthy snacks in the same period; and inversely associated
with change in vegetable consumption. Change in computer/game use was also inversely related to change in fruit
consumption. An inverse but non-substantive association was found between change in TV/DVD use and change
in leisure-time PA. Change in computer/game use was not significantly associated with change in leisure-time PA.

Conclusions: Changes in screen-based SB were associated with multiple unfavorable changes in dietary habits,
although the associations were weak. These associations need to be further investigated in intervention/
experimental studies, to assess whether changing screen-based SB will result in clinically relevant changes in dietary
behaviors. However, the findings of this study suggest that screen-based SB and leisure-time PA are largely
independent behaviors which should be addressed separately in health promotion activities.

Keywords: Children, Adolescents, Sedentary behaviors, Screen time, Dietary behaviors, Physical activity,
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Introduction
Several reviews of cross-sectional, longitudinal and ex-
perimental studies indicate that SB play a role in the de-
velopment of overweight/obesity in children, and that
reducing SB might help reduce overweight/obesity [1-7].
Differences in this relationship across sex and type of SB
investigated have been reported in some of the reviews
[2-4]. The magnitude of this association has also been
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described as small [2]. Suggested mechanisms linking SB
to overweight/obesity include the associations between
SB and 1) dietary behaviors and 2) physical activity (PA)
[5]. These associations can be explored cross-sectionally.
However, such an approach does not allow for the explor-
ation of temporal relationships; adopting a longitudinal
approach helps address this weakness. The presence of
longitudinal associations might imply that targeting one
behavior might help improve or worsen the other beha-
vior, depending on directions of association.
SB such as television (TV) viewing are believed to

be associated with dietary behaviors through several
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mechanisms. One of these is the influence of food adver-
tisements on food choice and intake [5,8-10]. The con-
sumption of highly advertised foods might in turn lead to
the replacement of less advertised foods such as fruits and
vegetables. SB such as TV, computer or game use are also
found to serve as dishabituators or distractors. This dis-
ruption of habituation to food cues leads to overeating
and thereby to an increase in energy intake [11,12]. A re-
cent systematic review highlighted the existence of con-
sistent associations between SB and unfavorable dietary
behaviors in all age groups [13]. Nonetheless, most of the
studies included were cross-sectional and TV viewing was
the predominantly assessed SB. A need for more longitu-
dinal studies investigating the association between dietary
behaviors and SB, and a need for inclusion of SB other
than TV use were expressed [13].
The other potential mechanism relating SB with body

weight is the possibility of SB displacing PA [5]. The
evidence in support of this hypothesis is however con-
flicting. Whereas several studies have shown an inverse
relationship between screen-based SB and PA [14-17],
other studies, including a large meta-analysis indicated
that the relationship is weak, making its practical signifi-
cance limited [2,18-20]. Other studies documented no as-
sociations between SB and PA during adolescence [21-24].
Much of the evidence to date is however derived from
cross-sectional studies.
The aim of the present study was to assess the longitu-

dinal associations between SB (TV/DVD use and com-
puter/game use) and 1) dietary behaviors (intake of soft
drinks with sugar, unhealthy snacks, fruits and vegeta-
bles) and 2) leisure-time PA, over a period of 20 months
among Norwegian children in the transition phase bet-
ween childhood and adolescence.

Methods
Design and sample
The participants in the HEIA cohort study are students
from 25 control schools of the HEalth In Adolescents
(HEIA) intervention study [25]. A total of 177 schools
Table 1 Dietary intakes, TV/DVD and computer/ game use an
children

BL

n Mean CI

Fruits (times/wk) 896 9.81 9.36, 10.2

Vegetables (times/wk) 881 11.05 10.42, 11.6

Soft drinks with sugar(dl/wk) 861 5.29 4.90, 5.69

Snacks (times/wk) 870 3.11 2.90, 3.31

TV/DVD use (hrs/wk) 889 11.55 11.10, 11.9

Computer/game use (hrs/wk) 882 8.64 8.22, 9.06

Leisure-time PA (hrs/wk) 877 5.97 5.72, 6.23

Snacks include candies/chocolate and salty snacks.
were invited, and 37 schools accepted the invitation.
Schools were included in this study if they had a mini-
mum of 40 enrolled pupils in the 6th grade. Schools were
thus recruited from the largest towns/municipalities in
seven counties from the Eastern part of Norway. Schools
were identified from the website of The Norwegian Dir-
ectorate for Education and Training. Twenty five of the
schools were randomly assigned to the control group
and twelve to the intervention group.
All 6th graders in the 25 control schools included in

this study and their parents/legal guardians were invited
to participate in the baseline (BL) study which took pla-
ce in September 2007. Parental consent was obtained for
1014 children from these schools, with a rate of parental
consent of 73%. A total of 975 students (96% of the 1014
returning parental informed consent) from these schools
participated at BL. A follow-up (FU) was conducted in
May 2009. A total of 908 students participated at both
time points. The number of participants who replied to
the questions assessing SB, dietary behaviors and leisure-
time PA at both time points is shown in Table 1. Ethical
clearance was obtained from the Regional Committees
for Medical Research and the Norwegian Social Science
Data Service.

Data collection
The children answered an internet-based questionnaire
over a period of approximately 45 minutes. The children
were taken to separate computer rooms in their schools
in groups. Research assistants were present to answer
questions, resolve technical problems and ensure that
children replied independently from each other.

Measures
Sedentary behaviors
Four questions with pre-coded answer categories were
asked to assess usual TV/DVD use and usual use of com-
puter/electronic games: How many hours do you usually
watch TV and/or DVD on a normal weekday? The same
question was asked for a normal weekend day. The answer
d leisure-time physical activity among Norwegian

T2 Change

Mean CI Mean CI

6 9.55 9.10, 9.99 −0.26 −0.74, 0.22

9 10.50 9.92, 11.09 −0.55 −1.24, 0.15

6.12 5.68, 6.56 0.83 0.40, 1.26

3.50 3.28, 3.71 0.39 0.14, 0.64

9 13.41 12.94, 13.88 1.86 1.38, 2.34

10.61 10.14, 11.09 1.97 1.48, 2.47

6.91 6.66, 7.15 0.93 0.67, 1.19
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categories were (recoding in brackets): half hour or less
[0.5], one hour [1], two hours [2], three hours [3], four
hours [4], five hours or more [5]. The two questions on
computer/ electronic game use were formulated in the
same way as for TV/DVD, but the answer categories were:
no playing [0], half hour or less [0.5], one hour [1], two
hours [2], three hours [3], four hours or more [4]. Weekly
scores for TV/DVD and computer/electronic games were
calculated by summing hours reported for an average
weekday (multiplied by five) and average weekend day
(multiplied by 2).
Adequate test-retest reliability for these SB measures

has previously been documented [26].

Dietary behaviors
Consumption of fruits and vegetables (raw and cooked)
was assessed using the following questions: “How often
do you usually eat fresh fruit?”, “How often do you usu-
ally eat raw vegetables?” and “How often do you usually
eat cooked vegetables?” There were eight response cate-
gories ranging from never/seldom to three times per day
or more. The questions assessing intake of fruits and ve-
getables were validated among 11-year-olds with a 7-day
food record as the reference method, and were found to
have a satisfactory ability to rank subjects according to
their intake of fruits and vegetables [27].
Frequency of consumption of snacks (sweet snacks

(candies/chocolate) and salty snacks (potato chips, pop-
corn etc.)) was assessed using two questions with seven
response categories ranging from never/seldom to two
times per day or more; frequencies of consumption of
sweet snacks and salty snacks were added to create a
total snack intake variable.
Intake of soft drinks with sugar during weekdays was

assessed using a frequency question (with response cat-
egories ranging from never/seldom to every weekday);
and a question assessing amount in glass (with response
categories ranging from one to four or more). The chil-
dren were informed that ½ liter = 3 glasses; one glass
was then converted to 1.67 deciliters. Frequency and
amount were multiplied to get a weekday consumption
measure. The children were also asked about the
amount of soft drink with sugar consumed in the week-
ends using questions with response categories ranging
from never/seldom to 7 glasses or more. When a range
was provided, mid-points were used while recoding.
Weekday and weekend values were summed up to create
a weekly intake variable. The questions assessing the in-
take of soft drinks with sugar have been validated among
9- and 13-year-olds using a 4-day precoded food diary as
the reference method, and moderate Spearman correl-
ation coefficients were obtained [28]. However, separate
assessment of weekday and weekend intake was not
made in the validation study.
Adequate test-retest reliability for all the measures of
dietary behavior has also previously been documented
[29].

Leisure-time physical activity
Leisure-time PA was assessed using the questions: “On
weekdays, after you have left school, how often do you
work out, play, and engage in sports/physical activity
(e.g. ball games, skiing, dance, and gymnastics, playing
outside)?” The answer categories were: Never or almost
never, 1–2 times per week, 3–4 times per week, 5–6
times per week, 7–8 times per week, 9–10 times per
week. Duration was assessed using the question: “When
you work out, play, engage in sports/physical activity
after you have gone from school, how often are you ac-
tive every time (on average)?” The answer categories
were: less than 20 minutes, 20–40 minutes, 41minutes-
1hour, more than 1 hour. Similar questions were asked
for weekends. “During weekends, how often do you work
out, play, engage in sports/physical activity (includes ac-
tivities in sports clubs, youth club, scouts, walks in the
woods)”. The answer categories were: almost never or
never, 1 time per weekend, 2 times per weekend, 3–4
times per weekend, 5–6 times per weekend. Duration was
assessed in a similar manner as for weekdays. Recoding
was done using mid-points when a range was provided.
Frequency and duration were multiplied to obtain a meas-
ure of total leisure-time PA. Weekday and weekend values
were summed up to create a weekly leisure-time PA
variable.
The questions used to assess leisure-time PA were based

and modified from a previously validated self-reported
questionnaire [30]. A test-retest reliability coefficient of
0.69 was obtained for the weekly leisure-time PA measure.
Due to their empirical and theoretical associations with

the different health behaviors explored, gender, paren-
tal education and weight status were adjusted for in
all analyses.
Parental education was gathered as part of the parental

informed consent for the adolescent. It was categorized
into: low (12 years or less), medium (between 13 and 16
years) and high (more than 16 years). Educational status
of the parent with the longest education or else the one
available was used in the analyses.
Body mass index (BMI) was calculated as weight/

height2. Weight and height were objectively measured
by same sex project staff. The age and gender specific
BMI cut-off values proposed by the International Obe-
sity Task Force were used in order to categorize the ado-
lescents into non-overweight and overweight/obese [31].

Statistical analysis
Mean values were calculated for the outcome measures
at BL and FU. Change between these time points was
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also computed, by subtracting FU values from BL values
(FU-BL). In order to assess the longitudinal associations
between SB, dietary behaviors and leisure-time PA, multi-
level generalized linear mixed model analysis, which ac-
counts for the clustering of students within schools, was
used.
Adjusted associations of change in TV/DVD use and

change in computer/electronic game use with change in
dietary behaviors were estimated in a set of regression
models. Changes in dietary behaviors were used as out-
come variables in these sets of regression analyses; change
in TV/DVD use and change in computer/game use were
used as predictors. Baseline TV/DVD use and baseline
computer/game use were also included in the respective
models. Adjustment for gender, BL weight status, parental
education and BL values of the dietary behaviors was
made. Adjustment for these BL values allows for the cor-
rection of the phenomenon of regression to the mean
[32], as BL values were found to be significantly associated
with FU values.
Adjusted associations of change in the SB with change

in leisure-time PA were assessed using a set of regression
analyses with change in leisure-time PA as outcome and
change in TV/DVD use and computer/game use as pre-
dictors. Baseline TV/DVD use and baseline computer/
game use were also included in the respective models. Ad-
justment for gender, parental education and weight status,
as well as for BL leisure-time PA was done.
In addition, to account for correlations between change

in TV/DVD use and change in computer/game use,
change in TV/DVD use was included as a covariate
in models where change in computer/game use was
used as predictor and vice versa.
All statistical analyses were performed by IBMW SPSSW

Statistics, version 19.0 (IBM Corp., Somers, New York,
USA).

Results
The mean age at BL was 11.2 y (SD = 0.3, range =
10.5−12.5). Of the participants included, 48% were
Table 2 Longitudinal associations between TV/DVD use and d
children

Change in fruit
consumption (times/wk)

Change in vegetable
consumption (times/wk)

Est C.I Est C.I

1 −0.05 −0.12, 0.01 −0.13 −0.22, −0.03

2 −0.12 −0.19, −0.05 −0.19 −0.29, −0.10

N varies between 808 and 831.
Est= estimate, C.I. = confidence interval.
Multilevel generalized linear mixed model analysis, the estimates indicate the chang
TV/DVD use over 20 months.
2. an hour increase in television viewing at baseline.
All changes are weekly changes.
Adjustment for BL consumption of the respective food items, gender, weight status
females. The proportion of children with parents with
high education was 33% and that of children with parents
with medium education was 36%. At BL, 14.5% of the
children were found to be overweight/obese (data not
shown).
The mean values at both time points and changes be-

tween the time points in the SB, dietary behaviors and
leisure-time PA are presented in Table 1.
Longitudinal associations between SB and dietary
behaviors
Small but significant inverse associations between change
in TV/DVD use and change in vegetable consumption
over 20 months were found in the regression analyses.
The association between change in TV/DVD use and
change in fruit consumption was also inverse but non-sig-
nificant. Similarly, small but significant positive associa-
tions were found between change in TV/DVD use and
change in soft drink with sugar consumption and change
in snacks’ consumption over 20-months (Table 2). Inverse
associations between change in computer/game use and
change in fruit and change in vegetable consumption, and
positive associations between change in computer/game
use and change in soft drink with sugar consumption and
change in snacks’ consumption over 20-months were also
found (Table 3).
In addition, BL TV/DVD use was found to be inde-

pendently inversely associated with 20-month changes in
the consumption of fruits and vegetables; and to be in-
dependently positively associated with changes in the
consumption of soft drinks with sugar and snacks. Simi-
larly, computer/game use at age 11 was independently
inversely associated with changes in the consumption of
fruits and vegetables; and was independently positively
associated with changes in the consumption of soft
drinks with sugar and snacks over 20 months (Table 3).
Adjustment for PA did not significantly change the asso-
ciations between SB and the dietary behaviors and there-
fore associations unadjusted for PA are presented.
ietary behaviors over 20 months among Norwegian

Change in soft drinks with
sugar consumption (dl/wk)

Change in snack
consumption (times/wk)

Est C.I Est C.I

0.23 0.16, 0.29 0.12 0.09, 0.15

0.13 0.06, 0.20 0.07 0.03, 0.10

e in the dietary behaviors associated with: 1. an hour per week increase in

, parental education and change in computer/game use was done.



Table 3 Longitudinal associations between computer/game use and dietary behaviors over 20 months among
Norwegian children

Change in fruit
consumption (times/wk)

Change in vegetable
consumption (times/wk)

Change in soft drinks with
sugar consumption (dl/wk)

Change in snack
consumption (times/wk)

Est C.I Est C.I Est C.I Est C.I

1 −0.13 −0.19, −0.06 −0.12 −0.21, −0.03 0.14 0.08, 0.20 0.06 0.03, 0.10

2 −0.08 −0.16, −0.01 −0.15 −0.26, −0.05 0.10 0.05, 0.20 0.06 0.03, 0.11

N varies between 801 and 835.
Est= estimate, C.I. = confidence interval.
Multilevel generalized linear mixed model analysis, the estimates indicate the change in the dietary behaviors associated with: 1. an hour per week increase in
computer/game use over 20 months.
2. an hour increase in computer/game use at baseline.
All changes are weekly changes.
Adjustment for BL consumption of the respective food items, gender, weight status, parental education and change in TV/DVD use was done.
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All significant associations between screen-based SB
and dietary behaviors were significant at the 0.01 level,
except for the association between BL computer/game
use and change in fruit consumption, which was signifi-
cant at the 0.05 level.

Longitudinal associations between SB and leisure-time PA
Change in TV/DVD use was found to be inversely asso-
ciated with change in leisure-time PA over 20 months
(Table 4). This association, although statistically signifi-
cant (p=0.03), was however not substantive, with an
hour per week increase in TV/DVD use over 20 months
being associated with a 0.04 hour per week decrease in
leisure-time PA.
BL TV/DVD use was also independently inversely sig-

nificantly associated (p=0.02) with change in leisure-time
PA but this association was also not substantive.
No statistically significant association was found between

change in computer/game use and change in leisure-time
PA over 20 months (Table 4).
A separate analysis of weekday and weekend measures

was conducted as time available for SB and leisure-time
PA is different during weekdays and weekend days, and
yielded similar results (data not shown).

Discussion
The study investigated longitudinal associations between
SB and 1) dietary behaviors and 2) leisure-time PA over
Table 4 Longitudinal associations between leisure-time physi
among Norwegian children

Change in leisure time PA
related to 1-hr increase in

TV/DVD use

Change in leisure time PA
related to 1- hr increase in

baseline TV/DVD use

Ch
rela

Est C.I Est C.I E

−0.04 −0.08, −0.01 −0.05 −0.09, −0.01 −0

N varies between 816 and 823.
Est= estimate, C.I. = confidence interval.
Multilevel generalized linear mixed model analysis.
All changes are weekly changes in hrs/wk.
Adjustment for baseline leisure-time PA, baseline TV/DVD use or computer/game u
predictor was done.
a period of 20 months. Findings indicated that changes
in TV/DVD use and computer/game use during this
period were associated with unhealthy changes in dietary
behaviors; BL TV/DVD use and computer/game use
were also independently associated with undesirable chan-
ges in dietary behaviors. The association between TV/
DVD use and leisure-time PA was inverse, but not sub-
stantive. No significant association was found between
change in computer/game use and change in leisure-time
PA.
The associations between SB and dietary behaviors

found in this study are in line with those of a recent sys-
tematic review of mainly cross-sectional studies [13], in-
cluding a European cross-national cross-sectional study
with representative samples from different countries in-
cluding Norway which found TV viewing to be positive-
ly associated with the consumption of sweets and soft
drinks and inversely related to the consumption of vege-
tables [33]. The few longitudinal studies included in the
review also indicated an inverse relationship between SB
and the intake vegetables [18,34]; and a positive associ-
ation between TV viewing and the consumption of food
items such as snacks and sugar sweetened beverages
[35], which is in line with the findings of this study. This
study adds to the existing literature by extending these
findings to the use of computer/games. Inverse associa-
tions between TV use and consumption of fruits were also
documented in the aforementioned studies. However, in
cal activity (PA) and sedentary behaviors over 20 months

ange in leisure time PA
ted to 1-hr increase in
computer/game use

Change in leisure time PA related to
1-hr increase in baseline computer/

game use

st C.I Est C.I

.02 −0.06, 0.01 −0.06 −0.10, −0.02

se, gender, weight status, parental education and change in the SB not used as
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the present study, this association was non-significant,
which might be related, among other things, to the fact
that the change in fruit consumption over 20 months was
very small, making it difficult to find associations; baseline
TV/DVD use was however inversely related to change in
the consumption of fruits.
Although the associations between SB and dietary be-

haviors documented in this study are small, they have
likely been attenuated by measurement errors; and a
consistent pattern of unfavorable associations with seve-
ral dietary behaviors investigated was found. In addition,
SB at age 11 was also independently associated with the
change in the dietary behaviors investigated over 20
months. The specific mechanisms behind the association
between SB and dietary behaviors cannot be identified
from this study, and only hypotheses can be put forward.
One possibility is the exposure to advertisements which
influences children’s consumption patterns [8-10], in-
cluding through a higher responsiveness to food adver-
tising among children with higher media exposure [8].
There is a ban on advertisements aimed at children dur-
ing children’s TV programs in Norway. However, chil-
dren’s programs broadcasted from outside of Norway do
contain advertisements; the children might also watch
adult-targeted TV programs containing food adverts.
The children might also be exposed to advertisements
on the internet. The other possibility is that parents pro-
vide some types of foods that they themselves associate
with screen time to their children, starting from a young
age. According to the habit theory, once habits are
formed, automatic triggering of subsequent behavior oc-
curs upon exposure to environmental cues which nor-
mally precede the action [36]. Hence, if screen-based SB
have been repeatedly accompanied by consumption of
unhealthy food items, these SB might become automatic
cues to such dietary habits [36-38]. In a study among
adolescents in the Netherlands, Kremers et al. found that
more time spent on TV viewing is associated with a
stronger habit for soft drink intake, and found that a
quarter of the variance in habit strength of soft drink
consumption could be explained by habit strength of TV
use [37]. de Bruijn and van den Putte similarly found
that a strong habit towards TV viewing was positively
related with soft drink consumption [38]. Provision of
healthy foods during screen time by parents might help
disrupt such automatic activation of unhealthy eating
habits. The current findings imply that a decrease in SB
might result in favorable changes in dietary behaviors,
although these changes might be small.
The study lends support to the findings of several

studies, mainly cross-sectional, pointing to a lack of signi-
ficant association between SB and leisure-time PA [21-24].
The findings are however not supportive of those of other
longitudinal and cross-sectional studies indicating inverse
associations between PA and SB [14-17]. The weak longi-
tudinal association between TV/DVD use and leisure-
time PA might however indicate a possibility for some
displacement of PA by TV/DVD use, although this associ-
ation is unlikely to be clinically relevant. Measurement
errors have however likely attenuated this association. Pre-
vious studies have similarly found TV viewing to be more
strongly or more consistently inversely associated with PA
compared to other SB such as game use and computer
use [16,17]. As stated by Marshal et al., the total amount
of time per day engaged in different SB is inevitably pro-
hibitive of PA [2]; however it is possible that not all types
of PA are related to SB. In a moderator analysis in their re-
view paper, Marshal et al. found that only vigorous PA
was inversely related to TV viewing. This finding could be
real, but it could also be related to the fact that vigorous
PA is more easily recalled than moderate PA, making it
easier to find associations [2].
It has been suggested that the link between SB and

overweight/obesity is more likely to be due to associa-
tions with dietary behaviors than to associations with PA
[13]. The results of this study support this suggestion.

Limitations and strengths of the study
An important methodological issue to be taken into con-
sideration when interpreting the results of this study is
the regression dilution bias, which is a statistical pheno-
menon whereby random measurement errors in inde-
pendent variables attenuate regression coefficients [39].
As random measurement errors in the independent vari-
ables used in this study, i.e. TV/DVD use and computer/
game use exist, the weak associations found are most
probably higher than documented. Such measurement
errors can also shift results to the null [39].
The changes in dietary behaviors and leisure-time PA

over 20 months documented in this study were rather
small, which might make it difficult to find significant
associations [32]. Information about amount of consump-
tion was not available except for soft drink with sugar con-
sumption, therefore only frequency measures were used,
and adjustment for total energy intake was not possible.
Finally, although temporal relationships could be assessed
in this study, its observational nature does not allow for
causal inferences to be made. A randomized controlled
trial that alters the SB would make it possible to get a
strong evidence of causality. In addition, although there is
no reason to believe that a change in dietary behaviors
would lead to a change in SB, it is possible that a change
in PA leads to a change in SB and not vice versa. Finally,
the study is restricted to a single geographical area, mak-
ing generalizability limited.
The study has several strengths. Most evidence about

the associations investigated in this study has to date
been derived from cross-sectional studies. However,
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demonstrating that a change in an independent vari-
able predicts a change in a dependent variable provides a
stronger evidence of causality compared to using an inde-
pendent variable measured at one point in time [40]. Ad-
justment for characteristics of children empirically and
theoretically associated with the behaviors investigated
was another strength of this study. SB other than TV use,
as well as several dietary behaviors were also included.
The sample size was relatively large, and the rate of reten-
tion in the study was high.

Conclusion
Changes in screen-based SB were associated with mul-
tiple unfavorable changes in dietary behaviors, although
the associations were weak. These associations need to
be further investigated in intervention/experimental stu-
dies, to assess whether changing screen-based SB will re-
sult in clinically relevant changes in dietary behaviors.
However, the findings of this study suggest that SB and
leisure-time PA are largely independent behaviors which
should be addressed separately in health promotion
activities.
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