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Abstract

multiple health behaviour interventions were explored.

The objectives of this meta-analysis were to provide an overview of the evidence regarding the effects of
interventions, implemented in the school- and general population setting, aiming to prevent excessive sedentary
behaviour in children and adolescents on (1) the amount of sedentary behaviour and (2) BMI. Differences in effects
on sedentary behaviour and BMI between single health behaviour interventions (sedentary behaviour only) and

A literature search was conducted in PubMed, EMBASE, Web of Science, PsycINFO and Cochrane Database of
Systematic Reviews. Thirty-four (R)CT studies evaluating 33 general population interventions, published between
1990 and April 2011, aiming to decrease sedentary behaviour in normal weight children or adolescents (0-18 years)
were included. Intervention duration ranged from 7 days to 4 years. Mean change in sedentary behaviour and BMI
from baseline to post-intervention was calculated using a random effects model.

Results showed significant decreases for the amount of sedentary behaviour and BMI. For sedentary behaviour
the post-intervention mean difference was —17.95 min/day (95%Cl-26.61,-9.28); the change-from-baseline mean
difference was —20.44 min/day (95%Cl:-30.69,-10.20). For BMI the post-intervention mean difference was

-0.25 l<g/m2 (95%Cl:-0.40,-0.09); the change-from-baseline mean difference was —0.14 l<g/m2 (95%Cl:-0.23;-0.05).
No differences were found between single and multiple health behaviour interventions.

Interventions in the school- and general population setting aiming to reduce only sedentary behaviour and
interventions targeting multiple health behaviours can result in significant decreases in sedentary behaviour.
Studies need to increase follow-up time to estimate the sustainability of the intervention effects found.

Keywords: Sedentary behaviour, Intervention, Overweight prevention, Children, General population

Introduction
The high prevalence of overweight and obesity among
children and adolescents is of worldwide concern [1].
Obese children are more likely than normal-weight chil-
dren to maintain a high body weight throughout their
life making them more vulnerable to health problems in
adulthood [2,3].

Studies have demonstrated the relationship between
an increase in television viewing or screen time and
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weight gain [4,5]. Recently, Tremblay ez al. (2011) sug-
gested that TV viewing of more than 2 hours a day is
associated with reduced physical and psychosocial health
[6]. Sedentary behaviour may be associated with energy
intake, for example through increased snacking during
television viewing [4,5]. Also, sedentary behaviour may
be associated with energy expenditure by replacing more
active pursuits such as playing outside [5,7]. These asso-
ciations provide rationale for the development of inter-
ventions to decrease sedentary behaviour.

Interventions performed in a general setting, for ex-
ample the school setting, allow for a broad population to
be reached, and may contribute to the prevention of
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overweight and obesity [5,8]. Previous reviews and meta-
analyses did not distinguish between interventions that
were developed to prevent excessive sedentary behaviour
in the general population setting, and interventions that
were developed to decrease high levels of sedentary be-
haviour as part of a treatment for overweight and obese
children [6,9-17]. It is important to evaluate interven-
tions specific for the general population setting, to map
the preventive effect these interventions may have on
sedentary behaviour and overweight prevention. This
meta-analysis is the first to provide an overview of the
evidence regarding the effects of interventions, imple-
mented in the general population setting, aiming to pre-
vent excessive sedentary behaviour among children and
adolescents (0—18 years).

The main study question was: can interventions aim-
ing to prevent high levels of time spent in sedentary
behaviours (e.g. television viewing, watching video/
DVD), implemented in school- and general population
settings, targeting children and adolescents, successfully
reduce (1) the amount of sedentary behaviour and (2)
Body Mass Index (BMI). Additionally, we explored
whether the effects on sedentary behaviour and BMI of
single health behaviour interventions (sedentary behav-
iour only) are similar to the effects of multiple health be-
haviour interventions (e.g. interventions focusing on
sedentary behaviour, dietary intake and physical activity).

Methods

Literature search

A literature search was conducted in PubMed, EMBASE,
Web of Science, PsycINFO and Cochrane Database of
Systematic Reviews in July 2010 using the following key
terms: overweight, obesity, intervention, sedentary, tele-
vision, video, games and children. The complete
PubMed search strategy can be found in the additional
material [Additional file 1]. The search strategy was
adapted for each of the other databases. A search update
was performed in March 2011. Included articles and
relevant reviews were hand searched for additional eli-
gible studies.

Inclusion criteria

In order to be included, the study had to be published in
a peer-reviewed journal after 31 December 1989. Con-
trolled trials with at least one intervention and one con-
trol or non-intervention group were included. The study
had to detail an intervention, of any duration, that aimed
to reduce the level of sedentary behaviour in children or
adolescents (age range 0—18 years). Studies were allowed
to also target other behaviours, such as physical activity
or dietary behaviours; these studies are referred to as
multiple health behaviour studies. These studies needed
to explicitly state the intervention elements aimed at
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sedentary behaviour. Finally, studies had to include a
sedentary behaviour outcome (TV viewing, snacks dur-
ing TV viewing) and/or a weight related outcome (e.g.
BMI, BMI-z, percentage overweight children).

Sedentary behaviour included screen time activities
and behaviours such as listening to music, reading, ‘sit-
ting around doing nothing’ or talking on the phone.
Screen time activities included watching television,
DVD/video/HDD viewing, electronic gaming (e.g. game
console), computer activities (e.g. internet, gaming) and
small screen activities (e.g. PDA, Smartphone).

Exclusion criteria

Studies performed in laboratory settings, studies with a
pre-post test design, studies without a control group,
and cohort studies were excluded. We excluded studies
aiming at high-risk populations, defined as children or
adolescents being overweight or obese, were excluded.
Studies comparing normal weight children and over-
weight or obese children were included when the results
for the normal weight children were described
separately.

All studies without sedentary behaviour elements in
their intervention (e.g. information regarding the influ-
ence of advertising or replacement activities for tv-
viewing) were excluded. In accordance, studies were
excluded when they only targeted physical activity and
sedentary behaviour was solely included as an add-
itional outcome.

Selection process

Titles and abstracts were reviewed independently by two
authors (AG and NE) to identify relevant intervention
studies. Relevant review articles were identified and
reference lists (bibliographies) were screened for add-
itional intervention studies by one author (AG)[18-22].
Authors of relevant design papers were contacted with a
request to provide effect papers where available (AG).
All studies identified based on the title and abstract were
reviewed by both authors (AG and NE) for inclusion
and disagreements were discussed with a third party
(HR) until consensus was achieved.

Quality assessment

The Cochrane Collaboration tool for Assessing Risk of
Bias was used to assess the quality of the selected studies
[23]. For each study seven domains were scored with
high, low or unclear risk for bias: sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting and ‘other’
issues (similarity in baseline characteristics and timing of
outcome assessment). These seven domains assess the
level of risk regarding selection bias, allocation bias,
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performance bias, detection bias, attrition bias, reporting
bias and other bias. The quality assessment was per-
formed independently by two authors (AG and NE) and
the findings were compared and discussed until consen-
sus was achieved.

Analysis

Study outcomes were quantitatively compared using Re-
view Manager software [24]. Overall mean differences
were estimated for the effects of all included interven-
tions. To graph these effect sizes, forest plots were cre-
ated for study outcomes on (1) sedentary behaviour
(minutes per day) and (2) BMI (kg/m?®). Separate forest
plots were created for (1) post-intervention results of
intervention and control group (mean, SD) and (2) post-
intervention change-from-baseline difference between
intervention and control group (mean, SD). The post-
intervention results were used, instead of latest follow-
up measurement, for the mean difference estimates to
achieve comparable results. Forest plots display the
mean and the variance around the mean for each study,
and provide a combined estimate with variance of the
overall intervention effect.
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With regard to sedentary behaviour, 22 studies
were included in the post-intervention mean differ-
ence estimate and 18 studies were included in the
post-intervention change-from-baseline mean difference
estimate. For BMI scores, 14 studies were included for
the post-intervention mean difference estimate and 14
studies were included for the post-intervention change-
from-baseline mean difference estimate. The number
of studies included in the above mentioned estimates
differed due to study data availability. For example,
post-intervention results of a study were given for
BMI-z scores only; this study could not be included in
the analysis to calculate the overall BMI estimate. Also,
a study reporting, for example, post-intervention
results only, could not be included in the change-
from-baseline analysis.

In addition to the overall mean difference estimate, mean
difference estimates for single health behaviour interven-
tions (sedentary behaviour) and multiple health behaviour
interventions can be found in each forest plot. These ana-
lyses were performed to investigate whether there is a
stronger effect of interventions solely focussing on decreas-
ing sedentary behaviour versus interventions combining
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different health behaviours; previous research has suggested
no difference in the effectiveness [25]. Age group
(<12 years, 12—18 years) and intervention setting (school
setting, home/family setting or combination of settings)
were evaluated as potential moderators of the overall inter-
vention effect estimates with post-hoc analyses.

The Cochrane Handbook (version 5.0) was used for
guidance regarding missing data and combining data
[26]. Available t and p values were used to recalculate
missing standard errors. When change-from-baseline
data was reported, post-intervention estimates could be
calculated. The standard deviation of the baseline esti-
mate was adopted for the follow-up estimate.

Studies with multiple intervention arms were included.
The outcomes in each intervention arm were summed
and averaged according to the number of participants in
each arm. Following guidelines, separately reported
results for boys and girls were combined. Child self-
report on sedentary behaviour was used whenever both
the parent report and child self-report were available.
This was done because the majority of the studies
used child self-reports.

For sedentary behaviour, some additional calculations
were performed. Most studies reported an overall meas-
ure for sedentary behaviour. For the few studies that
reported on distinct sedentary behaviours, the total post-
intervention effects were calculated by summing all
distinct estimates. In a similar manner the change-from-
baseline result was achieved. To estimate the overall sed-
entary behaviour change-from-baseline standard error,
the coefficient of variation (standard error of the mean
divided by the mean) was calculated for every distinct
sedentary behaviour change-from-baseline result. When
the coefficients of variation of the distinct sedentary be-
haviour measures differed by less than 0.5, the mean co-
efficient of variation was estimated and used to calculate
the standard error for the overall sedentary behaviour
change-from-baseline result. Television viewing was
chosen to represent sedentary behaviour when the differ-
ence between the coefficients of variation of the distinct
sedentary behaviours was larger than 0.5.

If studies only reported one sedentary behaviour (for
example TV viewing), this was taken as the sedentary
behaviour outcome in the analysis (details on the
reported outcomes can be found in [Additional file 2]).

Heterogeneity

Random effects were estimated, assuming additional vari-
ance beyond the set of studies. Estimation of random
effects allows for the results to be generalised. The fixed-
effect forest plots are available as additional material
[Additional file 3, Additional file 4, Additional file 5 and
Additional file 6]. Heterogeneity statistics are provided in
the forest plots (I*) and can be interpreted as low (25 %),
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moderate (50 %) and high (75 %) variance between studies
[27].

Results

Search results

Figure 1 presents the literature search flowchart using
the Preferred Reporting Items for Systematic reviews
and Meta-Analyses format [28]. The search revealed
3069 articles. Thirty-four studies reporting 33 different
interventions met the inclusion criteria. Four controlled
trials [29-32] and 30 randomized controlled trials [33-
62] were included. A summary of the general character-
istics of each study included can be found in table 1
available in the additional material [Additional file 2].

Quality assessment

Figure 2 shows the results of the quality assessment. Se-
quence generation of the randomisation procedure was ad-
equately reported in 13 studies. Nine studies reported
adequate allocation in concealment. However, given the
nature of the studies, not reporting allocation concealment
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does not necessarily mean a study bias. Eight studies
reported blinding of the outcome assessor. Dropout rates
were reported and rated acceptable in 29 studies. Thirteen
studies reported on possible baseline differences between
intervention and control groups.

Sedentary behaviour outcomes

Of the 34 studies, 13 reported a statistically significant
effect of the intervention on sedentary behaviour
[34,37,38,41,42,48,49,51,53-55,57,58].

The random effects model showed a post-intervention
mean difference of —17.95 minutes of sedentary behav-
iour per day in favour of the intervention group (95 %
Confidence Interval (CI)=-26.61;—9.28, Figure 3) (stan-
dardised mean difference -0.14, 95%CI -0.21;-0.08).
Post-intervention change-from-baseline mean difference
was —20.44 minutes of sedentary behaviour per day (95%
CI=-30.69;-10.20) for the intervention group compared
with the control group (Figure 4). There were no signifi-
cant differences in effects on sedentary behaviour between
single and multiple health behaviour interventions. No

Test for averall effect: Z=4.06 (P = 0.0001)
Testfor subgroup differences: Chi®=0.02, df=1 (P=0.490), F=0%

(minutes per day).

Intervention Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Escobar-Chaves 2010 291 156 98 3048 156 98 31%  -13.80[-57.48, 29.88) —
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Graves 2010 86.4 0.2 22 1356 1068 20 21% 4920104 44 604 ———
Harrizon 2006 1404 22164 165 1554 8724 116 389%  -15.00[-52.09, 22.09] .
Maloney 2008 79.71 42 38 10543 B1.71 20 52% -25.72[-55.88, 4.44] .
Mi Mhurchu 2008 14771 161.71 15 109.43 21914 12 0.3% 3828 [110.28 186.84] +
Rabinsaon 1999 3594 426 92 44794 54806 100 0.4% -8B854 [226.80, 4972 +
Robinson 2006 121.8 189.09 92 2076 30711 84 1.2% -8580[160.39,-11.21] ¥————
Spruijt-Metz 2008 1032 1011 136 1137 981 323 8.0% -10.50 [-30.58, 9.58] T
Todd 2008 a2 43 11 45 47 10 37%  -13.00[-51.66, 25.66] .
Subtotal (95% CI) 687 801 28.2%  -18.31[-31.08, -5.54] <&
Heterogeneity: Tau®=0.00; Chi*= 894, df=9 (P =044); "= 0%
Test for overall effect: 2= 2.81 (F = 0.0049)
1.1.2 Multiple health behaviour interventions
Dennisan 2004 12769 8431 43 13418 10117 34 32% -6.49 [-45.82, 35.84] e —
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Luhans 20049 263.73 19948 83 29671 19532 53 1.2% -32.98[108.14, 42.18]
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Shapira 2008 491.75 46459 20 1118 ar.7 11 21%  -20.05[-74.75, 35.65] —
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Figure 3 Forest plot, random effects model, comparing intervention and control group on post-intervention sedentary behaviour
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moderating effects of age or intervention setting were
observed for sedentary behaviour (p > 0.10).

BMI outcomes

Overall, 6 of the 34 studies reported a significant effect
of the intervention on BMI (kg/m®) or BMI-z score
[40,44,53,55,57,58].

The random effects model showed a post-intervention
BMI mean difference of -0.25 kg/m® (95%CI = —0.40;—0.09)
in favour of the intervention group (Figure 5) (standardised
mean difference —0.09, 95%CI —0.14;—0.03). The post-inter-
vention change-from-baseline mean difference was
-0.14 kg/m® (95%CI = -0.23;-0.05) in favour of the inter-
vention group (Figure 6). There were no significant differ-
ences in effects on BMI between single and multiple health
behaviour interventions. No moderating effects of age or
intervention setting were observed for BMI (p > 0.10).

Discussion
This meta-analysis is the first to quantitatively compare
34 studies evaluating interventions that were developed
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to prevent excessive sedentary behaviour (e.g. television
viewing, video/DVD) in general population settings
among children and adolescents. The results of this
meta-analysis show that the interventions aiming to pre-
vent excessive sedentary behaviour may contribute to
the prevention of overweight; a significant overall de-
crease in sedentary behaviour as well as a significant de-
crease in BMI was found.

Previous reviews and meta-analyses have been pub-
lished on this topic [6,9-17]. The current meta-analysis
is the first to examine the effects of interventions aiming
to prevent excessive sedentary behaviour in the general
population setting. Sedentary behaviour is increasing
across the entire population and prevention of excessive
sedentary behaviour is warranted [63,64]. The associ-
ation between sedentary behaviour and overweight [6],
supports the relevance of targeting children and adoles-
cents independent of their current weight status or
current amount of TV viewing. Our results showed
that efforts, to target the broad child- and adolescent
population in decreasing their sedentary behaviour, are

Mean Difference Mean Difference

Testfor overall effect: £=3.91 (F = 0.0001)

sedentary behaviour (minutes per day).
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Robinson 1989 -47.4 13.6 6.6% -47.40[74.06,-20.74] e —

Robinson 2006 -447  18.09 4.9% -44 TO[-B016,-9.24] —_—
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Figure 4 Forest plot, random effects model, comparing intervention and control group on post-intervention change-from-baseline
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
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Figure 5 Forest plot, random effects model, comparing intervention group and control group on post-intervention BMI (kg/m?).

successful. The results suggest that in order to improve
a healthy weight among children and adolescents, aim-
ing to prevent excessive sedentary behaviour in the gen-
eral population, e.g. school settings, may be part of an
effective approach.

Our study did not show significant differences in the
effects on sedentary behaviour or BMI between single
health behaviour interventions and multiple health be-
haviour interventions. This finding is in line with previ-
ous research by Krebs et al [25]. But, studies
evaluating an intervention specifically designed to pre-
vent high levels of sedentary behaviour could achieve
changes in other health behaviours. Effects on other
health behaviours were not measured in most studies.

The overall effect estimates of both sedentary behaviour
and BMI were not moderated by setting of the interven-
tion and the age of the children targeted with the inter-
vention. The majority of the interventions was aimed at
children below 12 years of age and performed in the
school setting. In the school setting, sedentary behaviour
was generally targeted with individual level interventions
such as counselling or tailored feedback. Parents were
often involved by means of a newsletter or sometimes by
means of more intensive workshops or information meet-
ings. Another approach, although used less frequently,
was the home-based intervention. Todd et al. [30] found
significant results for an intervention targeting both the

child’s and the family’s level of sedentary behaviour. These
results imply that family members might also benefit from
the intervention. Elements from interventions implemen-
ted at home included television manager devices. This
intervention element can be relatively easily implemented
and offered to the parents, and help limit opportunities to
be sedentary.

The quality of the studies reporting the interventions
varied. The information needed to evaluate risk of bias,
was missing in many studies. In almost all studies ran-
dom allocation of participants was reported, however,
the procedures used were not always clearly described.
Regarding the blinding of participants, providers and
outcome assessors, it should be recognised that the type
of research performed within the included studies does
not always allow for blinding. Dropout rates were mostly
acceptable and well described. Some studies reported
being pilot studies and, therefore, reported results on
very small samples. This might have added to the differ-
ences between groups on baseline characteristics that
were reported in some of the studies. For this reason,
reporting both unadjusted and adjusted results adds to
the quality of the studies.

Suggestions for future research
Some suggestions for future research should be made. To
explore effective intervention elements for the reduction
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of sedentary behaviour or BMI, studies need to provide
details on the intervention and the types of outcome mea-
sures taken. A clear description of the intervention should
include the health behaviours targeted and the alternatives
provided for sedentary behaviour. Owen et al. [65] has
shown that an effect on health outcomes might already be
achieved through replacing sedentary activity with light
physical activity. Healy et al. [66] found positive effects on
health outcomes by increasing the number of breaks dur-
ing sedentary behaviour. When studies include outcomes
measures, such as physical activity levels and dietary in-
take in addition to sedentary behaviour or BMI, relevant
changes in physical activity and other health-related beha-
viours can be studied in relation to sedentary behaviour.

To improve the understanding of the relationship be-
tween sedentary behaviours and weight-related out-
comes, mediation analyses of interventions studies can
be used. In these analyses the indirect role of sedentary
behaviour in the direct relationship between the effect of
the intervention and the weight-related outcome is
studied.

A drawback of the studies included in this meta-analysis
was the short follow-up time in some studies. In our
meta-analysis, comparisons were made based on post-

intervention results: these post-intervention results were
based on measurements taken directly after the interven-
tion or, in some cases, three months after the intervention.
The effects found on sedentary behaviour and BMI may
alter when longer follow-up results are available for com-
parison. Based on the studies included in this meta-analysis,
providing an estimation of the sustainability of the effects
found is therefore difficult.

Our search strategy included terms representing dif-
ferent types of sedentary behaviour, in the included
studies the most often targeted behaviour was either
TV viewing or screen time (DVD/video viewing and
TV viewing). Recently, Salmon et al. [14] reported that
based on objective measures of activity, only one third
of the total sedentary time consists of TV viewing
[14]. However, intervention elements to decrease spe-
cifically TV viewing may result in more positive effects
on health outcomes: increases in TV-time have been
significantly associated with several negative health
outcomes [5,6].

Considering the weight-related outcome, our study
compared outcomes on BMI: BMI-z scores could have
provided a more standardized estimate; however, few
studies reported these scores.
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Strengths and weaknesses of this meta-analysis

A major strength of this paper is that we could include
many studies and were able to estimate an effect based
on all interventions combined. Moreover, we reported
both adjusted mean differences, taking into account
baseline differences, and unadjusted mean differences. In
addition, we selected studies performed in school- and
general population samples to be able to estimate the ef-
fect of interventions aiming to decrease sedentary behav-
iour for the primary prevention of overweight.

As this meta-analysis is based on published literature,
there is a possibility that there is an overrepresentation
of effective studies. We did not try to identify unpub-
lished studies. Moreover, the studies included in this
meta-analysis reported several distinct types of sedentary
behaviour (e.g. computer, television, video). In order to
make comparisons, various types of sedentary behaviour
were taken together making the effects on unique seden-
tary behaviours indistinguishable. Therefore, no indica-
tion on whether interventions, for example, aiming to
reduce computer time are more effective compared to
interventions aiming to reduce television-time.

Conclusion

To summarise, the results indicate that interventions
performed in school- and general population settings
can help prevent excessive sedentary behaviour and
therefore unfavourable health outcomes, among children
and adolescents. The intervention can focus on more
than one health behaviour and can have a positive effect
on sedentary behaviour. Alternatively, interventions can
target sedentary behaviour and have relatively small, but
positive effects on BMI. Future research should focus on
discovering which of the intervention elements, or which
combination of elements, is most effective in preventing
increases in sedentary behaviour and BMI. Well-
designed intervention studies providing details on tar-
geted behaviours and including relevant health-behav-
iour outcomes with long follow-up are necessary.

This meta-analysis highlights that there are many
interventions available to help prevent excessive seden-
tary behaviour among children and adolescents in a gen-
eral population setting.
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