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ABSTRACT

Accumulating evidence suggests that, independent of physical activity levels, sedentary behaviours are
associated with increased risk of cardio-metabolic disease, all-cause mortality, and a variety of physiological
and psychological problems. Therefore, the purpose of this systematic review is to determine the relationship
between sedentary behaviour and health indicators in school-aged children and youth aged 5-17 years. Online
databases (MEDLINE, EMBASE and PsycINFO), personal libraries and government documents were searched for
relevant studies examining time spent engaging in sedentary behaviours and six specific health indicators (body
composition, fitness, metabolic syndrome and cardiovascular disease, self-esteem, pro-social behaviour and
academic achievement). 232 studies including 983,840 participants met inclusion criteria and were included in
the review. Television (TV) watching was the most common measure of sedentary behaviour and body
composition was the most common outcome measure. Qualitative analysis of all studies revealed a dose-
response relation between increased sedentary behaviour and unfavourable health outcomes. Watching TV for
more than 2 hours per day was associated with unfavourable body composition, decreased fitness, lowered
scores for self-esteem and pro-social behaviour and decreased academic achievement. Meta-analysis was
completed for randomized controlled studies that aimed to reduce sedentary time and reported change in
body mass index (BMI) as their primary outcome. In this regard, a meta-analysis revealed an overall significant
effect of -0.81 (95% Cl of -1.44 to -0.17, p=0.01) indicating an overall decrease in mean BMI associated with the
interventions. There is a large body of evidence from all study designs which suggests that decreasing any type
of sedentary time is associated with lower health risk in youth aged 5-17 years. In particular, the evidence
suggests that daily TV viewing in excess of 2 hours is associated with reduced physical and psychosocial health,

and that lowering sedentary time leads to reductions in BMI.

Key words Inactivity, sitting, TV, body composition, fitness, metabolic syndrome, cardiovascular disease, self-

esteem, pro-social behaviour, academic achievement



INTRODUCTION

Engaging in regular physical activity is widely accepted as an effective preventative measure for a variety of
health risk factors across all age, gender, ethnic and socioeconomic subgroups [1-6]. However, across all age
groups, levels of physical activity remain low [7-12] and obesity rates continue to rise [10, 11, 13, 14];
collectively threatening the persistent increase in life expectancy enjoyed over the past century and efforts to

counteract the inactivity and obesity crisis [15].

This inactivity crisis is especially important in the pediatric population as recent data from the Canadian Health
Measures Survey [8] suggest that only 7% of children and youth aged 6-19 years participate in at least 60
minutes of moderate- to vigorous-intensity physical activity per day, thus meeting the current physical activity
guidelines from Canada [16], the U.S. [6], the U.K [17], Australia [18] and the World Health Organization (WHO)
[5]. However, even for those children and youth who meet current guidelines, there remains 23 hours per day
for school, sleep, work, and discretionary time. Several sources report that children and youth spend the
majority of their discretionary time engaging in sedentary pursuits (e.g. watching television (TV) or playing
video games) [8, 19-28]. Canadian children and youth are spending an average of 8.6 hours per day, or 62% of
their waking hours being sedentary [8]. Similar trends are being reported in the U.S. where children and youth
spend an average of 6-8 hours per day being sedentary [22-28]. Accumulating evidence shows that,
independent of physical activity levels, sedentary behaviours are associated with increased risk of cardio-
metabolic disease, all-cause mortality, and a variety of physiological and psychological problems [29-31].
Therefore, to maximize health benefits, approaches to resolve the inactivity crisis should attempt to both
increase deliberate physical activity and decrease sedentary behaviours, especially in the pediatric population.
However, to date, public health efforts have focused primarily on physical activity and have paid little attention

to the mounting evidence to support sedentary behaviour as a distinct behaviour related to poor health.

A recent scoping review identified review articles, meta-analyses, and grey literature that examined the
relationship between sedentary behaviour and health [32]. The large majority of this information reported on
the relationship between screen time and body composition and did not include other indicators of health [23-
25]. Furthermore, none of these reviews followed the rigorous process of a systematic review and are
therefore not able to be used to inform the development of clinical practice guidelines. As a result, to our
knowledge, there are no systematic, evidence-based sedentary behaviour guidelines for any age group,
anywhere in the world. Guidelines that do exist are largely based on expert opinion or narrative literature

reviews [33, 34].



Therefore, the purpose of this systematic review was to gather, catalog, assess and evaluate the available
evidence examining sedentary behaviours in relation to selected health outcomes in children and youth 5-17
years of age and present a summary of the best available evidence. Specifically, the review presents available
evidence for minimal and optimal thresholds for daily sedentary time in children and youth, and when possible,
how thresholds differ across health outcome or demographic status (i.e. age, gender). The information
gathered in this review can serve to guide future research and inform the development of evidence-based
clinical practice guideline recommendations for safe and healthy amounts of daily sedentary behaviour in the

pediatric population.

METHODS

Study Inclusion Criteria

The review sought to identify all studies that examined the relationship between sedentary behaviour and a
specific health outcome in children and youth (aged 5-17 years). All study designs were eligible (e.g. cross
sectional, retrospective, prospective, case control, randomized controlled trial (RCT), longitudinal).
Longitudinal studies were included if the data presented in the article was consistent with the age limits that
were set (i.e. if the study looked at participants at age 10 and then again at age 30, only baseline

measurements from age 10 were used).

Studies were included only if there was a specific measure of sedentary behaviour. Eligible exposures of
sedentary behaviours included those obtained via direct (e.g., measurements of sitting, or low activity
measured by accelerometer) and self-reported (e.g., questionnaires asking about TV watching, video gaming,
non-school computer use, and screen time - composite measures of TV, video games, computers) methods.
Sedentary behaviour was often measured as a composite measure of all time engaging in sedentary behaviours
including screen time outside of school hours. Six health indicators were chosen based on the literature,
expert input, and a desire to have relevant measures from a range of holistic health indicators (i.e. not only
physical health, but also emotional, mental and intellectual health). The six eligible indicators in this review
were:
1. Body composition (overweight/obesity measured by body mass index (BMI), waist circumference, skin
folds, bio-impedance analysis (BIA), dual-energy x-ray absorptiometry (DXA or DEXA));
2. Fitness (physical fitness, physical conditioning, musculoskeletal fitness, cardiovascular fitness);
3. Metabolic syndrome (MS) and cardiovascular disease (CVD) risk factors (unfavourable lipid levels,
blood pressure, markers for insulin resistance or type 2 diabetes);

4. Self-esteem (self-concept, self-esteem, self efficacy);



5. Behavioural conduct/ pro-social behaviour (child behaviour disorders, child development disorder, pro-
social behaviour, behavioural conduct, aggression);
6. Academic achievement (school performance, grade-point average).
No Language or date limits were imposed in the search. The following definitions were used to help guide the
systematic review [31]:
- Sedentary: A distinct class of behaviours (e.g. sitting, watching TV, playing video games) characterized
by little physical movement and low energy expenditure (<1.5 METs).
- Sedentarism: Engagement in sedentary behaviours characterized by minimal movement, low energy
expenditure, and rest.
- Physically active: Meeting established physical activity guidelines (e.g. see Tremblay et al. 2011 for
Canadian Physical Activity Guidelines [16]).
- Physical inactivity: The absence of physical activity, usually reflected as the proportion of time not
engaged in physical activity of a pre-determined intensity and therefore not meeting established

physical activity guidelines.

Study Exclusion Criteria

As the volume of literature on sedentary behaviour was anticipated to be very high, to control the feasibility of
this project, the following sample size limits were set a priori: population based studies (observational, cross
sectional, cohort, and retrospective studies) were required to have a minimum sample size of 300 participants;
RCTs, and intervention studies were required to have at least 30 participants. Studies of ‘active gaming’ (e.g.,
Nintendo Wii™, Microsoft Kinect™, Sony’s Playstation Move™, video arcades, etc.) were excluded. Finally,
studies that defined sedentary behaviour as ‘failing to meet physical activity guidelines” were excluded from

the review.

Search strategy

The following electronic bibliographic databases were searched using a comprehensive search strategy to
identify relevant studies: Ovid MEDLINE(R) (1950 to February Week 2 2010), Ovid EMBASE (1980 to 2010 Week
07), and Ovid psycINFO (1806 to February Week 3 2010). The search strategy was created by a single
researcher (JM) and run by a second researcher (AL). The search strategies can be found in Additional file 1.
The search was limited to studies looking at ‘school-aged’ children and youth (mean age of 5-17 years). Articles
were extracted as text files from the OVID interface and imported in to Reference Manager Software
(Thompson Reuters, San Francisco, CA). Duplicate articles were first removed using Reference Manager
Software, and any remaining duplicates were removed manually. All articles were given a unique reference

identification number in the database.



Titles and abstracts of potentially relevant articles were screened by two reviewers (AL and one of GG, MT, RC,
RL or TS) and full text copies were obtained for all articles meeting initial screening by at least one reviewer.
Two independent reviewers examined all full text articles (AL and one of GG, MT, RC, RL or TS) and any
discrepancies were resolved by discussion and consensus between the two reviewers. If the reviewers were
unable to reach consensus, a third reviewer was asked to look at the article in question. Consensus was

obtained for all included articles.

Twelve key content experts were contacted and asked to identify the most influential papers from their
personal libraries examining sedentary behaviour and health in the pediatric age group. Government
documents from the U.S [6], the U.K. [17], and Australia [18] were used for reference and to help guide the

review process.

Data extraction

Standardized data extraction tables were created; data extraction was completed by one reviewer (AL) and
checked by another (one of GG, RC, RL, or TS) for accuracy. Information was extracted regarding study
characteristics (i.e. year, study design, country, number of participants, age), type of sedentary behaviour,
measure of sedentary behaviour (i.e. direct, or indirect), and health outcome. Reviewers were not blinded to

the authors or journals when extracting data.

Risk of bias assessment

The Downs and Black checklist was used to asses study quality [35]. This 27 point checklist assesses the quality
of reporting (e.g. “Are the main findings of the study clearly described”); external validity (e.g. “Were the
subjects asked to participate representative of the entire population from which they were recruited”); internal
validity (e.g. “Were subjects randomized to intervention groups”); and power (e.g. “Was there sufficient power
such that the difference being due to chance is less than 5%"). The maximum score a study can receive is 32,

with higher scores indicating better quality. Inter-rater reliability was calculated using Cohen’s kappa.

Quality of evidence was determined by the study design and by Downs and Black score. Level of evidence was
used to explain the quality of available studies and the confidence of the findings [36]. RCTs were considered to
have the highest level of evidence while anecdotal reports were considered to have the lowest evidence. See
Table 1 for more details. When possible, studies were examined for differences among age and gender

subgroups.



[Insert Table 1 here.]

Analysis

A meta-analysis was performed with the data that were sufficiently homogeneous in terms of statistical,
clinical, and methodological characteristics using Review Manager Software 5.0 (The Cochrane Collaboration,
Copenhagen Denmark). Pooled estimates for the meta-analysis and their 95% confidence intervals were
obtained using the random effects estimator of DerSimonian-Laird [37]. Studies were weighted by the inverse
of their variance. Cochrane’s Q was used to test for heterogeneity among studies and the I* (squared) index
[10] was used to determine the degree of heterogeneity [38]. Funnel plots were used to assess publication

bias (data not shown). Qualitative syntheses were conducted for remaining studies.

RESULTS

Description of studies

After de-duplication, the preliminary search of electronic databases, reference lists, and grey literature
identified 5,291 potentially relevant articles (Figure 1). Of these, 3,299 were identified in MEDLINE, 1,016 in
EMBASE, 912 in psycINFO, and 64 through key informants, government documents, and bibliographies. After a
preliminary review of titles and abstracts, 828 articles were included for detailed assessment of the full text
article. Of these, 232 met the criteria for study inclusion (8 RCTs, 10 intervention studies, 37 longitudinal
studies and 177 cross sectional studies). Individual study characteristics can be seen in Table 2. Reasons for
excluding studies included: ineligible population (e.g. ineligible age or sample size) (n=161), ineligible exposure
(e.g. diet, physical activity) (n=145), ineligible measure of sedentary behaviour (i.e. not meeting physical
activity guidelines) (n=19), ineligible outcome (n=60), ineligible analysis (e.g. analysis focused on content of
screen time versus duration of screen time, analysis focused on active video gaming) (n=60), and ‘other’
(n=216) (e.g. commentary article or methodological paper). Some studies were excluded for multiple reasons.

Some articles (n=9) could not be retrieved due to missing or incorrect reference information.
[Insert Figure 1 here]

Table 2 provides a summary of all studies included in the review. The majority of the studies included in this
systematic review were cross sectional (n=177). In total, data from 983,840 participants were included in this
review. Studies ranged from 30 participants in intervention studies and RCTs, to 62,876 participants in cross
sectional observational investigations. Articles were published over a 51 year period from 1958 to 2009, and
included participants ranging from 2-19 years of age. Although the scope of the review focused on those 5-17

years of age, studies that had a range below 5 years or over 17 years were not excluded as long as the mean



age was between 5-17 years. Included studies involved participants from 39 countries; there were a greater
number of articles reporting on female-only data than those reporting on male-only data. Translators were
contracted to read non-English articles and complete any necessary data extraction for studies that met

inclusion criteria (n=8).

[Insert Table 2 here.]

Of the 232 studies, 170 studies reported data on body composition, 15 on fitness, 11 on MS and CVD, 14 on
self-esteem, 18 on pro-social behaviour, and 35 on academic achievement. The majority of studies (n=223)
used indirect measures to assess sedentary behaviour (i.e. parent-, teacher-, or self-report questionnaires).
There were 14 studies [24, 27, 28, 39-49] that directly measured sedentary behaviour with accelerometers and
one that directly measured television viewing through a monitoring device [50]. The direction of the
association between increased sedentary behaviour and health outcomes were similar between direct and

indirect measures. Meta-analysis was conducted for RCTs examining change in body mass index.

Risk of bias assessment

Risk of bias assessment was completed for all included studies (Additional file 2). The mean Downs and Black
score was 20.7 (range = 16-26). The studies were then split into groups and labeled as ‘high quality’ (score 23-
26, n=36), ‘moderate quality’ (score 19-22, n= 169), and ‘lower quality’ (score 16-18, n= 27). Quality of study
did not affect the outcome of the study; in other words, both lower quality and high quality studies showed a
positive relationship between increased time spent sedentary and health risk. Inter-reviewer assessment using

the Downs and Black tool was very high (kappa = 0.98).

Data Synthesis

Body composition

Of the 232 studies included in this review, 170 examined body composition, with the majority of these focusing
on the relationship between overweight and obesity and time spent watching TV (Table 3). Body composition
was measured in a variety of ways including body mass index (BMI), sum of skin folds, percent body fat and
various composite measures (e.g. BMI + sum of skin folds). Of the 8 RCTs, 7 showed that decreases in
sedentary time lead to reductions in body weight (see meta-analysis below for details). Intervention studies
reported desirable changes in body weight, BMI, and weight status among children and youth who successfully
decreased their sedentary time [51-60]. Three intervention studies [61-63] reported that although sedentary
behaviour decreased, there was no change in weight status (measured through BMI and skinfold thickness);

however, these studies had relatively short follow-up periods (~1 year) and no control group leading the



authors hypothesized that a longer follow up period was needed to detect a significant change in body
composition. While nine-teen longitudinal studies reported that children who watched greater amounts of TV
at baseline saw steeper increases in BMI, body weight and fat mass over time [64-82], nine longitudinal studies
reported no significant relationship between time spent sedentary and weight status or fat mass [61-63, 83-
89]. Of the 119 cross sectional studies, 94 reported that increased sedentary time was associated with one or
more of increased fat mass, increased BMI, increased weight status and increased risk for being overweight
[28, 90-182]. Risk for obesity increased in a dose response manner with increased time spent engaging in
sedentary behaviours [92, 106, 110, 128, 156, 178]. Twenty-five cross sectional studies reported no significant
relationship between sedentary time and weight status [24, 85, 137, 183-204]. One study [131] reported an
effect in boys but not girls and one showed an effect in girls but not boys [139]. One study showed that among
boys, being underweight was associated with more screen time [111]. The level of evidence reporting on the
relationship between sedentary behaviour and body composition was of moderate quality and was classified as

Level 2 with a mean Downs and Black score of 20.6 (standard deviation: £ 1.9).

[Insert Table 3 here.]

Fitness

Fifteen studies assessed the relationship between time spent engaging in sedentary behaviour and fitness
(Table 4). Increased time spent being sedentary was associated with decreased scores for overall physical
fitness, VO, max, cardiorespiratory fitness, and musculoskeletal fitness. An intervention reported that
targeting decreased sedentary behaviour lead to increases in aerobic fitness [56]. This study (n=13 boys and
26 girls, mean age =10.5 years) showed that an intervention to decrease targeted sedentary behaviours
(watching TV, playing computer games, talking on the telephone, or playing board games) led to increases in
both physical activity and non-targeted sedentary behaviours. Longitudinal evidence was conflicting. One
longitudinal study showed that >2 hours per day of TV and computer use was associated with decreased
musculoskeletal fitness [205]; while the second longitudinal study found no association between increased
screen time and decreased fitness. Eight of 12 cross sectional studies showed that greater than 2 hours of
screen time per day was associated with decreased VO,max, lower cardiorespiratory fitness, and lower aerobic
fitness [95, 206-212]. Two studies showed weak relationships between television watching and fitness [197,
213]. Two studies showed no consistent association between television viewing and aerobic and
musculoskeletal fitness [184, 214]. The level of evidence related to fitness was classified as Level 3 with a

mean Downs and Black score of 20.9 (standard deviation: + 2.1), indicating moderate quality of reporting.

[Insert Table 4 here.]



Metabolic syndrome and risk for cardiovascular disease

Eleven studies assessed the relationship between time spent engaging in sedentary behaviour and risk factors
for MS and CVD (Table 5). All of the studies reported that increased sedentary time was associated with
increased risk for MS or CVD. However, the results of these studies should be viewed with caution as the
proportion of children and youth who have measurable health risk factors for MS or CVD is quite low.
Longitudinal studies found that those watching more than 2 hours of television per day had higher serum
cholesterol levels [88] and were more likely to have high blood pressure [215] than their peers who watched
less TV. Cross sectional studies reported that high levels of screen time and self-reported sedentary behaviour
were associated with increased risk for high systolic and diastolic blood pressure [47, 108, 216, 217], higher
HbA1c [218], fasting insulin [134, 216], insulin resistance [48, 219], and MS [220]. These risk factors increase in
a dose response manner with increased screen time [216, 220]. One cross sectional study reported a
significant relationship between watching TV and increased cholesterol in adolescents, but not in younger
children [185]. The level of evidence for MS and CVD risk factors was classified as Level 3 with a mean Downs

and Black score of 21.7 (standard deviation: + 2.1), indicating moderate quality of reporting.

[Insert Table 5 here.]

Self esteem

Fourteen studies assessed the relationship between time spent engaging in sedentary behaviour and self-
esteem (Table 6). One RCT aimed to increase physical activity and decrease TV viewing [221], leading to a
trend in improvements in self-esteem (P=0.26) and concerns with body shape (p=0.03). Intervention studies
that targeted changes in sedentary behaviour produced inverse changes in physical self-worth and self-esteem
[52, 54]. Cross sectional studies showed that increased screen time was associated with higher depressive
symptoms, low self-esteem, and decreased perceptions of self-worth [44, 115, 147, 212, 221-223]. There was
evidence for a dose-response relationship as each additional hour of screen time seemed to increase the risk
for lower self-esteem [147]. Two studies [224, 225] reported that increased TV viewing was associated with
decreased self-esteem in boys but not girls, and increased aggression in girls but not boys. Two studies showed
no significant relationship [226, 227]. One study [228] showed a significant relationship between increased TV
viewing and decreased self-esteem in adolescents but not in young children. The level of evidence for studies
examining self-esteem was classified as Level 3 with a mean Downs and Black score of 21.0 (standard

deviation: * 2.4) indicating moderate quality of reporting.

[Insert Table 6 here.]
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Pro-social behaviour

Eighteen studies assessed the relationship between time spent engaging in sedentary behaviour and pro-social
behaviour (Table 7). The one longitudinal study examining the relationship between sedentary behaviour and
pro-social behaviour found that sustained TV exposure (i.e. 22 hours per day) was a significant risk factor for
behavioural problems [229]. Cross sectional studies reported similar findings. Those who watched less TV
were more emotionally stable, sensitive, imaginative, outgoing, self-controlled, intelligent, moralistic, college
bound, and less likely to be aggressive or to engage in risky behaviour [42, 115, 230-235]. Two studies found a
significant relationship between increased computer use and behaviour problems in boys [111, 236] but not
girls. One study showed that increased TV viewing was associated with aggression in girls but not boys [225].
The level of evidence for studies reporting on pro-social behaviour was classified as Level 3 with a mean Downs

and Black score of 19.9 (standard deviation: + 1.3) indicating moderate quality of reporting.

[Insert Table 7 here.]

Academic achievement

Thirty five studies assessed the relation between time spent engaging in sedentary behaviour and academic
achievement (Table 8). Academic achievement was measured in a variety of ways but included measures of
1.Q., school grades, grade point average (GPA), performance on standardized tests, and self-report
guestionnaires (e.g. students rated their own level of academic achievement). The longitudinal studies
included in this review found that children who watched higher amounts of TV had greater difficulties with
attention as teenagers [41], showed lower progression for reading level [237], and performed worse on
cognitive tests [238] than those watching less than one hour of television per day. The majority of cross
sectional studies (75%) reported that children and youth who watched higher levels of TV tended to spend less
time doing homework, studying, and reading for leisure which may lead to a decrease in academic
achievement [42, 181, 239-255]. This association increased in a dose response manner [181, 244, 248]. Ten of
the cross sectional studies found no significant relationship [57, 226, 227, 238, 256-261]. One study [228]
found that this relationship was significant in adolescents but not younger children. The evidence for academic
achievement was classified as Level 3 with a mean Downs and Black score of 19.2 (standard deviation: + 2.1)

indicating moderate quality of reporting.

[Insert Table 8 here.]

Quantitative data synthesis
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Data for each of the outcomes were assessed to determine if they were sufficiently homogeneous to make
meta-analysis appropriate. The only outcome for which data were consistently collected and reported and for
which the characteristics of the studies were similar enough to undertake a meta-analysis was body
composition. However, this was only for the RCTs; the longitudinal, cross sectional and intervention studies

that examined body composition had too many inconsistencies to allow for a quantitative synthesis of results.

Change in mean BMI before and after the intervention (at the longest point of follow-up for each study) was
used as the point estimate for the meta-analysis of the RCT data. Of the 8 RCTs, only 6 had data that could be
used to calculate the change in BMI after the intervention [50, 58, 221, 262-264] (the other two reported on
prevalence of overweight and obesity) [57, 265]. Of the remaining six studies, one [50] examined standardized
estimates of BMI only and one [262] presented only median change in BMI and not a mean change. Study
authors were contacted for missing information, but no additional data was made available and thus these
studies were excluded from the meta-analysis. Meta-analysis of the 4 RCTs that remained revealed an overall
significant effect of -0.89 kg/m? (95% Cl of -1.67 to -0.11, p=0.03) indicating an overall decrease in mean BMI
associated with the interventions (Figure 2). The Chi square test for heterogeneity was not significant but the I
was 46% indicating that there was low to moderate heterogeneity in the data. The funnel plot showed no

indication of publication bias (data not shown).

[Insert Figure 2 here.]

Meta-analyses were not undertaken for other outcomes or study designs because there was substantial
heterogeneity in the units of measures and type of reporting of sedentary behaviour, as well as the specific
measures of each outcome. For example, when reporting on the relation between time spent watching TV and
overweight and obesity, one study may report the relation between the frequency of TV watching and skin
fold thickness, whereas another may examine the relation of daily volume of TV watching and BMI. Even for
studies that examined the same outcome, for instance BMI, some would report the proportion overweight or
obese, while others would report mean BMI. In addition, some studies reported on data for males or females
only, while others reported only overall estimates and many were missing key information about participant
characteristics or study design. As a result, we were unable to determine common point estimates and
associated measures of errors for many of the studies. Due to the scope of the review, it was not feasible to
contact every author for individual data to re-run the analyses. Developing reporting standards for primary
studies examining the relationship between sedentary behaviour and health would help to ensure that

appropriate data are available for future meta-analyses.
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DISCUSSION

Based on this systematic review of 232 studies, sedentary behaviour (assessed primarily through increased TV
viewing) for more than 2 hours per day was associated with unfavourable body composition, decreased fitness,
lowered scores for self-esteem and pro-social behaviour and decreased academic achievement in school-aged
children and youth (5-17 years). This was true for all study designs, across all countries, using both direct and
indirect measurements, and regardless of participant sample size. All studies examining risk factors for MS and
CVD disease reported that increased sedentary time was associated with increased health risk; however, the
included studies examined a wide range of risk factors, and thus there was insufficient evidence to draw

conclusions on the relationship for metabolic risk as a whole.

High heterogeneity of the included studies limited meta-analysis to RCTs examining the relationship between
television viewing and BMI. This revealed a trend to support the hypothesis that decreased time spent
sedentary is associated with decreases in BMI. This result should be interpreted cautiously, given that it is only
based on a small number of RCTs and that only half of the RCTs included in the review were included in the
meta-analysis. Nonetheless, this meta-analysis of RCTs, which are considered to be the highest quality of
research evidence, coupled with the qualitative syntheses of data from the other study designs, provides
consistent evidence of the inverse relationship between sedentary behaviour and health outcomes, and that
reducing sedentary behaviour can improve body composition. Furthermore, this finding was consistent with

the results of observational studies and previous reviews [19-21, 23, 25].

Studies included in this review used primarily indirect measures (i.e. parent, teacher, and self-report
questionnaires) to assess time spent engaging in sedentary behaviour. Those studies that did use direct (i.e.
accelerometer) measures found that children and youth are spending a large proportion of their day (up to 9
hours) being sedentary [24, 27, 29, 39-47, 49, 178]. Therefore, for some children and youth, a viable approach
to improving health may be to work towards a reduction of at least some of their sedentary behaviours either
through smaller, micro-interventions (e.g. interrupting prolonged sedentary time), or lager macro-interventions
(e.g. population-based interventions and public health initiatives). Decreasing sedentary time is important for
all children and youth, but it may be may be especially important to promote gradual decreases in the most

sedentary group as a stepping stone to meeting sedentary behaviour guidelines [266].

Strengths and limitations

Strengths of this review included a comprehensive search strategy, a-priori inclusion and exclusion criteria and
analyses, and inclusion of non-English language articles. We included direct and indirect measures of
sedentary behaviour and focused on 6 diverse health indicators in children and youth. Although efforts were

13



made to include grey literature (e.g. by contacting key informants and reviewing government documents), we
did not include conference proceedings and other types of grey literature because it was impractical and
unfeasible to sift through all unpublished work, and also because of limitations in the quality of reporting in
conference abstracts [267, 268]. We do not anticipate that additional, unpublished work would change the

results.

Our study has limitations, including the types of outcome measurements and analyses reported in the primary
studies and primary study quality. The scope of this review was large and included a great deal of health
indicators and measurement tools. A more detailed meta-analysis would have allowed us to estimate the
overall effect sizes for each outcome. However, due to the heterogeneity of the data, it was impossible to
complete such analysis. Furthermore, some studies had missing information on participant characteristics
making it impossible to determine if basic demographics act as a confounder for the relationship between
sedentary behaviour and health. Many studies also grouped their variables into tertiles, or groups that also
took into account physical activity level. Although it was still possible to ascertain information regarding the
association between level of sedentary behaviour and health indicators, it made it very difficult to compare the
information across studies. Similarly, very few studies measured time spent being sedentary directly (i.e. with
direct observation or accelerometry). Previous work [269, 270] has shown significant differences between
direct and indirect measures of physical activity; similar work needs to be completed with respect to sedentary
behaviour to gain a better understanding of possible biases in previous studies. Indirect measurements of
sedentary behaviour often lead to grouping for analyses. This may lead to bias in the results of the systematic
review as many studies arbitrarily grouped their participants as “high users” if they watched more than 2 hours
of television per day. This could perhaps be falsely leading us to conclude that 2 hours is the critical cut-point
or threshold. Further work using direct (i.e. accelerometer) measures of sedentary behaviour and screen time

as continuous variables will help to clarify if a cut-point of 2 hours is in fact biased.

The final important limitation of this review was the type of primary studies that were available for analysis.
Studies with small sample sizes were excluded; however we do not believe that this had a significant impact
upon the strength or direction of associations observed in this review. The majority of studies (78.4%) included
in this review were cross sectional, observational studies, using indirect (i.e. parent-, teacher, or self-report)
measurements of sedentary behaviour. Cross sectional data make it impossible to infer causation and results
should therefore be interpreted with caution. However, it should be noted that due to ethical considerations,
it may be impossible to conduct a RCT on the effects of long periods of sedentary behaviours in children and
youth. Due to the large and diverse sample sizes available in population-based cross sectional research, and
given that this information demonstrates similar trends as those seen in RCTs and intervention studies, we
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believe that the evidence presented in this review provides important insights into the relationship between

sedentary behaviour and health outcomes in school-aged children and youth.

Future work

The purpose of this review was to provide an evidence base to inform clinical practice sedentary behaviour
guidelines for children and youth [266]. Future work is needed to translate this information into clinical
practice guidelines and disseminate this information to health care providers and the general public. While this
review was limited to children and youth, similar work is needed to inform sedentary guidelines for young

children aged 0-5 years, adults, and older adults.

As the accessibility and popularity of multiple forms of screen-based technology increases among the pediatric
population, future work needs to continue to focus on media engagement. Specifically, with increasing
popularity for hand-held, portable devices, ‘sedentary multitasking’ is becoming increasingly common.
Children and youth are able to watch television, talk on the phone, and use the computer at the same time.
This is a relatively new phenomenon and we are currently unaware what, if any, are the health effects
associated with this high level of ‘multi-screen’ time. This is also true for the effect of advancements in
technology and their associated health effects. For example, ‘active video gaming’ (e.g., Nintendo Wii™,
Microsoft Kinect™, Sony’s Playstation Move™) is advertised as an effective mode of physical activity. Although
it is true that some games can require sufficient energy expenditure for health benefits [271], the socio-
cognitive and physiological aspects of remaining indoors for long periods are unknown. Furthermore, children
and youth can learn quite quickly how to use minimal gestures (e.g., using wrist movement only) to play the

game thereby substantially reducing energy expenditure.

Finally, as described above, the vast majority of the current evidence has been based on self-report
questionnaires focused on TV viewing and body composition. It is now clear that these two variables are
related. Future work needs to move beyond this relationship and focus on other modes of sedentarism (e.g.,
prolonged sitting, passive transport) and other associated health indicators. To do this, objective measures of
the time, type and context of sedentary pursuits will be needed in combination with robust and standardized

measures of health indicators.

Conclusions

Physical inactivity and sedentary behaviour are pervasive and persistent public health challenges to overcome.
This review demonstrates that there is a need to advocate for increases in physical activity AND decreases in
sedentary behaviour. It is believed that a multi-level, multi-sectoral approach is required for this to be
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successful [11]. Ultimately, resolving the problem of inactivity requires a sustained change in individual daily
activity and sedentary patterns. From a public health perspective, a reduction in sedentary behaviour may be
easier than increasing physical activity per se because there are fewer restrictions (i.e. no need to change
clothing or use special equipment), and can be easily attained with minimal burden to a person’s time or

financial resources.

This systematic review summarizes the current evidence examining the relationship between sedentary
behaviours and a series of health indicators. It was determined that increased sedentary time was associated
with negative health outcomes in both boys and girls; this was true across all study designs with the majority of
studies (85.8%) reporting similar relationships. The majority of current work has focused on television viewing
and body composition and suggests that children and youth should watch less than 2 hours of TV per day
during their discretionary time. Furthermore, children and youth should try to minimize the time they spend
engaging in other sedentary pursuits throughout the day (e.g. playing video games, using the computer for
non-school work or prolonged sitting). This work can be used to inform the development of evidence-based

sedentary behaviour recommendations for children and youth.
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BMI: Body Mass Index, CVD: Cardiovascular disease, DXA or DEXA: Dual-energy x-ray absorptiometry, MS:
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Figure 1. Flow of information through the different phases of the review.
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Figure 2. Meta-analysis of randomized controlled studies examining decreases in sedentary behaviour and
effect on body mass index.
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Table 1: Criteria for assigning level of evidence to a recommendation.

Level of evidence

Criteria

Level 1
Level 2

Level 3
Level 4

Randomized control trials without important limitations
Randomized control trials with important limitations

Observational studies (non-randomized clinical trials or cohort studies) with overwhelming evidence

Other observational studies (prospective cohort studies, case-control studies, case series)
Inadequate or no data in population of interest
Anecdotal evidence or clinical experience

Adapted from: Lau DC et al. 2007 [36]
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Table 3: Summary table of results showing relation between sedentary behaviour and measures of body

composition.

Type of Study

Number of Number of
Studies participants

Narrative recommendation and main findings

RCT

Intervention

Longitudinal
Cross
sectional

8 1886

10 3547

33 85753

119 691759

Reductions in sedentary behaviour are directly related to improved
body composition.

TV watching and overweight/obesity were related in a dose-response
manner (i.e. those who watched more TV were more likely to be
overweight/obese).

TV watching and overweight/obesity were related in a dose-response
manner (i.e. those who watched more TV were more likely to be
overweight/obese).

>2 hrs of sedentary behaviour related to increased risk of being
overweight or obese.

Total of all
studies

170 782884

Meta-analysis was performed on randomized controlled studies that
looked at change in BMI. They found an effect of -0.89 kg/m2 (95% ClI
of -1.67 to -0.11, p=0.03) decrease in mean BMI in the intervention

group.
>2 hrs of sedentary behaviour per day is associated with an increased
risk for overweight/obesity. This risk increases in a dose-response

manner.

Each additional hour of TV viewing increased risk for obesity.
>2hrs/day significantly increased risk for overweight/obesity.

Mean Downs and Black score = 20.9 (+ 1.9), Level 2 evidence.
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Table 4: Summary table of results showing relation between sedentary behaviour and fitness.

Number of Number of
Type of Study Studies participants Narrative recommendation and main findings
RCT 0
Intervention 1 76 Reductions in sedentary behaviour lead to increased fitness.
One study showed no association whereas one study showed
higher musculoskeletal fitness in those watching <2hrs of TV per
Longitudinal 2 561 day.
>2hrs of screen time per day is associated with better VO,max
Cross scores, better musculoskeletal and cardiorespiratory fitness
sectional 12 17227 scores.
Those watching less than 2 hours of TV a day showed higher
results for fitness testing and more favourable bone health.
Total of all
studies 15 17864 Mean Downs and Black score = 20.6 (+ 2.1), Level 3 evidence.
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Table 5: Summary table of results showing relation between sedentary behaviour and markers for metabolic
syndrome and cardiovascular disease.

Number of  Number of
Type of Study Studies participants Narrative recommendation and main findings
RCT 0
>2hr of TV per day is associated with higher serum cholesterol
levels. >1.2 hrs of TV per day is associated with increased systolic
Longitudinal 2 1675 blood pressure.
Cross >2 of screen time per day is associated with higher blood pressure
sectional 9 17339 and increased risk for metabolic syndrome.
Intervention 0
Increased screen time is associated with increased risk for markers
of metabolic syndrome and cardiovascular disease. Risk increases
in a dose-response manner.
Total of all studies 11 19014 Mean Downs and Black score = 21.7 (+ 2.0), Level 3 evidence.
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Table 6: Summary table of results showing relation between sedentary behaviour and self-esteem.

Number of = Number of
Type of Study Studies participants Narrative recommendation and main findings
Girls who decreased sedentary behaviour had lower body
RCT 1 61 dissatisfaction and showed a trend towards improved self-esteem.
Decreases in sedentary behaviour lead to improved self worth and
Intervention 2 984 self-esteem.
Longitudinal 0
Those with higher reported sedentary behaviour had poorer
Cross scores on self worth. This association seems to increase in a dose-
sectional 11 71068 response manner
Each additional hour of TV viewing was associated with decreases
in self-worth and self-concept.
Total of all studies 14 72113 Mean Downs and Black score = 21.0 (+ 2.4), Level 3 evidence.

51



Table 7: Summary table of results showing relation between sedentary behaviour and pro-social behaviour.
Number of Number of
Type of Study Studies participants Narrative recommendation and main findings

RCT 0

Watching >2hrs of TV per day is a risk factor for social behaviour
Longitudinal 1 2707 problems
Intervention 0

Individuals watching >3hrs of TV per day are more likely to exhibit
Cross poor social behaviours and be more aggressive. Limited evidence to
sectional 17 91934 suggest this relationship is stronger in boys.

>2hrs of TV per day is associated with poor pro-social behaviour.
Those watching less than 3 hrs of TV per day scored more positively
in aspects of pro-social behaviour

Total of all

studies 18 94391 Mean Downs and Black score = 19.9 (+ 1.34), Level 3 evidence.
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Table 8: Summary table of results showing relation between sedentary behaviour and academic achievement.

Number of Number of
Type of Study Studies participants Narrative recommendation and main findings
RCT 0
Longitudinal 3 3530 Watching >1hr of TV per day is associated with attention difficulties.
Intervention 0
Cross >2 hrs of screen time per day resulted in lower academic
sectional 32 157637 achievement.
Intervention 0
>2hrs of screen time per day is negatively associated with academic
achievement.
Dose-response relation between time spent playing video games,
watching TV and using the computer (for non-academic purposes).
>3hrs/day associated with poor school performance and lower 1.Q.
scores.
Total of all
studies 35 161167 Mean Downs and Black score = 19.1 (+ 2.1), Level 3 evidence.
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Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Goldfield (2006) 0.8 085817 155% -0.80 [-2.48, 0.88] — =
Robinson (2003) 021 07272 195% -0.21 [-1.64, 1.22] ——

Robinson (1997) 042 04974 297% -0.42 [-1.29, 0.55] —

Shelton (2007) -1.7 040401 353%  -1.70[-2.49, -0.91] ——

Total (95% CI) 100.0%  -0.89 [-1.67, 0.11] S
Heterogeneity: Tau® = 0.29: Chif =559, df =3 (P = 0.13); I* = 46% I I I

Test for overall effect: £ =223 (F =0.03)

Figure 2
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Additional files provided with this submission:

Additional file 1: Additional file 1_search strategy_sept 6.doc, 107K
http://www.ijobnpa.org/imedia/1361879621594211/suppi.doc
Additional file 2: Additional file 2_downs and black_sept 6.doc, 564K
http://www.ijbnpa.org/imedia/1594445876594211/supp2.doc
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