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Abstract

Background: Sedentary behaviour has been linked with a number of health outcomes. Preschool-aged children
spend significant proportions of their day engaged in sedentary behaviours. Research into the correlates of
sedentary behaviours in the preschool population is an emerging field, with most research being published since
2002. Reviews on correlates of sedentary behaviours which include preschool children have previously been
published; however, none have reported results specific to the preschool population. This paper reviews articles
reporting on correlates of sedentary behaviour in preschool children published between 1993 and 2009.

Methods: A literature search was undertaken to identify articles which examined correlates of sedentary
behaviours in preschool children. Articles were retrieved and evaluated in 2008 and 2009.

Results: Twenty-nine studies were identified which met the inclusion criteria. From those studies, 63 potential
correlates were identified. Television viewing was the most commonly examined sedentary behaviour. Findings
from the review suggest that child’s sex was not associated with television viewing and had an indeterminate
association with sedentary behaviour as measured by accelerometry. Age, body mass index, parental education
and race had an indeterminate association with television viewing, and outdoor playtime had no association with
television viewing. The remaining 57 potential correlates had been investigated too infrequently to be able to
draw robust conclusions about associations.

Conclusions: The correlates of preschool children’s sedentary behaviours are multi-dimensional and not well
established. Further research is required to provide a more comprehensive understanding of the influences on
preschool children’s sedentary behaviours to better inform the development of interventions.

Background
Sedentary behaviours typically require low levels of
energy expenditure, defined as 1.5 METs or fewer, to
perform [1]. Such behaviours generally include television
viewing, electronic game use, reading, and computer
use.
Sedentary behaviour (predominantly in the form of

television viewing) has been shown to be associated with
a number of health outcomes, even in preschool-aged
(roughly 3-5 years) children. It has been positively asso-
ciated with adiposity [2-4], and inversely associated with
bone mineral content [5]. Cognitive and behavioural
outcomes have also been inversely associated with tele-
vision viewing [6-8], and a meta-analysis [9] showed

that exposure to television violence was positively
related to more aggressive and anti-social behaviour in
young people, with the greatest effect occurring among
young children (birth to 5 years).
Sedentary behaviours have shown a moderate ten-

dency to track over time from quite a young age (e.g.,
from the preschool years) [10,11], particularly in boys
[12], and therefore developing strategies that target
reduced time spent being sedentary during the period
when those behaviours are being established may be
beneficial for future health outcomes.
Inadequate data exists on the current prevalence of

preschool children’s levels of sedentary behaviour, and
various measurement and analytic issues hamper com-
parison of findings between studies. Measurement of
sedentary behaviour primarily utilizes self- or proxy-
report surveys or log books to capture specific beha-
viours such as those named above. In addition, objective
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instruments such as accelerometers or heart rate moni-
tors are used, where sedentary behaviour is defined as
being below a given threshold of movement counts or
beats per minute, respectively. Most studies using objec-
tive methods (such as accelerometry) to assess time in
sedentary behaviour report that children spend between
50% and 80% of their time being sedentary [11,13-16];
however, estimates range from 34% [17] to 94.5% [18].
Further, studies using parental proxy-report estimate
that preschool age children spend between 1.8 [19] and
3.3 [20] hours per day watching television. Therefore,
preschool children spend significant proportions of their
waking time being sedentary, and may be at risk of
undesirable health outcomes as a result.
As preschool children spend such a large proportion

of their time being sedentary, it is important to examine
the factors which influence those behaviours. Identifica-
tion of modifiable correlates will allow researchers to
target those correlates when developing interventions to
reduce time spent being sedentary. Research into corre-
lates of sedentary behaviour is an emerging field, with
the majority of studies examining associations in the
preschool population (ages three to five years) being
reported since 2002. Reviews of the correlates of seden-
tary behaviour [21] and television viewing [22] in youth
have previously been published; however, none have
reported outcomes for preschool children separately
from other age groups.
A recent review of correlates of sedentary behaviour in

children and adolescents failed to produce sufficient evi-
dence of overall associations in preschool children due
to the small number of studies (three) identified which
investigated such associations [21]. Previously, Gorely
et al. [22] identified 10 studies which investigated corre-
lates of one sedentary behaviour, television viewing, in
children from birth to six years, but did not report on
those results separately from results for children and
adolescents up to 18 years of age. Both those reviews
used a social ecological perspective [23] to categorize
potential correlates of sedentary behaviour across five
levels: (1) demographic and biological; (2) psychological,
cognitive, and emotional; (3) behavioural attributes and
skills; (4) social and cultural; and (5) physical environ-
mental. While Gorely et al. [22] identified variables
across all five levels, consistency between studies was
lacking. A review of correlates of physical activity in pre-
school children [24] identified unique correlates for that
population, not identical to those for older children’s
physical activity. Preschool children are likely to experi-
ence different influences on their sedentary behaviours
compared with older children who may be influenced by
school, peer and broader potential correlates than pre-
school children. Therefore, it is not possible to postulate
that correlates of sedentary behaviour will be the same

for preschool children as for older children. Examining
correlates specific to preschool children is important for
the development of appropriate interventions targeting
reductions in sedentary behaviour in that age group.
The purpose of the present paper is to review the

correlates of preschool children’s sedentary behaviour.
Based on social ecological models, influences on seden-
tary behaviour are grouped according to the five
domains identified earlier [23]. This review specifically
highlights gaps in the existing literature and areas for
possible future research.

Methods
Search procedure
Literature included in this review was retrieved from
three sources. Computerized searches were carried out
using Medline, Pubmed, ERIC, Australian Education
Index, PsycINFO, Current Contents, Social Science
Index, SportsDiscus, Child Development Abstracts, and
Health Reference Center - Academic. Manual searches
of the reference lists of recovered articles and the
authors’ extensive personal files were also conducted.
Each key term - television viewing; sedentary behaviour;
physical inactivity - was searched in conjunction with
each term in this group: early childhood; preschool;
child; kindergarten, childcare.
An article was included if it: (1) included children

aged from three to five years; (2) contained quantitative
research and had been published in an English-language,
peer-reviewed journal; (3) included a measure of seden-
tary behaviour as a dependent outcome; and (4) exam-
ined associations between explanatory variables and
sedentary behaviour. It should be noted that study parti-
cipants, while referred to as ‘preschool children’ may
not necessarily have attended preschool or childcare at
the time they participated in the study.
All measures of sedentary behaviour reported in indi-

vidual studies have been included to allow for the great-
est comparison of findings across studies. Those
measures include overall sedentary behaviour (generally
measured by accelerometry), television viewing, DVD/
video viewing, electronic games, computer use and read-
ing (measured by parental report). However, results
have been reported separately for individual behavioural
outcomes to determine if correlates vary between beha-
viours. For cohort or intervention studies, only baseline
data were included. A summary of the studies included
in this review is presented in additional file 1: Summary
of studies investigating correlates of sedentary
behaviours.

Selection of variables
Due to the limited amount of published literature in this
area, all variables identified from published studies have
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been included, irrespective of the number of times they
have been investigated across studies. This approach
aims to identify the domains which have been explored
in the extant literature and to elucidate the multi-
dimensional perspective of potential influences on
young children’s sedentary behaviours. However, where
variables were conceptually similar (for instance, one
study reported on associations with a number of mea-
sures of dietary intake of foods high in energy and low
in nutrients), some variables have been combined.
The coding of results follows the model used by Sallis et

al. [23] and Hinkley et al. [24]. In that model, the consis-
tency of an association between a correlate and a given
sedentary behaviour is determined by the number of
reported findings that support the hypothesized associa-
tion (Table 1). Associations were coded with: 0 (0-33% of
studies supporting association); ? (34%-59% of studies sup-
porting an association); or + or - (60%-100% of studies
supporting an association). However, given the minimal
number of studies which have investigated any individual
correlate with a particular behavioural outcome, the
strength of the overall association is only reported for a
specific behavioural outcome for those correlates which
have been investigated in four or more studies. Where
four or more studies supported an overall association, the
result was coded as ++, - -, or 00 as appropriate.

Results
Data were collected and analysed between March 2008
and September 2009. Twenty-nine studies were identi-
fied, of which one was published in 1993 and the remain-
der were published between 2002 and 2009. The ages of
children in those studies ranged from six months to six
years. Only results specific to preschool children (ages 3-
5 years) have been included. Methods used for data col-
lection included accelerometry (9 studies [15,16,25-31]),
parental checklist (1 study [32]), parental time use diary
(1 study [33]), parental survey (11 studies [34-44]), direct
observation (5 studies [14,45-48]), parent survey and
accelerometry (1 study [49]) and combined heart rate
and observation (1 study [50]). Studies largely failed to
report reliability and validity results for their measure of
sedentary behaviour. Of the 29 studies, six reported valid-
ity [15,16,28,31,42,51] and eight reported reliability
[14,25,26,45-48,50] of their measure of sedentary

behaviour. No study reported both reliability and validity
of their measure of sedentary behaviour. Additionally,
only one study [46] reported reliability of the measure of
correlates used. The majority of the studies (59%), were
conducted in the USA[14,15,28-30,34-38,42,43,45-48,50].
Four studies (14%) were conducted in Australia
[32,33,40,41], four studies originated in Scotland (14%)
[16,25,26,31], and one each of the remaining studies were
from Germany [39], New Zealand [49], Greece [44] and
Belgium [51].
Of the 29 studies identified and included in this

review, 16 had a measure of sedentary behaviour as
their primary outcome [14,16,29,34-38,40-44,46,50,51].
Eleven of the remaining studies had physical activity as
their primary outcome [15,25,26,28,30-32,45,47-49], and
one study each had overweight [39] and overall time use
[33] as their primary outcomes. Each of those 13 studies
also reported on associations between potential corre-
lates and a measure of sedentary behaviour. Variables
were identified across four of the five domains discussed
above: demographic and biological; behavioural; social
and cultural; and physical environment. No psychologi-
cal, cognitive or emotional variables were identified.
Across the 29 identified studies, 63 variables had been

investigated as potential correlates. Of those variables,
44 (69%) were investigated just once each, five (8%)
were investigated twice each, six (10%) were investigated
in each of three studies, and eight (13%) were investi-
gated four or more times. Studies investigated a median
of three (range 1-15) potential correlates. Sample sizes
ranged from 64 to 3141, with a median of 280.
Studies investigated associations with a variety of seden-

tary behaviours as outcomes. The most commonly investi-
gated sedentary behaviour was television viewing, with 16
studies [32-44,46,49,50] investigating associations with
that behaviour. Across those 16 studies, 41 potential corre-
lates were investigated. Fifteen studies investigated associa-
tions between 22 potential correlates and overall sedentary
behaviour as measured by accelerometry or heart rate
monitoring [14-16,25-31,45,47-50]. Other sedentary beha-
viours included DVD/video viewing (three studies
[35,39,49] investigating 7 potential correlates), playing
electronic games (four studies [32,35,36,48] examining 7
potential correlates), computer use (five studies [32,35,
39,40,49] investigating 19 potential correlates), and reading

Table 1 Rules for classifying variables regarding strength of evidence of association with sedentary behaviour [23,24]

Studies supporting association (%) Summary code Meaning of code

0-33 0 No association

34-59 ? Indeterminate or inconsistent association

60-100 +
-

Positive association
Negative association

Note: Overall association is only given when four or more studies have investigated an association between a potential correlate and sedentary behaviour.
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(one study [35] investigating 1 potential correlates). Tables
2 to 5 summarise associations between potential correlates
and each of the sedentary behaviours. The most cogent
findings are discussed below.

Demographic and biological variables
Fifteen demographic and biological variables were inves-
tigated across 23 studies, as shown in Table 2. The most

frequently assessed demographic correlate, investigated
in 13 studies, was child’s sex, which was found to have an
indeterminate association with sedentary behaviour
[15,25,27-29,31,47,49,50] and consistently no association
with television viewing [33,37-39,44,49,50]. Indeterminate
associations were also found for age [34,35,38,43,44],
child’s body mass index (BMI) [33,38,41-44], parental
education [36-38,43,44] and race [38,39,46,50]. Other

Table 2 Demographic and biological correlates of sedentary behaviours and direction of association

Correlate variables Sedentary
behaviour*

TV viewing DVD/videos Electronic
games

Computer use Reading

Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies

Child’s sex (female) 0 [15, 27-
29, 47]

0 [33, 37(5-6y), 38,
44, 49-50]

0 [49] 0 [49]

+ [25,31,49-
50]

+ [37 (3-4y)]

Overall assoc. ? 00

Child’s age + [15,47] + [34-35, 50] + [35] + [35] + [35] + [35]

- [50] - [44]

0 [28] 0 [38,43]

Overall assoc. ?

Child BMI 0 [41-44]

+ [33, 38]

Overall assoc. ?

Race (non-Caucasian) 0 [15,
47,50]

+ [39 (non-German),
46]

0 [50]

- [38]

Overall assoc. ?

Motor skill 0 [30]

Breast feeding duration - [38]

SEP 0 [26]

+ [26
(boys)]

Parents’ age - [38] + [40 (>
40y)]

Parental education 0 [15] - [38,43] 0 [40]

0 [37,44]

Overall assoc. ?

Parents’ marital status(not
married)

+ [37 (5-6y), 38] - [40]

0 [37 (3-4y)]

Parental employment
status(full-time)

0 [37]

Parent retired 0 [44] 0 [40]

Family income - [38] 0 [40]

Parental BMI + [38,43]

Parents studying 0 [40
(pat)]

+ [40
(mat)]

Abbreviations: mat: maternal; pat: paternal; y: years.

* Sedentary behaviour was defined as: levels 1 & 2 in OSRAP 5 point scale [47]; levels 1 & 2 in CARS 5 point scale [50]; CSA/MTI accelerometry cut-point of <1100
cpm [25,26,31]; ActiGraph age-specific cut-points corresponding to ≤1.4 METs (approx. 100 cpm) [15]; ActiGraph age-specific cut-points between 1456 cpm (3
year olds) and 1596 (5 year olds) [27,28]; ActiGraph cut-point <150 cpm [30]; Actical cut-point of <200 cpm [29,49].
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correlates had been investigated too infrequently to make
a robust judgment regarding overall associations.

Behavioural attributes and skills variables
Table 3 summarises the associations between beha-
vioural correlates and each of the sedentary behaviours.
Twelve studies investigated a total of 14 behavioural
variables. Outdoor playtime was found to have no asso-
ciation with television viewing [33,37,39,42]. The
remaining 13 behavioural variables had been investi-
gated too infrequently to determine overall associations.

Social and cultural variables
Only eight studies reported associations between 12
characteristics of the social environment and sedentary
behaviours among young children, as summarised in
Table 4. Correlates in this domain focused on parental
variables, and included teacher education and training.
Although none of the correlates studied had been inves-
tigated enough to provide an overall association, televi-
sion time rules was found to have an inverse association
with four of the behavioural outcomes (television view-
ing, DVD/videos, electronic games and computer use) in
three studies [32,37,39].

Physical environmental variables
Correlates investigated in this domain are summarised
in Table 5. Primarily, studies focused on potential corre-
lates in the home physical and preschool/childcare cen-
tre environments. There were 22 physical environmental
correlates examined across 12 studies. Of those 22 cor-
relates, 11 were relevant to the preschool or childcare
centre environment. Generally, variables identified in
the physical environment were not associated with
young children’s sedentary behaviours.

Discussion
This review of correlates of preschool children’s seden-
tary behaviours has found that two correlates were con-
sistently unrelated to preschool children’s television
viewing: outdoor playtime and sex of the child. How-
ever, the association between sex and overall sedentary
behaviour in preschool children was indeterminate.
Further, lack of consistency between studies resulted in
an indeterminate association between television viewing
and child’s age, BMI, race, and parental education. All
remaining 57 potential correlates were investigated too
infrequently to determine an overall association with
any of the behavioural outcomes examined. However, it

Table 3 Behavioural correlates of sedentary behaviours and direction of association

Correlate variables Sedentary
behaviour*

TV viewing DVD/videos Electronic
games

Computer use Reading

Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies

Physical activity - [44,50] 0 [40]

0 [43]

Outdoor playtime - [48] 0 [37,39,42] 0 [39]

- [33]

Overall assoc. 0

Child attends swim lessons - [32]

Sedentary behaviour 0 [50]

Sleep - [38]

Reading 0 [37] 0 [40]

Drawing 0 [40]

Computer use + [40 (wk)]

0 [40 (we)]

Playing console games + [40]

Playing hand-held games + [40
(we)]

0 [40
(wk)]

Energy intake + [38,43]

Consumption energy dense foods + [38]

Consumption skim milk/fruit &
vegetables

- [38]

Multivitamin use 0 [38]

Abbreviations: we: weekend; wk: week.

* Sedentary behaviour was defined as: levels 1 & 2 in OSRAP 5 point scale [48].
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is worth highlighting the possible association between
parental rules and child sedentary behaviours. Although
parental rules was investigated in only three studies, its
association across behaviours (TV viewing, DVD view-
ing, electronic game and computer use) was consistently
inverse. While this review identified a moderate number
of studies investigating a large range of potential corre-
lates of preschool children’s sedentary behaviours, con-
sistency of correlates investigated across those studies
was lacking. Therefore, it is not possible to draw conclu-
sions about associations in most cases.
These findings are in contrast to the review by Gorely

et al. [22] which investigated correlates of television
viewing in school-aged children and youth and identified
associations for 21 correlates. However, that review
included studies for children and youth aged two to 18
years. Although those authors included 10 studies
among children aged two to six years, the review did
not present findings for those children separately, and
therefore direct comparisons with the current review are
not possible. However, that review found that ethnicity,
body weight, snacking, parents’ television viewing, week-
end days and having a television in the bedroom were
all positively associated with television viewing, while
parental income and education, and the number of par-
ents in the home were all negatively associated with tel-
evision viewing. The current review largely found
inconsistent associations between those correlates and
children’s sedentary behaviour. In addition, Gorely et al.
[22] found no association between sex and television

viewing which is consistent with the findings of the cur-
rent review. More recently, van der Horst et al. [21]
reviewed correlates of sedentary behaviour in children
and youth aged four to 18 years. That review identified
several correlates of sedentary behaviour for 13 to 18
year old youth, but identified only four studies which
investigated correlates of sedentary behaviour in chil-
dren aged 4 to 12 years. Similar to the current review,
van der Horst et al. [21] concluded that there was insuf-
ficient evidence to draw conclusions about potential
correlates of sedentary behaviour in children.

Limitations of the published literature
Most of the studies included in this review were cross-
sectional, thereby inhibiting opportunities to clearly
identify causality of potential influences on behaviour.
The majority of research conducted into correlates of
sedentary behaviour has used relatively small (half the
studies had fewer than 300 participants) and potentially
non-representative samples. Where small samples are
used, weak, but potentially meaningful, associations may
go undetected. Furthermore, although there were seven
studies included in this review which used large samples
(> 1000 participants), those studies include the possibi-
lity of reporting trivial associations as statistically signifi-
cant when they may not be meaningful.
There was little consistency between studies in the

variables examined within specific settings. For example,
several studies investigated the potential influence of
variables in the preschool or childcare setting [14,15,45],

Table 4 Social and cultural correlates of sedentary behaviours and direction of association

Correlate variables Sedentary
behaviour*

TV viewing DVD/videos Electronic
games

Computer use Reading

Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies

Presence of siblings 0 [44]

Television time rules - [32, 37 (5-
6y), 39]

- [39] - [39] - [39]

0 [37 (3-4y)]

Parents limit TV advertising
exposure

- [32]

Parental encouragement/
discouragement for PA

0 [50] + [50]

Parental perception TV helps + [37 (5-6y)]

0 [37 (3-4y)]

Parental perception TV hurts 0 [37]

Parental role model PA 0 [39] 0 [39] 0 [39] 0 [39]

Maternal smoking + [38]

Parental TV viewing time + [44]

Parental time with child 0 [44]

PA training & education (teachers) - [14]

Preschool teacher education
(college)

0 [45]

Abbreviations: y: years.

* Sedentary behaviour was defined as: levels 1 & 2 in OSRAP 5 point scale [14,45]; levels 1 & 2 in CARS 5 point scale [50].
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Table 5 Physical environmental correlates of sedentary behaviours and direction of association

Correlate variables Sedentary behaviour* TV viewing DVD/videos Electronic
games

Computer use Reading

Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies Assoc. Studies

Home and neighbourhood variables

TV in bedroom 0 [36-37] + [36]

Number of TVs
in home

0 [39] 0 [39] 0 [39] 0 [39]

Playstation in
home

+ [32]

Computer in
home

- [32]

Internet
connection in
home

- [32]

Constant
television

+ [32, 37
(3-4y)]

0 [37 (5-
6y)]

Backyard
characteristics

0 [39] 0 [39] 0 [39] 0 [39]

Neighbourhood
safety

- [42]

Region of
residence
(urban)

+ [44]

Day of the week
(weekday)

- [27] 0 [42]

Season Higher in spring than
summer or fall [16]

Centre-based variables

Attends out-of-
home care

0 [40]

Active
opportunities

- [14]

Sedentary
environment

+ [14]

Preschool
attended

[15] Varies with centre

Preschool
quality

- [45]

Preschool field
trips

0 [45]

Community
involvement

0 [45]

Preschool TV/
computer time

0 [45]

Time outdoors
at preschool

0 [45]

Free time at
preschool

0 [45]

Preschool class
size

0 [45]

Abbreviations: y: years.

* Sedentary behaviour was defined as: levels 1 & 2 in OSRAP 5 point scale [14,45]; CSA/MTI accelerometry cut-point of <1100 cpm [16]; ActiGraph age-specific
cut-points corresponding to ≤1.4 METs (approx. 100 cpm) [15]; ActiGraph age-specific cut-points between 1456 cpm (3 year olds) and 1596 (5 year olds) [27].

Additional file descriptions text (including details of how to view the file, if it is in a non-standard format).
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yet those studies each explored different variables. Influ-
ences in a given setting may include physical environ-
mental correlates, such as the layout of the centre itself,
and social correlates, such as teacher/staff education or
support. While exploring diverse correlates is valuable
in terms of covering the breadth of influences on pre-
school children’s sedentary behaviours, examination of
the same variables in different studies utilizing different
samples is necessary to build a body of evidence to sup-
port or refute the potential influence of any individual
variable.
Some potentially important variables are under-

researched. For instance, potential correlates such as
socioeconomic position, growth and maturation of the
child (with the exception of age), parental influences,
and social and physical environmental influences in pre-
schools and childcare centres as well as other settings
(e.g., neighbourhood), are generally overlooked or poorly
researched, and may be important influences on seden-
tary behaviours.
Methodologies in data collection techniques varied

across studies. A range of instruments were employed
to measure sedentary behaviours and their associated
correlates. Those instruments all have different levels of
reliability and validity, and may also measure different
outcomes (movement, lack of movement, time spent in
specific behaviours) thus making it difficult to compare
evidence collected across different studies. Most studies
did not report validity and reliability data for instru-
ments used to assess sedentary behaviour, and only one
study reported reliability for the measures of correlates
used [46]. Given this paucity of reliability and validity
data, it is not possible to make statistical adjustments
for measurement error in a given study.
Many sedentary behaviours, such as television viewing,

computer and electronic game use, are difficult to mea-
sure in the preschool population, and rely largely on
parental proxy-reports, as most preschool children do
not have the cognitive ability to self-report [52-55]. Pro-
tocols around measurement periods of sedentary beha-
viours varied greatly, and included estimates of ‘average’
television viewing time [36], 48 hours of observation
and heart rate monitoring [50], and 10 days of accelero-
metry [28]. Such differences in study protocols further
confound comparisons between studies and the repre-
sentativeness of the behaviour being investigated. Addi-
tionally, certain correlates of sedentary behaviours may
be difficult to measure in preschool-aged children, parti-
cularly psychological, cognitive and emotional con-
structs, as reflected by the absence of studies
investigating such potential influences.
More than half the studies included in this review

investigated television viewing as their behavioural

outcome, thereby neglecting other, potentially impor-
tant, sedentary behaviours. Studies investigating positive
sedentary behaviours in young children such as reading,
drawing, quiet play (e.g. with blocks or dolls, etc), and
crafts are unmistakably absent, perhaps because it is
perceived that those behaviours are unlikely to be detri-
mental to children’s health. Those behaviours may
themselves be related with healthful developmental out-
comes, and may also have potentially important corre-
lates which could be targeted in interventions to
decrease time in screen-based behaviours such as televi-
sion viewing and e-game use.

Future directions
Given the large proportion of time that preschool chil-
dren spend being sedentary, additional studies are
required to further understand the influences on those
behaviours. Further, additional evidence would support
the development of interventions to decrease the pro-
portion of time preschool children spend in potentially
unhealthy sedentary behaviours.
Studies which investigate potential influences across a

number of settings or contexts would enhance under-
standing of the multi-dimensionality of influences on
preschool children’s sedentary behaviour. The collection
of sedentary behaviour data using reliable and valid
measures across a range of locations, and at different
times during the day would further enhance understand-
ing. Almost half the studies included in this review did
not have a measure of sedentary behaviour as their pri-
mary outcome or purpose, and the psychometric prop-
erties of the sedentary behaviour measures were rarely
reported. This again points to the lack of research being
undertaken in this area in preschool children. Studies
designed to primarily investigate those behaviours in
young children are necessary to develop a more robust
understanding of their participation in sedentary beha-
viours and inform future interventions.

Conclusions
In summary, there is a dearth of literature on the corre-
lates of sedentary behaviours in preschool children. That
which does exist provides largely inconclusive evidence
of correlates of sedentary behaviours in that population.
Although potential correlates have been identified across
four of the domains of the social ecological model, con-
sistent evidence exists for only two variables: sex and
outdoor playtime, both of which were shown to have no
association with television viewing, and sex had no asso-
ciation with overall sedentary behaviour. The factors
which influence sedentary behaviours in preschool-aged
children are multi-dimensional and complex. Further
evidence is necessary to more fully understand which
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variables may be important in the development of inter-
ventions to support healthful outcomes in preschool
children.

Additional material

Additional file 1: Summary of studies investigating correlates of
sedentary behaviours. Table.

Acknowledgements
The authors would like to acknowledge the Australian Commonwealth
Department of Health and Ageing for funding the scientific background
report that informed this review.
TH was funded by an APA PhD Scholarship during the initial period of data
collection.
JS is funded by a National Heart Foundation of Australia and sanofi-aventis
Career Development Award.
ST is funded by USDA NRI 2008-04423 and NICHD HD 55400.

Author details
1Centre for Physical Activity and Nutrition Research, Deakin University, 221
Burwood Hwy, Burwood, Vic, 3125 Australia. 2Interdisciplinary Educational
Research Institute, University of Wollongong, Northfields Ave, NSW, 2522
Australia. 3College of Health & Human Sciences, Oregon State University, 123
Women’s Building, Corvallis, OR 97331, USA.

Authors’ contributions
TH was involved in acquisition, analysis, and interpretation of data, drafting
and manuscript writing. JS was involved in analysis and interpretation of
data, drafting and critically revising the manuscript. ADO and ST were
involved in the conception and design of the paper and played a role in
critically revising and editing the manuscript. All authors read and approved
the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 8 April 2010 Accepted: 8 September 2010
Published: 8 September 2010

References
1. Owen N, Leslie E, Salmon J, Fotheringham M: Environmental determinants

of physical activity and sedentary behavior. Exerc Sport Sci Rev 2000,
28:153-158.

2. Jouret B, Ahluwalia N, Cristini C, Dupuy M, Négre-Pages L, Grandjean H,
Tauber M: Factors associated with overweight in preschool-age children
in southwestern france. Am J Clin Nutr 2007, 85:1643-1649.

3. Hancox RJ, Poulton R: Watching television is associated with childhood
obesity: But is it clinically important? Int J Obes 2006, 30:171-175.

4. Al-Hazzaa HM, Al-Rasheedi AA: Adiposity and physical activity levels
among preschool children in jeddah, saudi arabia. Saudi Med J 2007,
28:766-773.

5. Janz KF, Burns TL, Torner JC, Levy SM, Paulos R, Willing MC, Warren JJ:
Physical activity and bone measures in young children: The iowa bone
development study. Pediatrics 2001, 107:1387.

6. Mistry KM, Minkovitz CS, Strobino DM, Borzekowski DLG: Children’s
television exposure and behavioural and social outcomes at 5.5 years:
Does timing of exposure matter? Pediatrics 2007, 120:762-769.

7. Hancox RJ, Milne BJ, Poulton R: Association of television viewing during
childhood with poor educational achievement. Arch Pediatr Adolesc Med
2005, 159:614-618.

8. Hancox RJ, Milne BJ, Poulton R: Association between child and adolescent
television viewing and adult health: A longitudinal birth cohort study.
Lancet 2004, 364:257-262.

9. Paik H, Comstock G: The effects of television violence on antisocial
behaviour - a meta analysis. Commun Res 1994, 21:516-546.

10. Janz KF, Burns TL, Levy SM: Tracking of activity and sedentary behaviors
in childhood: The iowa bone development study. Am J Prev Med 2005,
29:171-178.

11. Kelly LA, Reilly JJ, Jackson DM, Montgomery C, Grant S, Paton JY: Tracking
physical activity and sedentary behavior in young children. Pediatr Exerc
Sci 2007, 19:51-60.

12. Janz K, Dawson J, Mahoney L: Tracking physical fitness and physical
activity from childhood to adolescence: The muscatine study. Med Sci
Sports Exerc 2000, 32:1250-1257.

13. Metallinos-Katsaras E, Freedson PS, Fulton JE, Sherry B: The association
between an objective measure of physical activity and weight status in
preschoolers. Obesity 2007, 15:686-694.

14. Bower JK, Hales DP, Tate DF, Rubin DA, Benjamin SE, Ward DS: The
childcare environment and children’s physical activity. Am J Prev Med
2008, 34:23-29.

15. Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M: Physical activity among
children attending preschools. Pediatrics 2004, 114:1258-1263.

16. Fisher A, Reilly JJ, Montgomery C, Kelly LA, Williamson A, Jackson DM,
Paton JY, Grant S: Seasonality in physical activity and sedentary behavior
in young children. Pediatr Exerc Sci 2005, 17:31-40.

17. Janz KF, Levy SM, Burns TL, Torner JC, Willing MC, Warren JJ: Fatness,
physical activity, and television viewing in children during the adiposity
rebound period: The iowa bone development study. Prev Med 2002,
35:563-571.

18. Alhassan S, Sirard JR, Robinson TN: The effects of increasing outdoor play
time on physical activity in latino preschool children. Int J Pediatr Obesity
2007, 2:153-158.

19. Manios Y, Aly H, Moustafa MF, Hassanein SM, Massaro AN, Amer HA,
Patel K, Chen X, Sekine M, Hamanishi S, Wang H, Hayashikawa Y,
Yamagami T, Kagamimori S: Design and descriptive results of the
“Growth, exercise and nutrition epidemiological study in preschoolers":
The genesis study. BMC Public Health 2006, 6:32.

20. Stolley MR, Fitzgibbon ML, Dyer A, Horn LV, KauferChristoffel K, Schiffer L:
Hip-hop to health jr., an obesity prevention program for minority
preschool children: Baseline characteristics of participants. Prev Med
2003, 36:320.

21. Van Der Horst K, Paw MJ, Twisk JW, Van Mechelen W: A brief review on
correlates of physical activity and sedentariness in youth. Med Sci Sports
Exerc 2007, 39:1241-50.

22. Gorely T, Marshall S, Biddle S: Couch kids: Correlates of television viewing
among youth. Int J Behav Med 2004, 11:152-163.

23. Sallis JF, Prochaska JJ, Taylor W: A review of correlates of physical activity
of children and adolescents. Med Sci Sports Exerc 2000, 32:963-75.

24. Hinkley T, Crawford D, Salmon J, Okely AD, Hesketh K: Preschool children
and physical activity: A review of correlates. Am J Prev Med 2008,
34:435-441.

25. Montgomery C, Reilly J, Jackson D, Kelly L, Slater C, Paton J, Grant S:
Relation between physical activity and energy expenditure in a
representative sample of young children. Am J Clin Nutr 2004, 80:591-596.

26. Kelly LA, Reilly JJ, Fisher A, Montgomery C, Williamson A, McColi JH,
Paton JY, Grant S: Effect of socioeconomic status on objectively
measured physical activity. Arch Dis Child 2006, 91:35-38.

27. Cardon GM, De Bourdeaudhuij IM: Are preschool children active enough?
Objectively measured physical activity levels. Res Q Exerc Sport 2008,
79:326-32.

28. Hannon JC, Brown BB: Increasing preschoolers’ physical activity
intensities: An activity-friendly preschool playground intervention. Prev
Med 2008, 46:532-536.

29. Temple VA, Naylor P-J, Rhodes RE, Higgins JW: Physical activity of children
in family child care. Appl Physiol Nutr Metab 2009, 34:794-798.

30. Williams HG, Pfeiffer KA, O’Neill JR, Dowda M, McIver KL, Brown WH,
Pate RR: Motor skill performance and physical activity in preschool
children. Obesity 2008, 16:1421-1426.

31. Fisher A, Reilly JJ, Kelly LA, Montgomery C, Williamson A, Paton JY, Grant S:
Fundamental movement skills and habitual physical activity in young
children. Med Sci Sports Exerc 2005, 37:684-688.

32. Spurrier NJ, Magarey AA, Golley R, Curnow F, Sawyer MG: Relationships
between the home environment and physical activity and dietary
patterns of preschool children: A cross-sectional study. International
Journal of Behavioral Nutrition and Physical Activity 2008, 5:31.

Hinkley et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:66
http://www.ijbnpa.org/content/7/1/66

Page 9 of 10

http://www.biomedcentral.com/content/supplementary/1479-5868-7-66-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/11064848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11064848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17556704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17556704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457449?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457449?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11389262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11389262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17908763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17908763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17908763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15996992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15996992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15262103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15262103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16168865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16168865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17554157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17554157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10912890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10912890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17372319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17372319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17372319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18083447?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18083447?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15520105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15520105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16480515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16480515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16480515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12634023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12634023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17762356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17762356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15496343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15496343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10795788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10795788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18407012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18407012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15321797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15321797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16239246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16239246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18816944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18816944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18313741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18313741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19767816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19767816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18388895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18388895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15809570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15809570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18513416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18513416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18513416?dopt=Abstract


33. Tey C, Wake M, Campbell M, Hampton A, Williams J: The light time-use
diary and preschool activity patterns: Exploratory study. Int J Pediatr
Obesity 2007, 2:167-173.

34. Dennison BA, Erb TA, Jenkins PL: Television viewing and television in
bedroom associated with overweight risk among low-income preschool
children. Pediatrics 2002, 109:1028-1035.

35. Anand S, Krosnick JA: Demographic predictors of media use among
infants, toddlers, and preschoolers. Am Behav Sci 2005, 48:539-561.

36. Dennison B, Russo T, Burdick P, Jenkins P: An intervention to reduce
television viewing by preschool children. Arch Pediatr Adolesc Med 2004,
158:170-176.

37. Vandewater EA, Rideout VJ, Wartella EA, Huang X, Lee JH, Shim M: Digital
childhood: Electronic media and technology use amog infants, toddlers,
and preschoolers. Pediatrics 2007, 119:e1006-e1015.

38. Miller SA, Taveras EM, Rifas-Shiman SL, Gillman MW: Association between
television viewing and poor diet quality in young children. Int J Pediatr
Obesity 2008, 1.

39. Kuepper-Nybelen J, Lamerz A, Bruning N, Hebebrand J, Herpertz-
Dahlmann B, Brenner H: Major differences in prevalence of overweight
according to nationality in preschool children living in germany:
Determinants and public health implications. Arch Dis Child 2005,
90:359-363.

40. Straker LM, Pollock CM, Zubrick SR, Kurinczuk JJ: The association between
information and communication technology exposure and physical
activity, musculoskeletal and visual symptoms and socio-economic
status in 5-year-olds. Child Care Health Dev 2006, 32:343-351.

41. Okely AD, Trost SG, Steele JR, Cliff DP, Mickle K: Adherence to physical
activity and electronic media guidelines in australian pre-school
children. Journal of Paediatrics and Child Health 2009, 45:5-8.

42. Burdette HL, Whitaker RC: A national study of neighborhood safety,
outdoor play, television viewing, and obesity in preschool children.
Pediatrics 2005, 116:657-662.

43. Proctor MH, Moore LL, Gao D, Cupples LA, Bradlee ML, Hood MY,
Ellison RC: Television viewing and change in body fat from preschool to
early adolescence: The framingham children’s study. Int J Obes Relat
Metab Disord 2003, 27:827-833.

44. Kourlaba G, Kondaki K, Liarigkovinos T, Manios Y: Factors associated with
television viewing time in toddlers and preschoolers in greece: The
genesis study. J Public Health (Oxf) 2009, 31:222-30.

45. Dowda M, Pate R, Trost S, Almeida M, Sirard J: Influences of preschool
policies and practices on children’s physical activity. J Community Health
2004, 29:183-196.

46. Sallis JF, Nader PR, Broyles SL, Berry CC, Elder JP, McKenzie TL, Nelson JA:
Correlates of physical activity at home in mexican-american and anglo-
american preschool children. Health Psychol 1993, 12:390-398.

47. Pate RR, McIver K, Dowda M, Brown WH, Addy C: Directly observed
physical activity levels in preschool children. J Sch Health 2008,
78:438-444.

48. Brown WH, Pfeiffer KA, McIver KL, Dowda M, Addy CL, Pate RR: Social and
environmental factors associated with preschoolers’ nonsedentary
physical activity. Child Dev 2009, 80:45-58.

49. Taylor RW, Murdoch L, Carter P, Gerrard DF, Williams SM, Taylor BJ:
Longitudinal study of physical activity and inactivity in preschoolers: The
flame study. Med Sci Sports Exerc 2009, 41:96-102.

50. Jago R, Baranowski T, Thompson D, Baranowski J, Greaves K: Sedentary
behavior, not tv viewing, predicts physical activity among 3- to 7-year-
old children. Pediatr Exerc Sci 2005, 17:364-376.

51. Cardon G, Labarque V, Smits D, Bourdeaudhuij ID: Promoting physical
activity at the pre-school playground: The effects of providing markings
and play equipment. Prev Med 2009, 48:335-40.

52. Frank GC: Taking a bite out of eating behavior: Food records and food
recalls of children. J Sch Health 1991, 61:198-200.

53. Sallis JF: Self-report measures of children’s physical activity. The Journal
Of School Health 1991, 61:215-219.

54. Baranowski T, Domel S: A cognitive model of children’s reporting of food
intake. Am J Clin Nutr 1994, 59:212S-217.

55. Rockett HRH, Wolf AM: Development and reproducibility of a food
frequency questionnaire to assess diets of older children and
adolescents. J Am Diet Assoc 1995, 95:336.

doi:10.1186/1479-5868-7-66
Cite this article as: Hinkley et al.: Correlates of sedentary behaviours in
preschool children: a review. International Journal of Behavioral Nutrition
and Physical Activity 2010 7:66.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hinkley et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:66
http://www.ijbnpa.org/content/7/1/66

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/12042539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12042539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12042539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14757609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14757609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17473074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17473074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17473074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16634979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16634979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16634979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16634979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19208059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19208059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19208059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16140705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16140705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12821969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12821969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19224946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19224946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19224946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15141894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15141894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8223363?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8223363?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18651931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18651931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19236392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19236392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19236392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19092702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19092702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19236894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19236894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19236894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1943041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1943041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1943046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8279427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8279427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7860946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7860946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7860946?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search procedure
	Selection of variables

	Results
	Demographic and biological variables
	Behavioural attributes and skills variables
	Social and cultural variables
	Physical environmental variables

	Discussion
	Limitations of the published literature
	Future directions

	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

