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Abstract

Background: Canada has recently released guidelines that include toddler-specific recommendations for physical
activity, screen-based sedentary behaviour, and sleep. This study examined the proportions of toddlers meeting the
new Canadian 24-Hour Movement Guidelines for the Early Years (0–4 years) and associations with body mass index (BMI)
z-scores in a sample from Edmonton, Canada.

Methods: Participants included 151 toddlers (aged 19.0 ± 1.9 months) for whom there was complete objectively
measured physical activity data from the Parents’ Role in Establishing healthy Physical activity and Sedentary behaviour
habits (PREPS) project. Toddlers’ physical activity was measured using ActiGraph wGT3X-BT monitors. Toddlers’ screen
time and sleep were measured using the PREPS questionnaire. Toddlers’ height and weight were objectively
measured by public health nurses and BMI z-scores were calculated using World Health Organization growth
standards. Meeting the overall 24-Hour Movement Guidelines was defined as: ≥180 min/day of total physical
activity, including ≥1 mi

strategies to reduce screen time appears key for increasing the proportion of toddlers meeting the 24-Hour Movement
Guidelines for the Early Years. Future research should examine the associations between meeting the new guidelines
and other health indicators. Furthermore, future high-quality studies examining dose-response relationships between
movement behaviours and health indicators are needed to inform guideline updates.
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Background
One assumption regarding children in the early years
(aged 0–4 years) is that they are inherently physically
active and thus healthy [1]. Though several studies have
consistently reported that physical activity is favourably
associated with several health outcomes [2–8], the amount
that early years children participate in varies significantly
across studies [9]. As for sedentary behaviour, television
viewing,which is the most commonly assessed type of sed-
entary behaviour, is consistently associated with unfavour-
able health outcomes [2, 3, 5–8, 10, 11]. Given that
physical activity and sedentary behaviour patterns can be
established in the early years [12, 13], it is important to
promote healthy active lifestyles during these formative
years. As such, Canada developed Physical Activity and
Sedentary Behaviour Guidelines for the Early Years in
2012 [14, 15]. These guidelines aligned with those devel-
oped in Australia and the United Kingdom [16, 17].
In addition to separate physical activity and sedentary

behaviour guidelines, sleep guidelines have been devel-
oped by several organizations, including the National
Sleep Foundation [18] and the American Academy of
Sleep Medicine [19]. These guidelines are based on evi-
dence that adequate sleep is important for the health of
children in the early years [18, 19]. There has been re-
cent scientific recognition that physical activity, seden-
tary behaviour, and sleep are co-dependent behaviours
that form a movement behaviour continuum within a
24-h period, with mutual influence on health [20]. Con-
sequently, Canada has recently taken a unified approach
and developed Canadian 24-Hour Movement Guidelines
for the Early Years (0–4 years): An Integration of Phys-
ical Activity, Sedentary Behaviour, and Sleep [21]. These
guidelines were informed by four systematic reviews on
the association between physical activity [5], sedentary
behaviour [6], sleep [7], and combinations of movement
behaviours [8] with health indicators in infants, toddlers,
and preschoolers, in conjunction with novel compos-
itional analyses, expert opinion, international harmonization,
and stakeholder input.
Determining the proportions of children who meet or

do not meet the new 24-Hour Movement Guidelines, and
specific recommendations within those guidelines, enables
researchers and public health practitioners to more effect-
ively monitor participation and identify health risks. This
knowledge is important from a population health stand-
point because it can inform the research and development
of appropriate preventive strategies, such as interventions.
This knowledge can also aid the informed allocation of
limited public resources and the design of public and pro-





toddlers who participated in the PREPS project [38].
Toddlers were classified as meeting the ‘time spent re-
strained’ recommendation within the overall guidelines
if it was reported that the time they spent being re-
strained was limited to <1 h at a time, 7 days a week.

Sleep duration
In the PREPS questionnaire, parents reported the time
their toddlers usually spent sleeping during the daytime
(i.e., nap) and nighttime. The total sleep time in hours was
calculated by adding time spent in day- and nighttime
sleep. These questions have shown good 1-week test-



within the guidelines and adiposity before and after adjust-
ing for toddlers’ age, sex, race/ethnicity, main type of child



15.2% met the screen time recommendations, and 82.1%
met the sleep recommendations. Additionally, 11.9% met
both screen time and sleep recommendations, 15.2% met
both physical activity and screen time recommendations,
and 81.5% met both physical activity and sleep recommen-
dations. Finally, 11.9% met the overall guidelines (i.e., all
three recommendations), 72.9% met two out of three
recommendations, and 15.2% met only one out of three
recommendations. It is important to note that 148 out of
151 toddlers were aged 12–23 months and therefore the
‘no screen time’ recommendation applied.
Figure 2 presents the proportions of toddlers progres-

sing toward meeting the physical activity recommenda-
tions for preschoolers (i.e., ≥60 min of MVPA daily).
The proportions of toddlers accumulating an average of
≥180 min/day of TPA including an average of ≥20, ≥30,
≥45, and ≥60 min/day of MVPA were 99.3%, 94.7%,
78.1%, and 44.4% respectively.
Unadjusted and adjusted associations between meeting

the specific and general combinations of movement be-
haviour recommendations and BMI z-scores are shown
in Table 2. No significant associations were observed.
Sedentary time and time spent restrained were also not



only 15% met screen time recommendations. Almost half
of the sample (44%) accumulated 60 min/day of MVPA,
but only 34% of the sample were restrained for <1 h at a
time daily. No associations existed between meeting
specific and general combinations of recommendations,
and BMI z-scores.
Almost all participants (99%) met the physical activity

recommendations in our sample of toddlers. Using simi-
lar methodology and ActiGraph accelerometers, Hnatiuk
and colleagues [24] as well as Santos and colleagues [30]

also found that the majority of toddlers (90.5%–96.5%)
met the physical activity recommendations. Additional
research, using comparable methodology, is required to
draw more conclusive results on toddlers’ physical activ-
ity. This includes accurately identifying different inten-
sities of physical activity among toddlers using
accelerometry. To date, research examining the validity
and feasibility of accelerometers in toddlers is lacking
compared to that of preschoolers [43]. It is also import-
ant to note that approximately 80% of the TPA that tod-
dlers in the present study participated in was of light
intensity. This is in line with existing evidence suggest-
ing that most physical activity among toddlers is per-
formed at low intensity [24, 37, 44].
LPA is indeed an important aspect of overall physical

activity, given the behavioural characteristics of young
developing children being spontaneous and intermittent
[45]. In other words, physical activity tempo among
young children under natural conditions is typically a
series of brief bursts of intense activities scattered
throughout varying intervals of lower-intensity activities
[46]. This is likely because young developing children
can recover quickly from a single burst of intense activ-
ity; however, they do not have the cardiovascular or
neuromuscular capacity to maintain their activity at high
intensity for a longer period [46, 47]. Regardless, MVPA
appears to become increasingly important for healthy
growth and development as early years children get
older [48]. Thus, it is necessary to support families and
child-care centres to ensure that all toddlers are progres-
sing toward at least 60 min/day of MVPA throughout
their preschool years. Such efforts may include providing
environmental infrastructure for physical activity in
neighbourhoods, implementing appropriate policies in
child-care centres, and making resources available and
accessible to families [49].
Similar to physical activity, a large proportion of tod-

dlers (82%) met the sleep recommendations within the
24-Hour Movement Guidelines. Among 202 Australian
toddlers, 79.7% met the recommendation [30]. Using the
same benchmarks as the 24-Hour Movement Guidelines
[18, 19], 66.0% of a national sample of New Zealand tod-
dlers [50], 66.2% of 523 Italian toddlers [28], and 85.9%
of 2800 Dutch toddlers [29] met the recommendations.
Overall, these findings from a small number of studies
suggest a number of toddlers from different population
groups are achieving sufficient sleep. Given the limited
number of studies, more research is required to eluci-
date prevalence estimates of toddlers obtaining adequate
sleep for health benefits in various population groups. In
regard to this, Beebe [51] suggested that when studying
optimal sleep needs, future research should consider be-
havioural diversity across cultures as well as within a
culture. This is because sleep behaviours and their

Table 2 Associations between meeting the combinations of
the 24-Hour Movement Guidelines and adiposity among toddlers
(n = 134)

Meeting
recommendations

BMI z-score

Unadjusted
B (95% CI)

Adjusted
B (95% CI)

Specific combinations of movement behaviours

Physical activity + screen time + sleep

Not met Reference Reference

Met 0.268 (−0.375, 0.910) 0.198 (−0.468, 0.863)

At least physical activity + screen time

Not met Reference Reference

Met 0.181 (−0.400, 0.762) 0.047 (−0.559, 0.653)

At least physical activity + sleep

Not met Reference Reference

Met 0.130 (−0.399, 0.659) 0.230 (−0.316, 0.776)

At least screen time + sleep

Not met Reference Reference

Met 0.268 (−0.375, 0.910) 0.198 (−0.468, 0.863)

At least physical activity

Not met Reference Reference

Met 0.919 (−1.434, 3.272) 0.391 (−2.064, 2.846)

At least screen time

Not met Reference Reference

Met 0.181 (−0.400, 0.762) 0.047 (−0.559, 0.653)

At least sleep

Not met Reference Reference

Met 0.087 (−0.451, 0.625) 0.222 (−0.339, 0.783)

General combinations of movement behaviours

All three Reference Reference

Two out of three −0.254 (−0.905, 0.398) −0.175 (−0.851, 0.502)

One out of three −0.335 (−1.139, 0.468) −0.302 (−1.126, 0.522)

None NA NA



correlates can be determined predominantly by cul-
tural factors (e.g., parent-child co-sleeping, bed shar-
ing). Further, some research findings suggest that
daytime napping and nighttime sleep have different
effects on health and development in early years chil-
dren [52, 53]. Thus, it may be important to explore
the health effects of daytime and nighttime sleep sep-
arately among early years children.
Despite the large proportion of toddlers meeting the

physical activity and sleep recommendations, only 15%
of toddlers met the screen time recommendation in the
present study. This is similar or lower compared to
other samples of toddlers in Canada (i.e., 21.9% in
Vanderloo and Tucker’



multiple times to minimize measurement error [65].
Additionally, screen time and sleep were parental-
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