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Abstract
Background: New Canadian 24-Hour Movement Guidelines for the Early Years have been released in 2017. According
to the guidelines, within a 24-h period, preschoolers should accumulate at least 180 min of physical activity
(of which at least 60 min is moderate-to-vigorous physical activity), engage in no more than 1 h of screen
time, and obtain between 10 and 13 h of sleep. This study examined the proportions of preschool-aged (3 to 4 years)
Canadian children who met these new guidelines and different recommendations within the guidelines, and
the associations with adiposity indicators.
Methods: Participants were 803 children (mean age: 3.5 years) from cycles 2–4 of the Canadian Health
Measures Survey (CHMS), a nationally representative cross-sectional sample of Canadians. Physical activity was
accelerometer-derived, and screen time and sleep duration were parent-reported. Participants were classified
as meeting the overall 24-Hour Movement Guidelines if they met all three specific time recommendations for
physical activity, screen time, and sleep. The adiposity indicators in this study were body mass index (BMI) zscores and BMI status (World Health Organization Growth Standards).
Results: A total of 12.7% of preschool-aged children met the overall 24-Hour Movement Guidelines, and 3.3%
met none of the three recommendations. A high proportion of children met the sleep duration (83.9%) and
physical activity (61.8%) recommendations, while 24.4% met the screen time recommendation. No associations
were found between meeting individual or combined recommendations and adiposity.
Conclusions: Very few preschool-aged children in Canada (~13%) met all three recommendations contained
within the 24-Hour Movement Guidelines. None of the combinations of recommendations were associated with
adiposity in this sample. Future work should focus on identifying innovative ways to reduce screen time in
this population, and should examine the associations of guideline adherence with health indicators other than
adiposity.
Keywords: Physical activity, Sedentary behaviour, Screen time, Sleep, Obesity, Weight, Surveillance,
Recommendations, Early years
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Background
It is well established that a lifestyle characterized by high
levels of physical activity, low levels of sedentary behaviour,
and sufficient amounts of sleep is important for optimal
health. Although movement-related behaviours (i.e., physical activity, sedentary behaviour, and sleep) have typically
been studied in isolation, compelling evidence shows that
these behaviours interact with one another to impact
health [1–3]. In order to move from a segregated to an integrated approach to healthy movement behaviours for
children in the preschool years (aged 0–4 years), a group of
international experts undertook an evidence-informed
process to develop and subsequently release in 2017 the
Canadian 24-Hour Movement Guidelines for the Early
Years (0–4 years): An Integration of Physical Activity, Sedentary Behaviour, and Sleep (24-Hour Movement Guidelines) [4]. The guidelines provide a new approach to
population health promotion by integrating all behaviours
along the movement continuum in order to shift the thinking from “independent movement behaviours” to the concept that “the whole day matters” [4].
Despite mixed findings in the literature, even isolated
adherence to physical activity, screen time, and sleep
duration recommendations has generally been associated
with lower adiposity in children of the early years [5–7].
However, how combinations of these movement behaviours are associated with adiposity in this population is
largely unknown. Given that 42 million children under
5 years have overweight or obesity worldwide [8] and
that early intervention of movement behaviours has been
identified as a promising strategy for obesity prevention
[9], it is important to examine these associations from
an integrated perspective.
The objectives of this study were twofold. First, we
aimed to determine the proportion of preschool-aged
children in Canada who meet the overall 24-Hour Movement Guidelines and the individual, time-specific recommendations for physical activity, screen time, and sleep
duration that are contained within the guidelines. Second, we aimed to examine the associations between
meeting versus not meeting the physical activity, screen
time, and sleep duration recommendations (and combinations of these recommendations), and body weight
status and body mass index (BMI) z-scores.
Methods
Participants

Participants were children aged 3 to 4 years from cycles
2 (2009–2011), 3 (2012–2013) and 4 (2014–2015) of the
Canadian Health Measures Survey (CHMS) [10]. Each
cycle of the CHMS collects cross-sectional data from a
nationally representative sample of the Canadian population aged 3–79 years living in private households. Data
from cycle 1 were not included in the present paper
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because only 6- to 79-year-olds were surveyed in that
cycle. For this analysis, data from cycles 2 to 4 of the
CHMS were combined (according to Statistics Canada
specifications) [11], in order to increase sample size and
the precision of estimates.
Data collection included an interview in each participant’s home (conducted by trained Statistics Canada survey staff ), followed by a visit by the participant to a
mobile examination centre for a physical health examination. At the end of this examination, participants received an accelerometer to wear during waking hours
for 7 consecutive days. A total of 1155 participants aged
3 to 4 years were eligible for this study. This analysis is
based on a subset of that sample (n = 803); the remainder were excluded because of incomplete accelerometer
(n = 330), measured BMI (n = 8), or household education (n = 14) data.
Ethics approval for the CHMS was obtained from
Health Canada and the Public Health Agency of Canada
Research Ethics Board [12]. Written informed consent
was obtained from a parent or legal guardian, and assent
was obtained from the child. More information about
the CHMS can be found elsewhere [13–16].
Meeting the 24-Hour Movement Guidelines

For surveillance of the new 24-Hour Movement Guidelines
for preschoolers (aged 3–4 years), it has been agreed [4]
that the following recommendations be examined to assess adherence: within a 24-h period, preschoolers should
have at least 180 min of physical activity (of which at least
60 min is moderate-to-vigorous physical activity [MVPA]),
engage in no more than 1 h of screen time, and obtain between 10 and 13 h of sleep. We classified participants as
meeting the overall 24-Hour Movement Guidelines if they
met all of these recommendations.
Physical activity

Physical activity was objectively measured using Actical
accelerometers (Philips Respironics, Oregon, USA). Participants wore the device on an elastic belt around their
waist over their right hip for 7 consecutive days. Data
were collected in 60-s epochs in cycle 2, and 15-s epochs
in cycles 3 and 4. The memory capacity of the Actical
accelerometers used in the CHMS allowed for 7 days of
data to be recorded in cycle 2 (60-s epochs), but for only
~5.5 days for cycles 3 and 4 because a shorter epoch was
used (15-s epochs); therefore, days 6 and 7 were excluded for participants in cycle 2 in order for data to be
comparable across cycles. Data were collected on a continuous basis, 7 days per week, so excluding days 6 and
7 introduced no bias. Non-wear time in cycle 2 was defined as ≥60 consecutive minutes of zero counts, with allowance for 2 min of counts between zero and 100.
Non-wear time in cycles 3 and 4 was defined as at least
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240 intervals of 15 s of zero counts, with allowance for
30 s of counts between 0 and 25 [17, 18]. Daytime naps
should thus be counted as non-wear time rather than
sedentary time. A valid day was defined as ≥5 h of wear
time during waking hours [18]. To be included in the
analyses, participants were required to have 3 or more
valid days [19, 20].
The mean wear time for valid days was 12.0 h in the
combined cycles. In cycle 2, light-intensity physical activity (LPA) was defined as 100–1149 counts per minute
(cpm) and MVPA as ≥1150 cpm [21]. In cycles 3 and 4,
LPA was defined as 25–278 counts per 15 s and MVPA
as ≥288 counts per 15 s. The 15-s epoch data of cycles
3–4 were then converted into min/day by multiplying
the values by 4. In order to ensure the data were comparable across cycles, correction factors were used on
the min/day variables from cycle 2 [22]. Average minutes
per day of physical activity (i.e., ≥LPA) and MVPA across
valid days were calculated, and participants were categorized as meeting the physical activity recommendation if
they obtained ≥180 min/day of physical activity at any
intensity, including at least 60 min of MVPA.
Screen time

Average daily screen time of participants was assessed as
part of the in-home interview. Parents/guardians were
asked, on average, how many hours a day the child
spends 1) watching TV or videos or playing video
games, and 2) on a computer. The response categories
differed between cycle 2 (none, <1, 1 to 2, 3 to 4, 5 to 6,
≥7) and cycles 3–4 (none, <1, 1 to <3, 3 to <5, 5 to <7,
≥7). For cycle 2, the average daily screen time was derived using the mid-point of the response category (i.e.,
0, 0.5, 1.5, 3.5, 5.5 and 7 h for the respective categories).
For cycles 3 and 4, the same midpoints applied in cycle
2 were assigned to each of the respective categories for
consistency, as previously shown [23]. Results of the two
screen time questions were summed to determine average daily screen time. Participants were categorized as
meeting the screen time recommendation if that sum
was ≤1 h/day.
Sleep duration

Since accelerometers were worn only during waking
hours, no objective measure of sleep was available in the
CHMS. Average daily sleep duration of participants was
therefore assessed by proxy report as part of the inhome interview. Parents/guardians were asked: “How
many hours does your child usually spend sleeping in a
24-hour period, excluding time spent resting?” Responses were rounded to the closest half-hour by the
interviewer. Participants were categorized as meeting the
sleep duration recommendation if parents reported that
their child obtained between 10 and 13 h of sleep a day.
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Adiposity

The adiposity indicators in this study were BMI z-scores
and body weight status as defined by the World Health
Organization Child Growth Standards [24]. Adiposity
was measured in the same way for all three CHMS cycles. Body weight and height were directly measured according to standardized procedures by trained health
measures specialists [25]. BMI (kg/m2) was calculated,
and age- and sex-specific BMI z-scores were computed
[24]. Participants were classified as “at risk of overweight, or overweight/obesity” or “not” for the analyses.
Of note, there were no underweight (also referred as
thin) children in this sample. It was not possible to create an overweight/obesity status-only group due to a
lack of statistical power (only 8% of the sample had overweight or obesity).
Covariates

Age, sex, and highest household education were included
as covariates based on previous research examining the
association between movement behaviours and health indicators in children of the early years [5–7] and availability
of measures within the CHMS. Highest household education was coded into three categories: “secondary school or
less”, “some post-secondary, less than bachelor’s degree”,
and “bachelor’s degree or higher”.
Statistical analyses

All analyses were performed using SAS version 9.3 (SAS
Institute, Cary, NC, USA) and SUDAAN version 11.0
(RTI International, Raleigh, NC, USA). Survey and
accelerometer-specific survey weights for the combined
cycles were used to ensure results were representative of
the Canadian population in this age group [11]. Descriptive statistics were used to examine the average daily
time engaged in physical activity, screen time, and sleep
as well as the proportion of participants meeting the 24Hour Movement Guideline recommendations for each
movement behaviour both separately and for all possible
combinations. Associations between meeting versus not
meeting the recommendations of the 24-Hour Movement Guidelines, alone or in combinations, with “at risk
of overweight, or overweight/obesity” (0, no; 1, yes) were
assessed using logistic regression. Models were adjusted
for age, sex, and highest household education. Differences in BMI z-scores between participants who were
meeting versus not meeting the different combinations
of recommendations were determined using the PROC
DESCRIPT command and CONTRAST statement. Statistical significance was set at a p value of <0.05. The 95%
confidence intervals (CIs) and coefficients of variation
were derived using the bootstrap re-sampling method
to account for the complex sampling design of the
CHMS [26].
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Results
A total of 803 participants had complete data and were
included in the present analyses (355 3-year-olds and
448 4-year-olds). Descriptive characteristics of the participants are presented in Table 1. In the full sample,
69.0% were in the healthy weight category. Participants
were physically active for 4.6 h/day on average, of which
approximately 1 h was spent in MVPA. Average screen
time and sleep duration were 1.9 h/day and 10.6 h/day,
respectively. No significant differences were observed
between boys and girls for any descriptive characteristic,
including movement-related behaviours.
Figure 1 illustrates the proportion of preschool children in the full sample who met the physical activity,
screen time, and sleep duration recommendations, and
combinations of these recommendations. A total of
12.7% met all three recommendations. The majority met
the sleep duration (83.9%) and physical activity (61.8%)
recommendations, while only 24.4% met the screen time
recommendation. Overall, 3.3% of participants met none
of the three recommendations.
Table 2 shows the odds ratios for “at risk of overweight, or overweight/obesity” associated with meeting
versus not meeting the physical activity, screen time,
and sleep duration recommendations (and combinations
of these recommendations) in the full sample. Overall,

none of the odds ratios were statistically significant.
Likewise, none of the differences in BMI z-scores were
statistically significant between preschool children meeting versus not meeting the different combinations of
recommendations in the full sample (Table 3).

Discussion
The objectives of this study were to quantify the prevalence of preschool-aged children in Canada meeting the
new 24-Hour Movement Guidelines, and examine the extent to which adherence to the specific recommendations, and different intermediate combinations, was
associated with adiposity indicators. A key finding was
that almost all (~97%) preschool children met at least
one of the recommendations, but that very few (~13%)
met all three recommendations. A large majority met
the sleep duration recommendation (83.9%), followed by
the physical activity (61.8%) and screen time (24.4%) recommendations. None of the combinations of recommendations were associated with adiposity in this
sample of preschool-aged children.
The present findings are in line with those of Cliff et
al. [27], who reported that, in a sample of 246
preschool-aged children in Australia, 14.2% met the integrated 24-Hour Movement Guidelines. They also reported that high proportions of the children met the

Table 1 Weighted participant characteristics of the 2009/11, 2012/13 and 2014/15 Canadian Health Measures Survey
Full sample (n = 803)

Boys (n = 400)a

Girls (n = 403)a

Mean

95% CI

Mean

95% CI

Mean

95% CI

3.5

3.5–3.6

3.5

3.4–3.6

3.5

3.4–3.6

Secondary school or less

14.9

11.7–18.8

10.8E

6.8-16.6

18.8

13.6–25.5

Some post-secondary

35.2

29.1–41.7

37.1

29.7–45.2

33.3

25.9–41.7

Bachelor’s degree or higher

49.9

43.5–56.3

52.1

43.5–60.6

47.9

40.4–55.4

Healthy weight

69.0

63.2–74.1

67.1

60.5–73.1

70.7

62.2–77.9

At risk of overweight

23.1

19.0–27.8

23.3

17.9–29.6

23.0

17.6–29.4

Age (years)
Highest household education (%)

Body weight statusb (%)

Overweight/obesity

7.9

5.0-12.3

9.6

5.7-15.7

F

̶

Body mass index z-score

0.59

0.44–0.74

0.70

0.53–0.88

0.49E

0.24-0.73

MVPA (min/day)

68.1

65.4–70.7

69.5

66.6–72.3

66.7

63.2–70.2

LPA (min/day)

209.7

203.9–215.5

207.8

201.1–214.5

211.5

203.9–219.1

Total physical activity (min/day)

278.8

271.0–286.5

278.4

270.2–286.5

279.2

268.8–289.6

Screen time (h/day)

1.9

1.8–2.1

2.0

1.8–2.2

1.9

1.7–2.1

Sleep duration (h/day)

10.6

10.5–10.8

10.7

10.5–10.9

10.6

10.4–10.8

E

E

Movement behavioursc

CI confidence interval, LPA light-intensity physical activity, MVPA moderate-to-vigorous physical activity
Data are presented as mean for continuous variables and percentages for categorical variables
a
Data were not significantly different between boys and girls (all p > 0.05)
b
Defined according to the World Health Organization criteria [24]
c
Physical activity was based on accelerometer data, and screen time and sleep duration were parent-reported
E
Use with caution (coefficient of variation >16.6%)
F
Too unreliable to be published (coefficient of variation >33.3%)
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Table 2 Odds ratios for “at risk of overweight, or overweight/
obesity”a associated with meeting vs. not meeting the physical
activity, screen time, and sleep duration recommendations and
combinations of these recommendations in the full study sample
(n = 803)
OR

95% CI

p value

Meeting the following recommendations:

Fig. 1 Title: Venn diagram showing the proportion (%) of participants
meeting no recommendations; the physical activity, screen time, and
sleep duration recommendations; and combinations of these
recommendations, in the full study sample (n = 803)Legend: The
recommendations are: ≥180 min/day of physical activity (of which
≥60 min is moderate-to-vigorous physical activity), ≤1 h/day of
screen time, and 10–13 h/day of sleep. The sum of each circle is
equivalent to the % meeting each individual recommendation (i.e.,
61.8% for physical activity, 83.9% for sleep duration, and 24.4% for
screen time).

physical activity (93.1%) and sleep duration (88.6%) recommendations, and that a low proportion met the screen time
recommendation (15.0%). Although they did not have information on adiposity in their study, they reported that preschool children who met more of the recommendations,
especially the screen time and sleep duration guidelines, had
better social cognitive development than those meeting no
or fewer guidelines [27]. Lee and colleagues [28] and Santos
and colleagues [29] reported similar findings in Canadian
and Australian toddlers, respectively, in that high proportions met the physical activity and sleep guidelines, and low
proportions met the screen time and overall guidelines.
Thus, strategies and programs to promote adherence to the
screen time recommendation among young children are
needed but may be challenging to achieve in the current
technophilic society. The American Academy of Pediatrics
[30] recently provided several areas in which pediatric providers can offer specific guidance to families in managing
their young children’s screen time use, not only in terms of
content or time limits, but also emphasizing the importance
of parent-child shared media use and allowing the child to
take part in other developmentally healthy activities.
The fact that we did not find an association between
movement behaviours and adiposity in this sample of

At least PA

0.78

0.44–1.38

0.38

At least ST

0.64

0.37–1.08

0.09

At least SLEEP

1.52

0.75–3.05

0.24

At least PA + ST

0.66

0.34–1.31

0.23

At least PA + SLEEP

0.96

0.58–1.60

0.87

At least ST + SLEEP

0.73

0.39–1.35

0.30

All three recommendations

0.76

0.37–1.57

0.45

CI confidence interval, OR odds ratio, PA physical activity, SLEEP sleep duration,
ST screen time
Models adjusted for age, sex, and highest household education
Meeting the recommendations is defined as ≥180 min/day of physical activity
(of which ≥60 min is moderate-to-vigorous physical activity), ≤1 h/day of
screen time, and 10–13 h/day of sleep
a
Defined according to the World Health Organization criteria [24]. It was not
possible to examine the overweight/obesity category only, as the numbers in
that group were too low (8% of the sample)
None of the odds ratios are statistically significant
Physical activity was based on accelerometer data, and screen time and sleep
duration were parent-reported

preschool children is not very surprising. Kuzik et al. [31]
published a systematic review on the relationships between
combinations of movement behaviours and health indicators in children of the early years (0–4 years). While none
of the 10 studies included in their review reported on all
three combinations of movement behaviours, studies that
looked at the combination of two movement behaviours
generally found mixed findings for the associations with
adiposity in this population, mainly based on very low- to
low-quality evidence.
The observation that no association was found between
combinations of movement behaviours and adiposity in
preschool children is in contrast to what is reported for
school-aged children and adolescents (5–17 years). Specifically, combinations of lower sedentary behaviour and
higher physical activity have been shown to be favourably
associated with adiposity in 8/8 studies included in a recent systematic review [32]. A possible explanation for this
difference between age groups is the accumulative nature
of adiposity, i.e., the prevalence of overweight and obesity
increases as children progress from the early years to adolescence, and it may be too early to detect excess adiposity
in prechool-aged children with small inter-individual variability in the data [33]. Other possible explanations include (i) differences in measurement tools to assess
movement behaviours; (ii) differences in the robustness of
study designs (e.g., smaller sample sizes in preschool children); (iii) the likelihood that it is more difficult to find associations with adverse health indicators in a younger and
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Table 3 Differences in BMI z-score between participants meeting vs. not meeting the physical activity, screen time, and sleep duration
recommendations and combinations of these recommendations in the full study sample (n = 803)
Total sample (n = 803)

Boys (n = 400)

Girls (n = 403)

BMI z-score

95% CI

BMI z-score

95% CI

BMI z-score

95% CI

0.59E

0.39–0.79

0.79

0.56–1.03

F

̶

At least PA
Meet

E

0.59

0.38–0.80

0.55

0.30-0.79

0.62

0.33-0.92

Meet

0.41E

0.22–0.61

F

̶

0.40E

0.13–0.66

Do not meet

0.65

0.47–0.83

0.78

0.59–0.98

0.52E

0.19-0.84

0.59

0.43–0.76

0.63

0.45–0.80

0.57E

0.28-0.85

E

F

̶

Do not meet

E

E

At least ST

At least SLEEP
Meet

E

0.57

0.21–0.93

1.16

0.52-1.81

Meet

0.41E

0.23–0.58

0.52E

0.19-0.85

F

̶

Do not meet

0.62

0.45–0.79

0.73

0.54–0.92

0.52E

0.23-0.80

0.60E

0.38–0.82

0.69E

0.45-0.93

F

̶

0.58

0.39–0.77

E

0.72

0.44-1.00

0.46

0.23-0.69

Meet

0.45E

0.22–0.67

F

̶

0.45E

0.16–0.73

Do not meet

0.63

0.46–0.80

0.76

0.58–0.95

0.50E

0.18-0.81

0.46E

0.27–0.65

0.59E

0.21-0.96

F

̶

Do not meet
At least PA + ST

At least PA + SLEEP
Meet
Do not meet

E

At least ST + SLEEP

All three recommendations
Meet
Do not meet

0.61

0.44–0.78

0.72

0.54–0.90

E

0.50

0.22-0.79

BMI body mass index, CI confidence interval, PA physical activity, SLEEP sleep duration, ST screen time
Meeting the recommendations is defined as ≥180 min/day of physical activity (of which ≥60 min is moderate-to-vigorous physical activity), ≤1 h/day of screen
time, and 10–13 h/day of sleep
No significant differences in BMI z-scores were observed between meeting vs. not meeting the different recommendations
Physical activity was based on accelerometer data, and screen time and sleep duration were parent-reported
E
Use with caution (coefficient of variation >16.6%)
F
Too unreliable to be published (coefficient of variation >33.3%)

healthier population of children; or (iv) there is truly no
relationship in this age group. Adiposity at this age may
be more strongly determined by factors such as genetic
makeup, growth, or diet than movement behaviours.
Physical activity, sedentary time, and sleep duration are
three co-dependent behaviours that fall on the 24-h movement/non-movement intensity continuum [1]. Compositional data analyses provide an appropriate method for
analyzing the association between co-dependent movement
behaviour data and health indicators [2]. Carson et al. [34]
recently employed compositional analyses to examine the
integrated nature of movement behaviours and their relationship with adiposity in Canadian preschool-aged children. They observed null relationships for sleep, sedentary
time, and physical activity relative to one another; however,
the overall composition of movement behaviours was
favourably associated with BMI z-scores, suggesting that
the distribution of time between the movement behaviours
across the whole day matters. Future research that employs

appropriate analytic strategies for dealing with a finite
geometry such as a 24-h day will be instrumental in our understanding of the implications of movement behaviours on
various health outcomes in different populations, and will
provide important information for public health guidance.
Strengths of this study include the representative sample of preschool children, the use of objectively measured (accelerometer) data for physical activity, and the
fact that this is the first Canadian study to report on the
proportion of preschool-aged children meeting the new
24-Hour Movement Guidelines. The main limitations
include the cross-sectional design (which precludes
causal inferences being made), the lack of information
about diet and timing of adiposity rebound, and the selfreported nature of screen time and sleep duration
(which can result in misclassification). Accelerometer
wear time was lower in respondents not meeting the
physical activity recommendation (11.3 h/day) compared
to those meeting it (12.3 h/day); however, wear time

The Author(s) BMC Public Health 2017, 17(Suppl 5):829

adjustment did not affect the odds ratios for “at risk of
overweight, or overweight/obesity”. Also, not all types of
screen devices were listed in the screen time questionnaire (e.g., smartphones and tablets were not part of the
response options), screen time duration was reported in
a categorical nature and therefore was not precise, and
only the duration of movement behaviours was assessed.
Other aspects of these movement behaviours, such as sleep
disturbances, the content of screen time (e.g., educational
or not), or the quality of physical activity (e.g., active outdoor play vs. active video gaming) may also play an important role. Additionally, other health indicators such as social,
emotional, cognitive, or motor development may be more
sensitive to the movement behaviours than adiposity at this
age; however, these health indicators were not available in
the CHMS for this age group.

Conclusions
Collectively, only ~13% of Canadian preschool-aged children met the new 24-Hour Movement Guidelines (which
integrate recommendations for physical activity, screen
time, and sleep duration), particularly because only 24%
of them met the screen time guideline of ≤1 h/day. Furthermore, we observed that none of the movement behaviours, or combinations of movement behaviours,
were associated with adiposity in this sample. Future research should focus on finding solutions for promoting
better adherence to the screen time recommendation in
particular. Future studies also need to include a broader
set of health indicators (not only adiposity) in order to
offer a better understanding of the relationships between
meeting the new 24-Hour Movement Guidelines and
overall health.
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Canadian institution. The research data centre is accessible only to
researchers with approved projects who have been sworn in under the
Statistics Act as “deemed employees”.
About this supplement
This article has been published as part of BMC Public Health Volume 17
Supplement 5, 2017: 24-Hour Movement Guidelines for the Early Years: An
Integration of Physical Activity, Sedentary Behaviour, and Sleep. The full contents of the supplement are available online at https://bmcpublichealth.biomedcentral.com/articles/supplements/volume-17-supplement-5.
Authors’ contributions
JPC, RCC, SA, VC, IJ, KCR, and MST participated in the conception of the
article. RCC conducted the statistical analyses. JPC wrote the first version of
the manuscript. All authors participated in the revisions of the manuscript,
and read and approved the final manuscript.
Ethics approval and consent to participate
Ethics approval for the CHMS was obtained from Health Canada and the
Public Health Agency of Canada Research Ethics Board. Written informed
consent was obtained from a parent or guardian, and assent was obtained
from the child.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Healthy Active Living and Obesity Research Group, Children’s Hospital of
Eastern Ontario Research Institute, 401 Smyth Road, Ottawa, ON K1H 8L1,
Canada. 2Health Analysis Division, Statistics Canada, Ottawa, ON K1A 0T6,
Canada. 3Faculty of Physical Education and Recreation, University of Alberta,
Edmonton, AB T6G 2H9, Canada. 4School of Kinesiology and Health Studies,
Department of Public Health Sciences, Queen’s University, Kingston, ON K7L
3N6, Canada. 5Centre for Surveillance and Applied Research, Public Health
Agency of Canada, Ottawa, ON K1A 0K9, Canada.
Published: 20 November 2017

Abbreviations
BMI: Body mass index; CHMS: Canadian Health Measures Survey;
CI: Confidence interval; cpm: Counts per minute; LPA: Light-intensity physical
activity; MVPA: Moderate-to-vigorous physical activity
Acknowledgements
We would like to thank the participants of the Canadian Health Measures
Survey as well as the staff at Statistics Canada involved in the operations of
the survey.
Funding
The research was supported by funds to the Canadian Research Data Centre
Network (CRDCN) from the Social Sciences and Humanities Research Council
(SSHRC), the Canadian Institutes of Health Research (CIHR), the Canadian
Foundation for Innovation (CFI), and Statistics Canada. VC was supported by
a CIHR New Investigator Salary Award. Although the research and analyses
are based on data from Statistics Canada, the opinions expressed do not
represent the views of Statistics Canada. Publication charges for this article
have been funded through a grant from the Public Health Agency of
Canada.
Availability of data and materials
The datasets generated and/or analyzed during the current study are not
publicly available due to the Canadian Statistics Act, which explicitly states
that only employees or “deemed employees” of Statistics Canada are legally
allowed to access confidential microdata files. Requests to access the
datasets can be made through a research data centre at an applicable

References
1. Chaput JP, Saunders TJ, Carson V. Interactions between sleep, movement
and other non-movement behaviours in the pathogenesis of childhood
obesity. Obes Rev. 2017;18:7–14.
2. Chastin SFM, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined effects
of time spent in physical activity, sedentary behaviors and sleep on obesity
and cardio-metabolic health markers: a novel compositional data analysis
approach. PLoS One. 2015;10:e0139984.
3. Chaput JP, Carson V, Gray CE, Tremblay MS. Importance of all movement
behaviors in a 24 hour period for overall health. Int J Environ Res Public
Health. 2014;11:12575–81.
4. Tremblay MS, Chaput JP, Adamo KB, Aubert S, Barnes JD, Choquette L, et al.
Canadian 24-Hour Movement Guidelines for the Early Years (0-4 years): An
Integration of Physical Activity, Sedentary Behaviour, and Sleep. BMC Public
Health. 2017;17(5). [in press].
5. Carson V, Lee EY, Hewitt L, Jennings C, Hunter S, Kuzik N, et al. Systematic
review of the relationships between physical activity and health indicators
in the early years (0–4 years). BMC Public Health. 2017;17(5) [in press].
6. Poitras VJ, Gray CE, Janssen X, Aubert S, Carson V, Faulkner G, et al.
Systematic review of the relationships between sedentary behaviour and
health indicators in the early years (0–4 years). BMC Public Health. 2017;
17(5) [in press].
7. Chaput JP, Gray CE, Poitras VJ, Carson V, Gruber R, Birken CS, et al.
Systematic review of the relationships between sleep duration and health
indicators in the early years (0–4 years). BMC Public Health. 2017;17(5) [in
press].

The Author(s) BMC Public Health 2017, 17(Suppl 5):829

8.
9.

10.
11.

12.
13.
14.
15.
16.
17.

18.
19.

20.

21.

22.

23.

24.

25.
26.
27.

28.

29.

30.
31.

32.

World Health Organization. Early childhood fact sheet. 2009. http://www.
who.int/mediacentre/factsheets/fs311/en/. Accessed 15 September 2017.
World Health Organization. Report of the commission on ending childhood
obesity. 2016. http://apps.who.int/iris/bitstream/10665/204176/1/
9789241510066_eng.pdf. Accessed 15 September 2017.
Tremblay MS, Connor GS. Canadian health measures survey: brief overview.
Can J Public Health. 2007;98:453–6.
Statistics Canada. Instructions for combining multiple cycles of Canadian
health measures survey (CHMS) data. December 2015. http://www23.
statcan.gc.ca/imdb-bmdi/document/5071_D4_T9_V2-eng.htm. Accessed 15
September 2017.
Day B, Langlois R, Tremblay M, Knoppers BM. Canadian health measures survey:
ethical, legal and social issues. Health Rep. 2007;18:37–51.
Statistica Canada. Canadian health measures survey (CHMS) data user guide:
cycle 2. Ottawa: Statistics Canada; 2013.
Statistics Canada. Canadian health measures survey (CHMS) data user guide:
cycle 3. Ottawa: Statistics Canada; 2015.
Statistics Canada. Canadian health measures survey (CHMS) data user guide:
cycle 4. Ottawa: Statistics Canada; 2017.
Statistics Canada. Canadian health measures survey. 2016. www.statcan.gc.
ca/chms. Accessed 15 September 2017.
Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc. 2008;40:181–8.
Pfeiffer KA, Dowda M, McIver KL, Pate RR. Factors related to objectively measured
physical activity in preschool children. Pediatr Exerc Sci. 2009;21:196–208.
Rich C, Geraci M, Griffiths L, Sera F, Dezateux C, Cortina-Borja M. Quality
control methods in accelerometer data processing: defining minimum wear
time. PLoS One. 2013;8:e67206.
Kang M, Bjornson K, Barreira TV, Ragan BG, Song K. The minimum number
of days required to establish reliable physical activity estimates in children
aged 2-15 years. Physiol Meas. 2014;35:2229–37.
Adolph AL, Puyau MR, Vohra FA, Nicklas TA, Zakeri IF, Butte NF. Validation of
uniaxial and triaxial accelerometers for the assessment of physical activity in
preschool children. J Phys Act Health. 2012;9:944–53.
Colley RC, Harvey A, Grattan KP, Adamo KB. Impact of accelerometer epoch
length on physical activity and sedentary behaviour outcomes for
preschool-aged children. Health Rep. 2014;25:3–9.
Colley RC, Garriguet D, Adamo KB, Carson V, Janssen I, Timmons BW, Tremblay
MS. Physical activity and sedentary behavior during the early years in Canada: a
cross-sectional study. Int J Behav Nutr Phys Act. 2013;10:54.
WHO Multicentre Growth Reference Study Group. WHO child growth
standards based on length/height, weight and age. Acta Paediatr Suppl.
2006;450:76–85.
Canadian Society for Exercise Physiology. Canadian physical activity, fitness
and lifestyle approach (CPAFLA). 3rd ed. Ottawa: The Society; 2003.
Rust KF, Rao JNK. Variance estimation for complex surveys using replication
techniques. Stat Methods Med Res. 1996;5:283–310.
Cliff DP, McNeill J, Vella SA, Howard S, Santos R, Batterham M, et al.
Adherence to 24-Hour Movement Guidelines for the Early Years and
associations with social-cognitive development among Australian preschool
children. BMC Public Health. 2017;17(5). [in press].
Lee EY, Hesketh KD, Hunter S, Kuzik N, Rhodes RE, Rinaldi CM, et al. Meeting
new Canadian 24-Hour Movement Guidelines for the Early Years and
associations with adiposity among toddlers living in Edmonton, Canada.
BMC Public Health. 2017;17(5) [in press].
Santos R, Zhang Z, Pereira JR, Sousa-Sá E, Cliff DP, Okely AD. Compliance
with the Australian 24-hour Movement Guidelines for the Early Years:
associations with weight status. BMC Public Health. 2017;17(5) [in press].
American Academy of Pediatrics Council on Communications and Media.
Media and young minds. Pediatrics. 2016;138:e20162591.
Kuzik N, Poitras VJ, Tremblay MS, Lee EY, Hunter S, Carson V. Systematic
review of the relationships between combinations of movement behaviours
and health indicators in the early years (0–4 years). BMC Public Health. 2017;
17(5) [in press].
Saunders TJ, Gray CE, Poitras VJ, Chaput JP, Janssen I, Katzmarzyk PT, et al.
Combinations of physical activity, sedentary behaviour and sleep: relationships
with health indicators in school-aged children and youth. Appl Physiol Nutr
Metab. 2016;41:S283–93.

Page 154 of 215

33. Evensen E, Wilsgaard T, Furberg AS, Skeie G. Tracking of overweight and
obesity from early childhood to adolescence in a population-based cohort
– the Tromsø study. Fit Futures BMC Pediatr. 2016;16:64.
34. Carson V, Tremblay MS, Chastin SFM. Cross-sectional associations between
sleep duration, sedentary time, physical activity, and adiposity indicators
among Canadian preschool-aged children using compositional analyses.
BMC Public Health. 2017;17(5) [in press].

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

