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Abstract 

Background:  The importance of all movement behaviours (i.e., sleep, sedentary behaviour, and physical activity) for 
children’s health has led to the creation of national and international 24-h movement behaviour guidelines for chil‑
dren. Few studies have examined the associations between guideline adherence and a broad array of health indica‑
tors in early childhood, and no study has done so with composite development scores for overall development. The 
objective of the present study was to examine associations for 24-h movement guideline adherence with physical, 
cognitive, social-emotional, and overall development indicators in a sample of 3–5-year-olds.

Methods:  Children (n = 95) were recruited for this cross-sectional study in Edmonton, Canada. Sleep, light-intensity 
physical activity, and moderate- to vigorous-intensity physical activity were measured with ActiGraph wGT3X-BT 
accelerometers. Screen time was measured via parental-report. Guideline recommendation adherence was catego‑
rized using the Canadian 24-h Movement Guidelines. Composite z-scores were created for physical (i.e., adiposity, 
growth, motor skills), cognitive (i.e., vocabulary, executive functions), social-emotional (i.e., self-regulation, social-
emotional behaviours), and overall development. Linear regression models were conducted to examine associations 
between meeting different recommendation combinations (e.g., physical activity alone, combination of physical 
activity and sleep), and number of recommendations met (e.g., meeting only one of any of the recommendations) 
with each composite development outcome variable adjusted for relevant covariates.

Results:  Most children were 3–4 years old (77%) and males (69%). The physical activity guideline recommendation 
was the most frequently met single recommendation (94%), while the physical activity and sleep recommendations 
(80%) were the most frequently met combination of two recommendations. Further, 43% of children met all three 
recommendations. Meeting the sleep recommendation was positively associated with overall development (B: 0.29; 
95% CI: 0.08–0.50), while meeting both the sleep and physical activity recommendations was positively associated 
with overall (B: 0.28; 95% CI: 0.10–0.46) and physical (B: 0.27; 95% CI: 0.03–0.51) development.
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Background
Independent associations between movement behaviours 
(i.e., physical activity, sedentary behaviour, and sleep) and 
health indicators for physical, cognitive, and social-emo-
tional development have been observed in children of all 
ages [1–6]. In recent years, attention has been placed on 
all movement behaviours and their interactions with each 
other in a 24-h day. This new focus has led to the devel-
opment of 24-h movement guidelines by several coun-
tries as well as the World Health Organization (specific 
to under 5 years of age) [7]. For instance, Canada was the 
first to release 24-h movement guidelines for school-age 
children and youth (aged 5 to 17 years) in 2016 and for 
early years children (aged 0 to 4  years) in 2017, which 
included age-specific physical activity, sedentary behav-
iour, and sleep recommendations [8, 9].

Prior to the release of the national and international 
24-h movement guidelines, research examining the asso-
ciations between integrated movement behaviours and 
health indicators was sparse [10, 11], especially for early 
childhood or the first 5  years of life. However, the new 
guidelines have resulted in an increase of studies exam-
ining all 24-h movement behaviours and various health 
indicators in early childhood [12]. This research has com-
monly used two approaches: compositional analyses or 
guideline adherence analyses [12]. The former is a tech-
nique used to overcome collinearity when examining 
data that is meaningfully interpreted as a proportion of 
a whole [13]. For instance, using compositional analyses 
[14] in a sample of 3- to 5-year-olds, we previously found 
a favourable trend for physical development when sub-
stituting 30 min of other movement behaviours for mod-
erate- to vigorous-intensity physical activity (MVPA). 
Guideline adherence, the second approach, refers to 
meeting or not meeting public health guidelines. Using 
guideline adherence analyses allows for an understand-
ing of the associations for thresholds (e.g., ≥ 60 min/day 
of MVPA) or ranges (e.g., 10–13 h/day of total sleep) of 
movement behaviours. According to a systematic review, 
meeting movement behaviour thresholds or ranges set 
by 24-h movement guidelines was beneficial for multiple 
indicators of physical, cognitive, and social-emotional 
development in early childhood [12].

Early childhood is one of the most critical and sensi-
tive developmental periods in life, when children are 

susceptible to experiences that can be beneficial or del-
eterious to lifelong physical, cognitive, and social-emo-
tional development [15–17]. Thus, a comprehensive 
approach is warranted to understand how 24-h move-
ment guideline adherence impacts overall development. 
To date, most studies have focused on only one aspect of 
development (e.g., body mass index [BMI] z-score), with 
only one study of Australian children examining the asso-
ciation between meeting guidelines and health indicators 
for physical, cognitive, and social-emotional development 
[18]. Specifically, Hinkley et al. [18] found favourable lon-
gitudinal associations between certain recommendations 
within the guidelines and some indicators of physical 
and cognitive development, but null associations were 
observed with social-emotional development. How-
ever, no studies have examined the associations between 
guideline adherence and composite physical, cognitive, 
social-emotional, and overall development outcomes. 
Creating composite development scores [e.g., Early 
Childhood Development [19], Battelle Developmental 
Inventory [20]] can take into account the interconnect-
edness of children’s development. For instance, muscu-
loskeletal growth leads to a body capable of increasingly 
complex fine (e.g., grasping) and gross (e.g., walking) 
motor skills, which further enhances growth (e.g., mus-
cle development) through practice [21]; using an overall 
development score would simultaneously consider the 
contributions to development from growth and motor 
skills. The present study aimed to address these gaps by 
examining associations for adherence to 24-h movement 
guidelines with health indicators for composite physical, 
cognitive, social-emotional, and overall development in 
a sample of Canadian children aged 3–5-years. Further, 
considering the associations between physical, cognitive, 
and social-emotional development have previously been 
examined using compositional analyses in this sample 
[14], we sought to use the same data to compare findings 
with the guideline adherence approach, given these two 
approaches are fundamentally different.

Methods
Participants and procedures
Participants were children aged 3–5  years  from the 
Parent–Child Movement Behaviours and Preschool 
Children’s Development study. Full details regarding 

Conclusions:  Meeting sleep recommendations alone, as well as the combination of sleep and physical activity 
recommendations were associated with better physical and overall development in this sample. Future research 
should continue to examine a broad array of development outcomes using longitudinal study designs across early 
childhood.
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participants and procedures have been previously pub-
lished [14, 22, 23]. Briefly, parents with an eligible child 
or children were recruited either in person, via email, or 
social media from summer camps, classes, email lists, 
and social media platforms as part of a local division 
of a sport programming  organization called Sportball. 
From July–November 2018, a total of 131 participants 
from Edmonton, Canada and the surrounding areas were 
recruited and consented to participate in this study. Of a 
possible 102 children attending summer camps, 60 chil-
dren had parents provide consent to participate, though 
reasons for not participating were not tracked. Further, 
participation rates or reasons for non-participation were 
not measured from classes, emails, or social media due to 
logistical constraints. Ethics approval was received from 
the University of Alberta Research Ethics Board (Study 
ID: Pro00081175).

Data collection began with assessment of children’s 
motor skills at a University of Alberta sport and recrea-
tion centre in groups with 1–5 children. Following the 
motor development assessment, children wore an Acti-
Graph WGT3X-BT accelerometer 24  h/day for 7  days. 
When collecting the accelerometers from families’ homes 
or another location of their choice (n = 2), children com-
pleted cognitive development assessments on an iPad, 
while parents completed a questionnaire that included 
demographic information, screen time, and social-emo-
tional developmental indicators. Additionally, children’s 
height and weight were objectively measured.

Measures
Guideline adherence
Since participants were aged 3–5  years, the Canadian 
24-Hour Movement Guidelines for the Early Years (aged 
0–4 years) and for Children and Youth (aged 5–17 years) 
were used to assess guideline adherence [8, 9]. Surveil-
lance recommendations from the guideline develop-
ment processes were followed to determine adherence to 
specific physical activity, sedentary behaviour, and sleep 
recommendations.

Physical activity  Children aged 3–4 years were catego-
rized as meeting the physical activity recommendations if 
on average they had at least 180 min/day of total physical 
activity (TPA) and at least 60  min/day of MVPA, while 
children aged 5 years needed at least 60 min/day of MVPA 
with no requirement for TPA. Physical activity was meas-
ured with the ActiGraph WGT3X-BT accelerometer, 
worn on the right hip, 24-h/day for 7 days, programmed 
at 30 Hz, and downloaded in normal-filtered 15-s epochs. 
TPA was classified as > 26 counts/15  s, and MVPA was 
classified as ≥ 420 counts/15  s [24]. Non-wear time was 
defined as ≥ 20 min of consecutive zeros in the accelerom-

eter data [25]. A valid day was defined as at least 10 h of 
waking accelerometer wear time, and at least 2 valid days 
of accelerometer data were required to be included in the 
analysis [25].

Sedentary behaviour  Children aged 3–4  years were 
categorized as meeting the sedentary behaviour recom-
mendation if on average they had no more than 1 h/day of 
screen time, while children aged 5 years met the recom-
mendation if they had had no more than 2 h/day. The time 
per weekday and weekend day children spent viewing tel-
evision, videos, or DVDs on a portable device, computer, 
or television were reported by parents in a questionnaire. 
Additionally, parents reported the weekend and week-
day time children spent playing video/computer games 
on a variety of devices (e.g., cell phone, tablet, computer, 
consoles). The average total screen time/day was calcu-
lated by combining time spent playing video games and 
time spent viewing screens, then calculating the average 
daily duration based on weekend and weekday responses. 
These screen time items have demonstrated good test–
retest reliability in a previous study [26].

Sleep  Children aged 3–4  years were categorized as 
meeting the sleep recommendation if on average they 
had 10–13  h/day of total sleep (i.e., daytime and night-
time sleep), while children aged 5 years required 9–11 h/
day. Sleep was measured through visual inspection of low 
frequency extension filtered 15-s epoch ActiGraph data, 
with guidance through sleep log books and previously 
published visual inspection heuristics [27].

Development outcomes
Full details regarding the development outcome meas-
ures used in this study have been previously reported 
[14]. Briefly, outcome measures consisted of the domains 
of physical, cognitive, and social-emotional development.

Physical development  Physical development was opera-
tionalized as growth, adiposity, and motor skills. Height 
and weight of the children were measured with a stadiom-
eter and scale, while the height of the biological parents 
was self-reported in the questionnaire. These measures 
were used to calculate the children’s current percent of 
expected adult height [28], and body mass index (BMI) 
z-scores according to the World Health Organization’s 
growth standards [29]. The Test of Gross Motor Devel-
opment (TGMD)-2 was used to measure the children’s 
object control and locomotor skills, which are summed to 
calculate total motor skills [30]. Moderate to good relia-
bility in scoring the TGMD-2 was observed in this sample 
(Intra-class correlation coefficient: 0.69–0.79) [14]. Fur-
ther, the TGMD-2 has previously demonstrated moder-
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ate to strong validity (r: 0.49–0.63) and excellent reliability 
(0.99–0.81) [31].

Cognitive development  Cognitive development was 
operationalized as visual-spatial working memory, 
response inhibition, and language development. All cog-
nitive development indicators were measured using the 
Early Years Toolbox, administered through an iPad [32]. 
Specifically, the Early Years Toolbox tasks included the 
Mr. Ant task (visual-spatial working memory), the Go/
No-Go task (response inhibition), and the Expressive 
Vocabulary task (language development). Acceptable 
to good internal consistency reliability (Cronbach’s α: 
0.78–0.90) in the Early Years Toolbox tasks was observed 
in this sample [14]. Further, the Early Years Toolbox has 
previously demonstrated moderate to strong validity (r: 
0.40–0.60) for response inhibition, visual-spatial work-
ing memory, and expressive vocabulary, as well as good 
to excellent reliability (Cronbach’s α range: 0.84–0.95) for 
the response inhibition and expressive vocabulary assess-
ments [32].

Social‑emotional development  Social-emotional devel-
opment was operationalized as externalizing, internaliz-
ing, prosocial behaviour, sociability, as well as cognitive, 
emotional, and behavioural self-regulation. All social-
emotional development indicators were measured using 
the Child Self-Regulation and Behaviour Questionnaire 
(CSBQ), a component of the Early Years Toolbox that 
was printed and completed by a parent [32]. Good inter-
nal consistency reliability in all the CSBQ subscales was 
observed in this sample (Cronbach’s α: 0.75–0.82), except 
for internalizing (Cronbach’s α = 0.55) and prosocial 
behaviour (Cronbach’s α = 0.64) [14]. Further, the CSBQ 
has previously demonstrated moderate to very strong 
validity and acceptable to good reliability (Cronbach’s α: 
0.74–0.89) [32].

Covariates
Covariates included in this study were assessed through 
the parental questionnaire and were selected based on a 
previous analysis in the sample [14]. Selected covariates 
included: child age (years), sex (groups: male, female), 
ethnicity (groups: Caucasian, non-Caucasian), number of 
siblings (groups: 0, 1, ≥ 2), home type (groups: one level 
[home has one floor or level], two levels [home has two 
levels or floors]), yard size (five options increasing in size 
from no yard to a large yard), household income (ten 
options increasing in size from less than $25,000 to more 
than $200,000), as well as parent age (years) and marital 
status (groups: married, not married). For descriptive 
purposes, yard size was collapsed into three categories 
and household income was collapsed into six categories 

due to low cell count for some response options. How-
ever, for analyses, yard size and household income were 
not collapsed and were treated as continuous variables.

Analysis
Descriptive statistics were presented as categorical values 
for participant characteristics, including the frequency 
and percent for each category. The percent of partici-
pants meeting individual recommendations (i.e., physical 
activity, sedentary behaviour, and sleep), combinations of 
recommendations (e.g., physical activity and sedentary 
behaviour), and number of recommendations (i.e., 0–3 
recommendations) within the guideline were calculated. 
Additionally, z-scores (centred to a mean of zero) were 
calculated for each developmental outcome variable (See 
“Development outcomes” section for a list of all vari-
ables). Then the mean z-score of each outcome variable 
was used to create composite scores for physical, cogni-
tive, and social-emotional development. Total motor 
skills was not used in the calculation of the physical 
development composite score, since it is the combination 
of object control and locomotor skills and these compo-
nents were already included. As well, BMI z-scores, inter-
nalizing, and externalizing were negatively scored before 
calculating the mean composite scores. Lastly, the com-
posite physical, cognitive, and social-emotional scores 
were averaged (i.e., [physical + cognitive + social-emo-
tional] / 3) to create an overall development composite 
score.

Bivariate regression models were built between each 
covariate and each developmental outcome variable (see 
Additional file  1: Table  S1). When a covariate was sig-
nificant (p < 0.05) for a specific outcome variable, that 
covariate was added to subsequent regression models 
examining associations with guideline adherence for 
that specific outcome variable. Next, multiple regression 
models were conducted examining associations between 
meeting different recommendation combinations (e.g., 
physical activity alone, combination of physical activity 
and sleep), and number of recommendations met (e.g., 
meeting only one of any of the recommendations) with 
each composite development outcome variable adjusted 
for relevant covariates. Cohen’s f2 values were calculated 
to determine the effect size of coefficients in multiple 
regression models, and defined as small f2 0.02–0.14, 
medium f2 0.15–0.34, and large f2 ≥ 0.35 [33].

Assumptions for regression analyses (i.e., linearity, nor-
mality, and equal variance of residuals, as well as iden-
tifying influential observations) were checked through 
visual inspection of residuals (i.e., residuals vs fitted val-
ues, Q-Q, square root of Standardized residuals vs. fitted 
values, and Cook’s Distance). All composite development 
models met the regression assumptions. The analyses 
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for composite development outcome variables were also 
conducted for each individual development outcome in a 
supplementary analysis. Some Q-Q plots were not nor-
mally distributed for individual development outcomes, 
but the assumption of normality was met when partici-
pants with Cook’s D values > 4/n in multiple regression 
models were removed for expected adult height (n = 6–9; 
depending on the model), object motor skills (n = 3–6), 
and total motor skills (n = 3–6). The assumption of nor-
mality could not be met with transformations or removal 
of participants based on Cook’s D values for the vari-
ables externalizing and internalizing. Thus, categorical 
variables were created by splitting data by the median 
values (i.e., internalizing > 1 [56%], and externalizing > 2 
[46%]), and logistic regressions were used instead of lin-
ear regression. All analyses were conducted in R version 
3.6.1.

Results
Of the 131 recruited children, 95 had movement behav-
iour data. The 95 participants in the analytical sample 
had all outcome variables except for response inhibi-
tion (n = 93) and all motor skill outcomes (n = 93). Thus, 
93 participants had composite cognitive and physical 
development scores, while 91 participants had overall 
development scores. Most children were in the 3–4 year 
age group (77%) (See Table  1 for a full list of partici-
pant characteristics). On average, children accumulated 
4.95 ± 0.60 (mean ± SD) hours/day of LPA, 1.76 ± 0.48 h/
day of MVPA, 1.52 ± 1.05  h/day of screen time, and 
10.93 ± 0.96 h/day of sleep. Additionally, on average, chil-
dren had 6.06 ± 1.04 valid days of accelerometer data, 
and 12.82 ± 1.11  h/day of waking wear time. The physi-
cal activity recommendations were the most frequently 
met single recommendation (94% of sample), while the 
physical activity and sleep recommendations (80%) were 
the most frequently met combination of two recommen-
dations (See Fig. 1). For those not meeting the sleep rec-
ommendations (15%), half of the participants were above 
the recommended range. Additionally, 43% of the sam-
ple met all three recommendations within the guidelines 
(See Fig.  2). Lastly, the distribution of guideline recom-
mendation adherence for 3–4-year-olds was 91.78% for 
physical activity, 38.36% for screen time, and 87.67% for 
sleep; compared to 5-year-olds with 100.00% for physical 
activity, 72.73% for screen time, and 68.18% for sleep.

Meeting the individual sleep recommendation 
(B = 0.29, 95%CI: 0.08, 0.50) and both the physical activ-
ity and sleep recommendations (B = 0.28, 95%CI: 0.10, 
0.46) were associated with higher overall development, 
with Cohen’s f2 values of 0.09 and 0.11 (small effects), 
respectively (Table  2). Additionally, meeting both the 
physical activity and sleep recommendations were 

associated with a higher physical development (B = 0.27, 
95%CI: 0.03, 0.51) composite score (Cohen’s f2 = 0.09; 
small effect) (Table  2). Several significant positive asso-
ciations were also observed for individual development 
outcomes (See Additional file 1: Table S2). First, for meet-
ing the sleep recommendations with object control skills 
(f2 = 0.09; small effect) and behavioural self-regulation 

Table 1  Participant Characteristics

Covariate Frequency (%)

Age Group (year) 3–4 73 (76.84)

5 22 (23.16)

Sex Male 66 (69.47)

Female 29 (30.53)

Ethnicity Caucasian 68 (71.58)

Non-Caucasian 27 (28.42)

Siblings None 15 (15.79)

One 52 (54.74)

Two or more 28 (29.47)

Parental relation to child Mother 77 (81.05)

Father 18 (18.95)

Marital status Married 85 (89.47)

Not married 10 (10.53)

Household income  ≤ $100,000 9 (9.47)

$100,001–$125,000 14 (14.74)

$125,001–$150,000 16 (16.84)

$150,010–$175,000 18 (18.95)

$175,001–$200,000 14 (14.74)

 > $200,000 24 (25.26)

Home type One level 37 (38.95)

Two levels 58 (61.05)

Yard size  ≤ Small yard 10 (10.53)

Medium yard 66 (69.47)

Large yard 19 (20.00)

Fig. 1  Guideline recommendation adherence as a percent, 
grouped by isolated recommendation adherence and combined 
recommendation adherence. PA physical activity recommendations, 
SL sleep recommendations, SB sedentary behaviour 
recommendations
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(f2 = 0.10; small effect). Second, for meeting the combina-
tion of sleep and physical activity recommendations with 
total motor skills (f2 = 0.08; small effect), object control 
skills (f2 = 0.12; small effect), and expected adult height 
(f2 = 0.06; small effect). Lastly, for the number of recom-
mendations met with response inhibition (f2 = 0.05; small 
effect).

Discussion
The objective of this study was to examine associations 
for adherence to 24-h movement guidelines with physi-
cal, cognitive, social-emotional, and overall development 
composite scores in a sample of 3–5-year-olds. Meeting 
the sleep recommendation was positively associated with 
overall development. Meeting both the sleep and physi-
cal development recommendations was positively associ-
ated with overall and physical development. Small effect 
sizes were found for all significant relationships. Further, 
no associations were observed for sedentary behaviour 
recommendations.

Positive associations between adherence to 24-h 
movement guidelines and indicators of physical devel-
opment were found in a recent longitudinal study [18]. 
Specifically, meeting the physical activity, sedentary 

behaviour, and sleep recommendations at age 3 to 
5  years was associated with lower BMI z-scores at 
ages 9–11  years. In contrast, while the current study 
found associations for the physical development com-
posite score, no associations were found specifically 
for BMI z-scores. Additionally, no associations were 
found between guideline adherence and BMI z-scores 
in a Canadian nationally representative cross-sectional 
sample of children aged 3–4  years [34] and a Swed-
ish nationally representative longitudinal study of chil-
dren 4 years of age, followed-up at 1 year [35]. However, 
the lack of associations in these studies when compared 
to Hinkley et  al. [18] may support the argument that 
adiposity is accumulated over a longer time period, and 
movement behaviours need a longer exposure period 
before effects can be observed [34]. Additionally, study-
ing adiposity cross-sectionally in preschool-aged chil-
dren is difficult due to adiposity rebound [36], thus 
observed longitudinal associations could result from 
assessing adiposity at an age with more stability in this 
regard.

Only adiposity and growth indicators were examined 
in the previous guideline adherence and physical devel-
opment studies [18, 34, 35], whereas the current study 
also included motor skills. Subsequently, in this sample 
meeting a combination of physical activity and sleep 
recommendations was associated with a 5 point higher 
object motor skills score and an 8 point higher total 
motor skills score. Therefore, motor skills along with 
expected adult height strongly contributed to the over-
all physical development finding. To better understand 
which aspects of physical development are most related 
to movement behaviour patterns, more studies exam-
ining guideline adherence that continue to use a broad 
array of physical development indicators are needed. 
Further, studies using longitudinal study designs are 

Fig. 2  Number of guideline recommendations met as a percentage, 
ranging from not meeting any recommendations (0) to meeting all 
recommendations (3)

Table 2  Associations between guideline recommendation adherence and development

All analyses treated not meeting recommendations as the reference value. B unstandardized coefficient, 95%CI  95% confidence intervals, Bolded values are significant 
at p < 0.05

Guideline recommendations Overall development
B (95%CI)

Physical development
B (95%CI)

Cognitive development
B (95%CI)

Social-emotional 
development
B (95%CI)

Sedentary behaviour − 0.07 (− 0.23, 0.09) − 0.06 (− 0.28, 0.15) 0.13 (− 0.12, 0.37) − 0.04 (− 0.32, 0.24)

Sleep 0.29 (0.08, 0.50) 0.24 (− 0.04, 0.52) 0.24 (− 0.10, 0.58) 0.22 (− 0.15, 0.59)

Physical activity 0.22 (− 0.12, 0.57) 0.10 (− 0.33, 0.53) 0.02 (− 0.52, 0.55) − 0.02 (− 0.59, 0.56)

Physical activity + sleep 0.28 (0.10, 0.46) 0.27 (0.03, 0.51) 0.19 (− 0.11, 0.48) 0.17 (− 0.16, 0.51)

Physical activity  + sedentary behaviour − 0.07 (− 0.23, 0.09) − 0.01 (− 0.23, 0.20) 0.09 (− 0.16, 0.34) − 0.05 (− 0.34, 0.23)

Sedentary behaviour  + sleep 0.04 (− 0.13, 0.20) 0.03 (− 0.19, 0.24) 0.18 (− 0.07, 0.42) 0.04 (− 0.25, 0.33)

Meeting all recommendations 0.03 (− 0.13, 0.20) 0.08 (− 0.14, 0.30) 0.14 (− 0.10, 0.39) 0.03 (− 0.26, 0.32)

Number of recommendations met 0.08 (− 0.04, 0.19) 0.05 (− 0.10, 0.20) 0.14 (− 0.04, 0.32) 0.04 (− 0.16, 0.24)
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needed to examine any bidirectional associations 
between movement behaviours and development.

In this study, no significant associations were observed 
between guideline adherence and overall cognitive devel-
opment, though the number of recommendations met 
was associated with higher response inhibition. McNeill 
et al. [37] also used the Early Years Toolbox [32] to meas-
ure cognitive development in children aged 3–5  years, 
followed up after one year. In agreement with the pre-
sented study, no significant associations were observed 
for guideline adherence at baseline and visual-spatial 
working memory at follow-up [37]. However, in contrast 
with the present study, McNeill and colleagues (2020) 
found no significant associations for guideline adherence 
at baseline and response inhibition at follow-up. Fur-
ther, McNeill et al. [37] did find that meeting the physical 
activity recommendation was associated with higher cog-
nitive shifting one year later. Unfortunately, the current 
study did not measure cognitive shifting, thus compari-
sons are not possible. Beyond the Early Years Toolbox, 
Hinkley et  al. [18] found that meeting sleep guidelines 
for children aged 3–5 was associated with higher scores 
for reading, writing, spelling, numeracy, and language 
domains of academic achievement at ages 8–9 years. This 
could speak to the importance of early movement behav-
iour patterns for cognitive achievements (e.g., grades, 
academic awards) and cognitive abilities that develop 
later in childhood, such as cognitive shifting [38]. Future 
research should confirm longitudinal findings, while con-
tinuing to explore various cognitive achievement and 
ability assessments.

No significant associations were observed between 
guideline adherence and overall social-emotional devel-
opment in this study, though meeting the sleep recom-
mendations were associated with higher behavioural 
self-regulation. No studies could be found examining 
24-h movement behaviour guideline adherence and 
behavioural self-regulation in early childhood, so com-
parisons are difficult. However, two longitudinal stud-
ies also found null associations for guideline adherence 
with behavioural and emotional problems (e.g., total 
problems, internalizing problems, externalizing prob-
lems) [18, 37]. This contrasts with a cross-sectional 
study of 3-year-old children that observed associations 
for meeting sedentary behaviour recommendations, and 
combinations including sedentary behaviour recommen-
dations, with lower total problems, externalizing prob-
lems, and internalizing problems [39]. Future studies 
should explore potential mechanisms for the differences 
in study findings. Beyond behavioural and emotional 
problems, Cliff et al. [40] found that meeting recommen-
dations for sleep, and combinations including sleep, were 
favourably associated with theory of mind and emotional 

comprehension. To better understand the myriad of indi-
cators making up social-emotional development, future 
research should examine a broad spectrum of indicators 
in relation to movement behaviours.

Previous studies examining 24-h movement guidelines 
and development in a similar age group as this study 
have reported adherence as 19–94% for physical activity, 
84–98% for sleep, 17–63% for sedentary behaviour, and 
3–20% for all three [18, 34, 35, 37, 39, 40]. In the current 
study 94% of participants met the physical activity guide-
lines, which is similar to other studies (89%-94%) that 
also measured physical activity with a hip-worn Acti-
Graph accelerometer and used the same physical activity 
cut-points [18, 37, 40]. However, 94% is seemingly high 
compared to 19% when using a wrist-worn ActiGraph 
accelerometer and larger epochs [39], 31% when different 
physical activity cut-points are applied to the ActiGraph 
[35], and 62% when using the Actical accelerometer [34]. 
Additionally, in the current study participants had 43% 
adherence to all three guidelines, compared to the previ-
ous studies that showed 3–20% adherence [18, 34, 35, 37, 
39, 40]. The sample examined in the current study may 
not be representative of the broader population based on 
their healthy movement behaviour patterns. In fact, two 
studies reported adherence to all three guideline recom-
mendations as 3% in Canada [34] and 5% in Edmonton, 
Alberta [39]. Differences in findings could indicate this 
sample has poor generalizability or could demonstrate 
the issues when comparing estimates using different 
movement behaviour measurements. Thus, achieving 
consensus on the measurement of movement behaviours, 
especially accelerometer protocols (e.g., accelerometer 
brand, wear-site, cut-points), will allow for compari-
sons across future studies. As well, future research could 
examine relative-intensity accelerometer cut-points to 
better represent an individuals intensity of physical activ-
ity based on their fitness [41].

Meeting sleep recommendations or combinations 
of recommendations that include sleep are frequently 
reported to be favourable for children’s development [18, 
37, 39, 40], including the results presented in the current 
study. Interestingly, when using the same data, no sig-
nificant associations were observed in a compositional 
analysis between sleep and development outcomes, rela-
tive to the other movement behaviours [14]. Differences 
in results could exist since the previous study examined 
relationships linearly, whereas the current study exam-
ined guideline recommendation adherence based on a 
window of time. Some argue that the benefits of sleep for 
healthy development are not a linear relationship, instead 
benefits exist in a window of time (e.g., 10–13 h/day), or 
an inverted U shape [42]. In other words, both too little 
and too much sleep could have detrimental effects on 
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development. Interestingly, of the participants not meet-
ing sleep recommendations in this sample, half were 
above, and half were below the recommendations. There-
fore, findings in the current study support the rationale 
of choosing a window of time, instead of a threshold, 
when creating sleep recommendations in the 24-Hour 
Movement Guidelines in Canada [5, 9]. Heterogeneity in 
findings may also be explained by the differences in anal-
yses, as compositional analyses consider one movement 
behaviour in relation to all other movement behaviours, 
while the current study only considered combinations of 
movement behaviours.

In addition to comparisons with sleep, linear regres-
sions from our previous compositional analysis also 
found null associations between physical activity (i.e., 
LPA and MVPA) with cognitive and social-emotional 
development. However, favourable associations were 
found between MVPA and physical development [14]. In 
contrast to the compositional findings, the current study 
did not find favourable associations between physical 
activity guideline adherence and physical development. It 
is important to note, 94% of this sample met the physical 
activity guidelines. Thus, in our sample the thresholds for 
physical activity guideline adherence are likely not suffi-
cient to differentiate between those with higher MVPA 
and better physical development as seen in the previous 
compositional analyses. Further, our previous compo-
sitional analysis found favourable associations between 
accelerometer-measured stationary time and cognitive 
development [14]. Compared to the current null findings 
for screen time, this could indicate that this sample was 
engaged in non-screen based sedentary behaviours that 
have previously demonstrated favourable associations 
with cognitive development. For instance, Poitras et  al. 
[6] found that reading to early years children was favour-
ably associated with cognitive development. Therefore, 
future research should continue measuring a range of 
types of sedentary behaviours (e.g., screen time, station-
ary time, reading time) to better understand the mecha-
nisms of these associations.

To our knowledge, no other studies examining 24-h 
movement behaviours have created composite scores to 
represent physical, cognitive, social-emotional, and over-
all development. This approach can be beneficial from 
a public health messaging perspective, since the use of 
these broader domains of development creates a more 
succinct finding, and subsequently more succinct mes-
saging. Further, combining scores could be protective of 
acute performance issues on any one task (e.g., loss of 
attention) or questionnaire item (e.g., parent misunder-
stood). However, there are also limitations with creat-
ing a composite score. For instance, one outcome (e.g., 
motor skills) could be overly influential and thus over 

representative of physical development. The technique 
used in this study created equal weights for each outcome 
domain (i.e., physical, cognitive, and social-emotional), 
so the overall development composite score was equally 
represented by the three development domains. Differ-
ential weighting could have also been explored, such as 
regression weights and expert consensus weighting (e.g., 
important = multiply scores by 2, less important = multi-
ply scores by 1) [43]. Future studies could compare differ-
ent techniques for creating an overall development score, 
such as identifying a criterion measure for regression 
weighting and weighting based on an expert consensus 
process.

The main strength of this study was the inclusion of a 
variety of development outcomes, across the domains of 
physical, cognitive, and social-emotional development. 
Though the variety of developmental indicators measured 
could make replication difficult. Ideally, a future synthesis 
of the literature could help identify universal core meas-
ures to be included when assessing development, similar 
to efforts underway in the SUNRISE study [44]. Further, 
this study used device-based measures of physical activ-
ity and sleep, and the total screen time measure included 
screen viewing and video game playing on a variety of 
mediums (e.g., tablet, cell phones, television), instead of 
only the traditional television viewing. The study also had 
some limitations. For instance, the cross-sectional study 
design prevents causation from being inferred. Addition-
ally, the small convenience sample was recruited from a 
sports-based program and may not be generalizable to 
the broader population. Though a previous review has 
suggested that > 2 accelerometer wear days (regardless of 
weekend or weekday) is sufficient in this age group [25], 
that was based on waking day wear protocols. Thus, the 
use of > 2  days could lack reliability in this sample since 
a waking wear day protocol was not used, and future 
research is needed to re-examine minimum wear time 
and valid days needed for reliable 24-h wear protocols. 
The low reliability scores in this sample for externalizing 
and prosocial behaviours may have limited the ability to 
detect significant associations for the social-emotional 
development composite score. Lastly, the multiple com-
parisons in our analyses may have increased the risk for 
Type I error.

Conclusion
This study examined the associations for meeting 24-h 
guidelines with physical, cognitive, social-emotional, and 
overall development composite scores in 3–5-year-olds. 
Meeting sleep recommendations alone, as well as the 
combination of sleep and physical activity recommenda-
tions, were associated with better physical and overall 
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development in this sample. Future research should con-
tinue examining a broad array of development outcomes 
using longitudinal study designs across the early childhood 
range.
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