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Abstract 

Background: A recent paradigm shift has highlighted the importance of considering how sleep, physical activity and 
sedentary behaviour work together to influence health, rather than examining each behaviour individually. We aimed 
to determine how adherence to 24‑h movement behavior guidelines from infancy to the preschool years influences 
mental health and self‑regulation at 5 years of age.

Methods: Twenty‑four hour movement behaviors were measured by 7‑day actigraphy (physical activity, sleep) or 
questionnaires (screen time) in 528 children at 1, 2, 3.5, and 5 years of age and compared to mental health (anxiety, 
depression), adaptive skills (resilience), self‑regulation (attentional problems, hyperactivity, emotional self‑control, 
executive functioning), and inhibitory control (Statue, Head‑Toes‑Knees‑Shoulders task) outcomes at 5 years of age. 
Adjusted standardised mean differences (95% CI) were determined between those who did and did not achieve 
guidelines at each age.

Results: Children who met physical activity guidelines at 1 year of age (38.7%) had lower depression (mean differ‑
ence [MD]: ‑0.28; 95% CI: ‑0.51, ‑0.06) and anxiety (MD: ‑0.23; 95% CI: ‑0.47, 0.00) scores than those who did not. At the 
same age, sleeping for 11–14 h or having consistent wake and sleep times was associated with lower anxiety (MD: 
‑0.34; 95% CI: ‑0.66, ‑0.02) and higher resilience (MD: 0.35; 95% CI: 0.03, 0.68) scores respectively. No significant relation‑
ships were observed at any other age or for any measure of self‑regulation. Children who consistently met screen 
time guidelines had lower anxiety (MD: ‑0.43; 95% CI: ‑0.68, ‑0.18) and depression (MD: ‑0.36; 95% CI: ‑0.62, ‑0.09) 
scores at 5. However, few significant relationships were observed for adherence to all three guidelines; anxiety scores 
were lower (MD: ‑0.42; 95% CI: ‑0.72, ‑0.12) in the 20.2% who adhered at 1 year of age, and depression scores were 
lower (MD: ‑0.25; 95% CI: ‑0.48, ‑0.02) in the 36.7% who adhered at 5 years of age compared with children who did not 
meet all three guidelines.

Conclusions: Although adherence to some individual movement guidelines at certain ages throughout early child‑
hood was associated with improved mental health and wellbeing at 5 years of age, particularly reduced anxiety and 
depression scores, there was little consistency in these relationships. Future work should consider a compositional 
approach to 24‑h time use and how it may influence mental wellbeing.
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Background
The World Health Organization defines mental health 
as a state of wellbeing and effective functioning in 
which an individual recognises his or her own abilities, 
is resilient to the stresses of life, and is able to make a 
positive contribution to his or her community [1]. Men-
tal health difficulties can be expressed at a very early 
age, grouped into two broad categories of internalizing 
(e.g. anxiety, depression) and externalizing (e.g. hyper-
activity, aggression) symptomatology. A hallmark fea-
ture of these difficulties is the ability to self-regulate, 
that is, exercise control over one’s thoughts, feelings, 
and behaviors. Self-regulation can be demonstrated in 
several ways, including an ability to focus and regulate 
attention or suppress a thought or action (inhibitory 
control), and in childhood, is associated with concur-
rent and later levels of achievement, interpersonal 
skills, mental health, and healthy living [2].

While many adverse environmental and social factors 
contribute to poor mental health in children, positive 
lifestyle factors such as getting enough good quality 
sleep, undertaking regular physical activity, and lim-
iting time spent sedentary are also considered to be 
important [3–5]. However, relatively little work has 
examined how these behaviors influence mental health 
in preschool-aged children, a time of rapid growth and 
development. Recent reviews have highlighted the scar-
city of literature (particularly that which is longitudinal 
in nature) and the inconsistent findings observed in the 
predominantly cross-sectional literature linking mental 
health and wellbeing outcomes with sleep [6], physical 
activity [7], or sedentary time [8] when each behaviour 
is examined in isolation.

However, a paradigm shift has occurred in the last 
few years which emphasises that we also need to be 
investigating these behaviors simultaneously because 
while each behavior can independently affect health, 
they also interact in ways that may not be apparent if 
studied individually [9, 10]. Consequently, many coun-
tries have introduced 24-h movement behavior guide-
lines for young children in recognition of this issue 
[11–14]. However, few studies have examined adher-
ence to 24-h guidelines in relation to mental health in 
preschool-aged children [15–19], a time when sleep, 
physical activity and sedentary behaviors patterns are 
changing rapidly. The three cross-sectional studies 
reported some significant relationships between adher-
ence to guidelines and improvements in behaviors, 

emotions [16], social cognitiion [15], or psychosocial or 
physical health [19]. However, in all studies, effect sizes 
were small and other measures evaluated showed no 
relationship with health outcomes [15, 16] or no effect 
on total health[19]. The two longitudinal studies both 
demonstrated no evidence of association between com-
pliance to individual or combined guidelines and a vari-
ety of psychosocial outcomes [17, 18].

However, there are some methodological issues with 
these studies. While some of these studies have used 
objective measures of physical activity [16–18], only 
one assessed the impact of additional guidelines relating 
to activity intensity [16]. Only one of these studies also 
measured sleep objectively [16], although they did not 
examine the effect of additional guidelines relating reg-
ularity in sleep patterns. Although two studies assessed 
relationships between movement behaviors and men-
tal health longitudinally [17, 18], repeated measures of 
movement behaviors over this time of rapid developmen-
tal change [20] have not been undertaken.

Therefore, the aim of this study was to determine how 
adherence to 24-h movement behavior guidelines from 
infancy (< 2  years) to the preschool years (2–5  years) is 
related to mental health and self-regulation at 5  years 
of age. It is hypothesized that greater time spent asleep 
or active, and less time spent sedentary will lead to 
improved mental health and a greater ability to self-reg-
ulate behaviour when children reach the age of 5 years.

Methods
This analysis uses data from children participating in the 
Prevention of Overweight in Infancy (POI) randomised 
controlled trial undertaken in Dunedin, New Zealand. 
POI investigated whether anticipatory guidance for par-
ents about infant sleep, dietary intake, and physical activ-
ity reduced excessive weight gain, compared to usual 
care. Anticipatory guidance is that given by the health 
care provider to assist parents to understand how their 
children grow and develop. The intervention commenced 
in late pregnancy and concluded when the child was two 
years of age [21], with follow-up measurements obtained 
at 3.5 and 5 years of age (just prior to starting school – 
children in New Zealand typically start school on or just 
after their fifth birthday) [22]. As the intervention did not 
produce differences in physical activity, sedentary behav-
ior, or sleep [23–25], these data have been analysed using 
the entire cohort with appropriate adjustment for ran-
domisation group.

Keywords: Child, Physical activity, Sleep, Screen time, 24‑h movement behaviors, Mental health, Wellbeing, 
Psychosocial functioning
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As detailed information on the original trial is avail-
able in both the study protocols [21, 22] and published 
findings [24, 25], only brief details are provided here. The 
original intervention was approved by the Lower South 
Ethics Committee (LRS/12/08/063) and the follow-up 
study by the University of Otago Human Ethics Com-
mittee (12/274) and was powered to detect differences 
in body mass index (BMI) between intervention groups. 
Written informed consent was obtained from the par-
ent/guardian of all child participants. All mothers who 
had booked into the single maternity hospital (> 97% of 
all births) serving the population of Dunedin, New Zea-
land were invited to participate when in mid to late preg-
nancy (May 2009 to December 2010). A 58% response 
rate yielded a final sample size of 802 primaparous 
(47.6%) and multiparous (52.4%) mothers. Women were 
randomized to one of four study groups by the study 
biostatistician, within 6 strata depending on area level 
deprivation (3 levels) and parity (2 levels), using a block 
size of 12. Allocation was concealed using opaque, pre-
sealed envelopes. All anthropometric assessments and 
accelerometry analyses were performed by researchers 
blinded to group allocation. Demographic information 
obtained at baseline (late pregnancy) included maternal 
age, education, ethnicity, self-reported pre-pregnancy 
height and weight, and area level deprivation calculated 
using NZDep 2013 [26] (a deprivation score calculated 
from census data which reflects the extent of material 
and social deprivation, and ranges from 1 (least deprived) 
to 10 (most deprived)). Information on infant gestational 
age, sex and birth weight was obtained from hospital 
records. Anthropometric measurements were obtained 
by trained measurers following standard protocols at 
all subsequent time points [27]. Duplicate measures of 
weight (Tanita WB-100 MA/WB-110 MA) and height 
(Harpenden stadiometer, Holtain Ltd, UK) were obtained 
with children wearing underwear/light clothing [22]. 
Body mass index (BMI) z-scores were determined using 
the World Health Organization growth standards [28], 
with overweight defined as a BMI z-score ≥  85th but <  95th 
percentile, and obesity as BMI ≥  95th percentile.

Sleep and physical activity were assessed with children 
wearing Actical (Mini-Mitter, Bend, OR) accelerome-
ters 24-h a day for up to 7 days at 1, 2, 3.5 and 5 years of 
age. The accelerometers were worn around the waist on 
elastic belts and initialized using 15 s epochs. Data were 
cleaned and scored using an automated script developed 
in MATLAB (MathWorks, Natick, MA, USA) [29]. This 
count-scaled algorithm estimates sleep onset (start of the 
first 15 continuous minutes of sleep preceded by 5 min of 
awake) and offset (last of 15 continuous minutes of sleep 
followed by 5  min of awake) specific to each individual 
for each day. Night sleep duration is calculated as the 

duration of time between sleep onset and offset, exclud-
ing time awake [30]. Day-time sleep was determined 
at 1 and 2  years of age by the automated Matlab script 
which defines naps during daytime wake periods (9am to 
5 pm) as at least 30 min of continuous minutes of sleep, 
preceded by 5 min of awake [29]. All sleep data reported 
here refer to total sleep duration (night-time sleep and 
naps, where relevant, combined). Non-wear time, seden-
tary time, and time in light to vigorous physical activity 
is then determined during awake hours only. Non-wear 
time was defined as at least 20 min of consecutive zeros 
[31]. We defined sedentary time as 0–6 counts (per 15 s), 
and light-to-vigorous physical activity (LMVPA) as ≥ 7 
counts [32, 33]. A day was considered valid if the partici-
pant had at least eight hours of wear time outside of sleep 
time. Participants were only included in these analyses at 
each age if they had at least three valid days of data. Data 
from all valid days were averaged, weighted depending on 
whether the day was a weekend day or a weekday.

Screen time was assessed at 1, 2, and 5 years of age via 
interviewer-administered questionnaires with the parent/
guardian (> 99% mothers). At 1 and 2  years of age, par-
ents indicated the frequency per week, and the number 
of minutes each time, their child ‘usually’ watched televi-
sion, videos or DVDs. We expanded the number of media 
types measured when the children were 5 years of age to 
include television (free to air, cable, and online stream-
ing), DVDs or videos, computers for games (not school-
work), passive games consoles (including handheld), 
and mobile phones or tablets for playing games. Parents 
indicated the frequency per week and duration each time 
their child spent watching/using each category of media 
use resulting in a total duration per day (minutes). Screen 
time information was not collected at 3.5 years of age.

Restraint was measured at 1 and 2  years of age only, 
where parents indicated the number of times over the 
past week, and the length of time each session, the infant 
was placed in a car seat or stroller.

Adherence to guidelines
Adherence to the Canadian guidelines for the early 
years (0–4  years) [11] was calculated using all available 
data at each age, including the 5 year old measurements 
given most (79.9%) children were measured before their 
5th birthday (mean age 4.98 (0.4) years). Level 1 adher-
ence was defined as: physical activity; at least 180  min 
of light-to-vigorous physical activity (LMVPA) each day 
(average over all relevant days of measurement) at 1, 2, 
3.5 and 5 years, sedentary; no screen time (1- and 2-year-
old children) or ≤ 60  min per day (5-year-old children), 
and sleep; receiving 11–14 h (1- and 2-year-old children) 
or 10–13 h (3.5 and 5-year-old children) every 24 h. We 
also calculated Level 2 adherence guidelines as follows: 
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physical activity; including at least 60  min of energetic 
play (defined as moderate-to-vigorous activity, MVPA) 
in the 3.5 and 5-year-old physical activity recommenda-
tions, sedentary; restricting the use of restraint (such as 
in car seats or strollers) for no more than an hour at a 
time at 1 and 2  years only, and sleep; having consistent 
bed and wake times (calculated as a within-person SD for 
sleep onset and offset of < 30 min) at all four ages.

Mental health outcomes at 5 years of age
Mental wellbeing and resilience were measured by paren-
tal report using the Anxiety (13 items, covering levels 
of everyday worry, fear, and perfectionism α = 0.82), 
Depression (11 items, covering mood and negative 
cognitions, α = 0.77), and Resilience (12 items, cover-
ing adjustment to setbacks or unexpected events and 
social functioning, α = 0.82) subscales of the Behavio-
ral Assessment System for Children (BASC-2) 2–5  year 
old scale [34]. The BASC-2 is a well-validated and nor-
med scale designed to assess wide-ranging areas of child 
functioning as rated by parents. Self-regulation was 
measured using the BASC-2 Hyperactivity (11 items, 
covering activity level, impulsivity, and self-control, 
α = 0.79), Attentional Problems (6 items, covering the 
ability to attend and follow instructions, α = 0.80), Emo-
tional Self-Control (6–8 items, covering the ability man-
age negative emotions and frustrations, α = 0.79), and 
Executive Functioning (10–13 items, covering inhibitory 
control, distractibility, and emotional reactivity, α = 0.79) 
subscales; as well as objective measures of Inhibitory 
control using the ‘Statue’ component of the NeuroPSY-
chological Assessment (NEPSY-2) [35] which measures 
difficulty with inhibitory control, and the Head-Toes-
Knees-Shoulders task [36]. The NEPSY-2 is a test bat-
tery assessing numerous areas of neuropsychological 
functioning. It is well-normed, reliable, and appropriate 
for use with 5-year-old children. The Head-Toes-Knees-
Shoulders task [36] is a measure of behavioral regulation 
and inhibition, which determines the ability of a child to 
follow opposing instructions (e.g. touch the head when 
directed to touch the toes) that is designed for 3–7 year 
old children.

Statistical analyses
All statistical analysis was undertaken in Stata 16.1 
(StataCorp, Texas). Only participants who had com-
pleted the 5-year assessments of mental health, had at 
least one assessment of movement behaviors, and had 
complete data on covariates (randomised group, sex, 
maternal education, household deprivation, primipar-
ity, and BMI z-score) were included in these analyses. 
Demographics were described for the subsamples used at 
each age. As all mental health assessments were scored 

using different scales, all scores were standardised to be 
in units of standard deviations (SD), with the exception 
of the heads-toes-knees-shoulder task, which had right-
skewed data that were not normalized by log-transfor-
mation and is described using the median, and the  25th 
and  75th percentiles. For ease of interpretation, three 
scales were reverse scored compared to the BASC-2 scor-
ing protocol so that high scores represented more of the 
behavior (Resilience, Emotional self-control, and Execu-
tive functioning).

Mean differences with 95% confidence intervals (CI) 
in the standardised scores between those who met the 
guideline and those who did not meet the guideline were 
estimated using linear regression models, adjusted for 
the covariates listed previously. Quantile regression for 
the median was used for the heads-toes-knees-shoulder 
assessment. Estimates were not calculated if the group 
sizes were too small – this was decided to be the case 
if one of the groups was less than 10% of the sample. 
Associations are judged on the size of the mean differ-
ence as well as the 95% CI, and not solely on whether the 
p-value passes the threshold of ‘statistical significance’ 
(< 0.05) [37]. Here we use the convention that an effect 
size greater than 0.2SD has the potential to be meaning-
ful [38]. Residuals of models were plotted and visually 
assessed for heteroskedasticity and normality.

Results
Although 528 participants had at least one measurement 
of movement behaviors at any age and mental health 
outcomes at 5  years of age, the number of participants 
included at each age ranged from 256 (2 years of age) to 
382 (5 years of age). The demographics at baseline across 
these samples were broadly comparable, with 44–51% of 
all infants being female and first-born. A high proportion 
of mothers had tertiary education, and a lower propor-
tion of children came from homes with higher levels of 
deprivation than is nationally expected (Table 1). Partici-
pants included in these analyses (n = 528) did not differ 
in terms of baseline demographics from those not fol-
lowed up (n = 274) for infant sex, maternal ethnicity, par-
ity, or household deprivation [39]. Table  2 presents the 
possible minimum and maximum scores for each index, 
along with the mean (SD) scores for each of the mental 
health measures at 5 years of age.

Table  3 presents the standardised mean differ-
ence (95% CI) in mental wellbeing scores according to 
whether children met each of the physical activity, sed-
entary time, and sleep guidelines, and combinations 
thereof, at each age. The 38.7% of children who partici-
pated in at least 180  min of light-to-vigorous physical 
activity (LMVPA) each day at 1  year of age had lower 
scores for depression (mean difference [MD]: -0.28; 
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95% CI: -0.51, -0.06) and anxiety (MD: -0.23; 95%CI: 
-0.47, 0.00) and higher scores for resilience (MD: 0.23; 
95%CI: -0.01, 0.46) at 5  years of age than children 
who did not meet this guideline. Corresponding effect 
sizes could not be calculated at 2, 3.5 or 5 years of age 
because of ceiling effects in compliance (94.1 to 98.4% 
of children). However, fewer children met PA guide-
lines at these ages once the requirement to have 60 min 
of energetic play was included within the 180  min of 
LMVPA (54.1 to 81.2%), but few comparisons at this 
age met our requirement for a difference of at least 0.20 
to be potentially meaningful, with no differences being 
statistically significant.

Greater consistency was observed in relation to compli-
ance with limiting screen time, in that scores for anxiety 
and depression were often about one-third of a standard 
deviation lower in children who met screen time behav-
ior guidelines than those who did not. Effects on anxiety 
(MD: -0.43; 95% CI: -0.68 to -0.18) and depression (MD: 
-0.36; 95% CI: -0.62, -0.09) were particularly marked for 
those who met the screen time guidelines on at least two 
occasions. By contrast, restricting screen time at any sin-
gle age appeared to have little effect on resilience scores, 
unless children had consistently limited screen use (MD: 
0.24; 95% CI: -0.02, 0.50). Almost all children were not 
restrained in carseats or prams etc. for more than one 

Table 1 Demographics of the analysed sample at 1, 2, 3.5, and 5 years of  agea (n = 528)

a Analysed sample determined by those with data on mental wellbeing at 5 years of age, all demographics reported, and physical activity data at other ages

Age (years)

All 1 2 3.5 5

N 528 315 256 305 382

Maternal age at child’s birth, mean (SD) years 32.6 (4.6) 32.9 (4.5) 32.9 (4.4) 33.0 (4.5) 32.8 (4.5)

Primiparous, n (%) 249 (47.2) 159 (50.5) 112 (43.8) 134 (43.9) 170 (44.5)

Maternal ethnicity, n (%) European 462 (87.5) 282 (89.5) 229 (89.5) 270 (88.5) 337 (88.2)

Māori 21 (4.0) 11 (3.5) 6 (2.3) 11 (3.6) 14 (3.7)

Other 45 (8.5) 22 (7.0) 21 (8.2) 24 (7.9) 31 (8.1)

Maternal tertiary education, n (%) 359 (68.0) 224 (71.1) 180 (70.3) 205 (67.2) 258 (67.5)

Household deprivation Low 196 (37.1) 116 (36.8) 104 (40.6) 122 (40.0) 142 (37.2)

Medium 231 (43.8) 142 (45.1) 106 (41.4) 130 (42.6) 168 (44.0)

High 101 (19.1) 57 (18.1) 46 (18.0) 53 (17.4) 72 (18.9)

Infant sex, n (%) female 256 (48.5) 155 (49.2) 117 (45.7) 146 (47.9) 191 (50.0)

BMI z‑score at 5 years of age, mean (SD) 0.46 (0.89) 0.41 (0.84) 0.43 (0.87) 0.47 (0.87) 0.48 (0.89)

Table 2 Mental wellbeing, self‑regulation and inhibitory control measures at 5 years of age (n = 528)

a Mental wellbeing, adaptive skills, and self-regulation all assessed using the Behavioral Assessment System for children (BASC-2) [34], with higher scores reflecting 
higher levels of construct
b Inhibitory control assessed using laboratory based tasks. The ‘Statue’ assessment from the NeuroPSYchological Assessment (NEPSY-2) [35] was scored from 0 
(movements throughout assessment) to 30 (no movements). The Heads-toes-knees-shoulder [36] assessment was scored from 0 (all incorrect with no self-correction) 
to 60 (all correct)
c median (25th, 75th percentile) reported for Head-toes-knees-shoulders assessment because of right-skew

Outcome Subscale n Possible minimum and maximum 
scores

Mean (SD)

Mental wellbeing and adaptive 
 skillsa

Depression 528 0 to 33 7.2 (3.5)

Anxiety 528 0 to 39 8.8 (4.6)

Resilience 528 0 to 36 25.6 (4.8)

Self‑regulationa Attentional problems 528 0 to 18 6.4 (2.5)

Hyperactivity 528 0 to 33 9.5 (4.0)

Emotional self‑control 528 0 to 24 18.6 (3.1)

Executive functioning 528 0 to 39 27.0 (4.2)

Inhibitory  controlb Statue 463 0 to 30 17.1 (8.8)

Head‑toes‑knees‑shoulders 463 0 to 60 27 (7, 40)c
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Table 3 Meeting 24‑h movement behavior guidelines through early childhood and mental wellbeing (depression and anxiety) and 
adaptive skills (resilience) at five years (n = 528)

a Assessed using the Behavioral Assessment System for children (BASC-2) [34]
a Mean difference (95% CI) estimated using regression models adjusted for randomised group, sex, maternal education, household deprivation, primiparous, and BMI 
z-score at 5 years of age, in units of standard deviations. Greater scores indicate higher levels of depression, anxiety, or resilience
b Proportions who met the first physical activity guideline at 2, 3.5, and 5 years of age were too high to allow estimation of mean differences (94.1, 97.1, and 98.4%, 
respectively)
c Second physical activity guideline applies only to children aged 3 – 5 years
d No screen time (1 – 2 years) or 60 min maximum screen time (3 – 5 years). Not measured at 3.5 years
e Not being restrained in a car seat or stroller for > 60 min at a time, on at least 3 days a week (1 – 2 years). The proportion who met this guideline at 2 years of age was 
too high to allow estimation of mean differences (96.8%). Not measured at 3.5 years
f 11 – 14 h (1 – 2 years) or 10 – 13 h (3 – 5 years). The proportion who met this guideline at 2 and 3.5 years of age and at 2 or more time points was too high to allow 
estimation of mean differences (92.9%, 95.6%, and 92.6% respectively)
g Having a consistent sleep time or consistent wake time defined as within-person standard deviation of < 30 min
h The proportion who met this guideline at two or more time points was too low to allow estimation of mean differences (9.7%)

Bold figures denote P < 0.05

n N (%) 
who met 
guideline

Depression at 5 years of age Anxiety at 5 years of age Resilience at 5 years of age
Standardised mean difference (95% CI)a for those who met the guideline compared 
to those who did not

Physical activity: ≥ 180 min/day  LMVPAb

 At 1 year of age 315 122 (38.7) -0.28 (-0.51, -0.06) -0.23 (-0.47, 0.00) 0.23 (‑0.01, 0.46)

Physical activity: ≥ 180 min/day LMVPA including 60 min energetic  playc

 At 3.5 years of age 305 187 (61.3) ‑0.04 (‑0.28, 0.20) ‑0.04 (‑0.28, 0.20) 0.05 (‑0.17, 0.28)

 At 5 years of age 382 310 (81.2) ‑0.11 (‑0.38, 0.16) ‑0.20 (‑0.46, 0.06) 0.21 (‑0.04, 0.47)

 At both 3.5 and 5 years of age 266 144 (54.1) ‑0.12 (‑0.37, 0.13) ‑0.15 (‑0.40, 0.10) 0.17 (‑0.07, 0.40)

Sedentary time: no screen time or no more than 60 min/dayd

 At 1 year of age 305 191 (62.6) ‑0.15 (‑0.38, 0.08) -0.30 (-0.54, -0.06) 0.12 (‑0.11, 0.36)

 At 2 years of age 220 35 (15.9) ‑0.29 (‑0.66, 0.07) ‑0.17 (‑0.55, 0.21) 0.13 (‑0.25, 0.52)

 At 5 years of age 377 151 (40.1) -0.34 (-0.56, -0.13) ‑0.13 (‑0.34, 0.09) 0.18 (‑0.03, 0.39)

 At 2 or more time points 311 83 (26.7) -0.43 (-0.68, -0.18) -0.36 (-0.62, -0.09) 0.24 (‑0.02, 0.50)

Sedentary time: not being restrained for > 60 min at a  timee

 At 1 year of age 305 273 (89.5) ‑0.14 (‑0.51, 0.22) 0.00 (‑0.38, 0.39) 0.07 (‑0.31, 0.44)

Sedentary time: no screen time or no > 60 min AND not being restrained for > 60 min at a time

 At 1 year of age 305 176 (57.7) ‑0.12 (‑0.34, 0.11) -0.29 (-0.53, -0.06) 0.11 (‑0.12, 0.34)

Sleep: 11 – 14 h or 10 – 13 h including  napsf

 At 1 year of age 307 258 (84.0) ‑0.07 (‑0.37, 0.23) -0.34 (-0.66, -0.02) 0.13 (‑0.18, 0.43)

 At 5 years of age 370 325 (87.8) 0.18 (‑0.14, 0.50) 0.00 (‑0.31, 0.32) ‑0.12 (‑0.43, 0.19)

Sleep: consistent sleep and wake  timesg

 At 1 year of age 307 56 (18.2) ‑0.20 (‑0.49, 0.07) ‑0.13 (‑0.43, 0.17) 0.25 (‑0.04, 0.54)

 At 2 years of age 254 67 (26.4) 0.11 (‑0.17, 0.40) 0.13 (‑0.16, 0.43) ‑0.06 (‑0.36, 0.23)

 At 3.5 years of age 398 59 (19.8) 0.13 (‑0.16, 0.43) 0.15 (‑0.14, 0.44) ‑0.04 (‑0.32, 0.24)

 At 5 years of age 370 84 (22.7) ‑0.21 (‑0.46, 0.04) ‑0.08 (‑0.32, 0.17) 0.08 (‑0.16, 0.33)

 At 2 or more time points 380 58 (15.3) ‑0.14 (‑0.43, 0.14) ‑0.11 (‑0.40, 0.18) 0.04 (‑0.24, 0.32)

Sleep: both sleep guidelines (duration and consistency)

 At 1 year of age 307 42 (13.7) ‑0.25 (‑0.57, 0.07) ‑0.19 (‑0.53, 0.16) 0.35 (0.03, 0.68)
 At 2 years of age 254 64 (25.2) 0.11 (‑0.18, 0.40) 0.10 (‑0.19, 0.40) ‑0.06 (‑0.36, 0.24)

 At 3.5 years of age 298 56 (18.8) 0.22 (‑0.08, 0.51) 0.21 (‑0.09, 0.51) ‑0.11 (‑0.40, 0.18)

 At 5 years of age 370 77 (20.8) ‑0.20 (‑0.46, 0.05) ‑0.03 (‑0.29, 0.22) 0.03 (‑0.22, 0.29)

 At 2 or more time points 380 48 (12.6) ‑0.13 (‑0.44, 0.17) 0.01 (‑0.30, 0.33) ‑0.04 (‑0.34, 0.26)

All three guidelines: ≥ 180 min/day LMVPA, no screen time or no more than 60 min, and 11 – 14 h or 10 – 13 h including  napsh

 At 1 year of age 297 60 (20.2) ‑0.19 (‑0.47, 0.09) -0.42 (-0.72, -0.12) 0.28 (‑0.01, 0.57)

 At 2 years of age 218 33 (15.1) ‑0.23 (‑0.60, 0.14) ‑0.13 (‑0.52, 0.26) 0.09 (‑0.31, 0.49)

 At 5 years of age 365 134 (36.7) -0.25 (-0.48, -0.02) ‑0.11 (‑0.33, 0.11) 0.12 (‑0.11, 0.34)
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hour at a time, with no apparent relationship with scores 
for mental wellbeing (Table 3).

Table  3 also indicates that while approximately one-
quarter of the effect sizes for sleep compliance in rela-
tion to mental wellbeing met our threshold of potentially 
meaningful, only two were statistically significant. Chil-
dren who slept for 11–14  h at 1  year of age had lower 
scores for anxiety at 5  years of age (MD: -0.34; 95% CI: 
-0.66, -0.02) and those who also had consistent wake 
and sleep times at this age had higher resilience scores at 
5 years (MD: 0.35; 95% CI: 0.03, 0.68). Otherwise, meet-
ing sleep guidelines, whether examined in terms of dura-
tion (level 1) or consistency in bed and wake times (level 
2), or both, had relatively little impact on wellbeing out-
comes at 5 years of age.

Children who met guidelines for all three behaviors 
at 1, 2, or 5 years of age had lower scores for depression 
when they were aged 5 years, although the difference was 
only statistically significant in the cross-sectional analysis 
at 5 years of age (MD: -0.25; 95% CI: -0.48, -0.02). Effect 
sizes for anxiety and resilience were more variable. The 
20.2% of children who adhered to guidelines for all three 
behaviors at 1 year of age had lower scores for anxiety at 
age 5 (MD: -0.42; 95% CI: -0.72, -0.12), but meaningful 
effect sizes were not observed at other ages. No statisti-
cally significant differences were observed for resilience, 
although compliance at the age of 1 was associated with 
potentially better resilience at age 5 (MD: 0.28; 95% CI: 
-0.01, 0.57, Table 3).

Adherence to physical activity or sleep guidelines at 
any age had little relationship to measures of self-regu-
lation at 5 years of age (Table 4). While a few individual 
results met our criteria for effect sizes that were poten-
tially meaningful, these were not consistent over time 
and none were statistically significant. Meeting screen 
time guidelines was not associated with measures of 
self-regulation at any individual age. However, children 
who met screen time guidelines on at least two points 
(26.7%) had significantly lower scores for hyperactivity 
(MD: -0.26; 95% CI: -0.52, -0.01), and significantly higher 
scores for emotional self-control (MD: 0.35; 95% CI: 
0.11, 0.59) and executive functioning (MD: 0.28; 95% CI: 
0.03, 0.53) (Table 4). Not being restrained in carseats and 
strollers for more than 1 h at a time at the age of 1 year 
was associated with lower scores for attentional problems 
(MD: -0.25; 95% CI: -0.60, 0.09) and hyperactivity scores 
(MD: -0.37; 95% CI: -0.74, -0.00), but not emotional self-
control or executive functioning at 5 years of age. Similar 
relationships could not be examined at two years of age 
because almost all (96.8%) of children met this guideline 
(Table 4).

Relatively few significant differences were observed 
in levels of inhibitory control according to adherence 

to guidelines in preschoolers (Table  5). Higher levels of 
inhibitory control, as indicated by higher Statue scores, 
were observed for those who met physical activity guide-
lines at 3.5 (MD: 0.25; 95% CI: -0.01, 0.52) or both 3.5 
and 5 years of age (MD: 0.24; 95% CI: 0.00, 0.49). Neither 
compliance with screen time guidelines or those target-
ing limits to time spent restrained appeared related to 
measures of inhibitory control. Similarly, although chil-
dren who achieved sufficient sleep duration at the age of 
5 showed higher levels of inhibitory control (MD: 0.36; 
95% CI: 0.05, 0.68), as did those who had consistent 
sleep/wake times at 1 year of age (MD: 0.37; 95% CI: 0.06, 
0.69), no other sleep comparisons were significant. Only 
1 of 27 comparisons were significant for the Heads-toes-
knees-shoulder task as a measure of behavioral regula-
tion and inhibition, with scores being higher for children 
who were physically active at 3.5 years of age (median dif-
ference: 9.0; 95% CI: 1.4, 16.5). Overall, meeting all three 
behavior guidelines did not appear related to either of 
these measures of inhibitory control at any age.

Discussion
Our longitudinal study demonstrates that achieving 
appropriate levels of sleep and physical activity while 
limiting sedentary time appears to have relatively lit-
tle impact on measures of mental health and wellbeing 
at five years of age. Overall, meeting individual physical 
activity or sleep guidelines did not appear consistently 
related to levels of anxiety or depression in preschool-
aged children, nor did this predict improved self-regula-
tion or inhibitory control at this age. By contrast, scores 
for anxiety and depression were often about one-third of 
a standard deviation lower in children who met sedentary 
behavior guidelines compared with those who did not at 
any age. Children who met guidelines for all three behav-
iors tended to have lower scores for anxiety at 5 years of 
age, whereas findings for depression and resilience were 
more variable. Meeting all guidelines was not related to 
significant differences in self-regulation or inhibitory 
control at any age examined.

It is difficult to compare our findings with the litera-
ture given so few studies have examined this question in 
early life. Comparisons are also limited by the wide range 
in outcomes that have been investigated, with little con-
sistency across the relevant studies. A recent review in 
older children and adolescents has suggested favourable 
associations between meeting all three recommenda-
tions and improved mental health when compared with 
meeting none of the recommendations [40]. While this 
appears somewhat in contrast to the current study, these 
authors highlight that the evidence in general is weak, 
and in relation to each specific mental health indicator, 
was limited [40]. Data in younger children are scarce. A 
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Table 4 Meeting 24‑h movement behavior guidelines through early childhood and self‑regulation at five years (n = 528)

a Mean difference (95% CI) estimated using regression models adjusted for randomised group, sex, maternal education, household deprivation, primiparous, and BMI 
z-score at 5 years of age, in units of standard deviations
b Proportions who met the first physical activity guideline at 2, 3.5, and 5 years of age were too high to allow estimation of mean differences (94.1, 97.1, and 98.4%, 
respectively)
c Second physical activity guideline applies only to children aged 3 – 5 years
d No screen time (1 – 2 years) or 60 min maximum screen time (3 – 5 years). Not measured at 3.5 years
e Not being restrained in a car seat or stroller for > 60 min at a time, on at least 3 days a week (1 – 2 years). The proportion who met this guideline at 2 years of age was 
too high to allow estimation of mean differences (96.8%). Not measured at 3.5 years
f 11 – 14 h (1 – 2 years) or 10 – 13 h (3 – 5 years). The proportion who met this guideline at 2 and 3.5 years of age and at 2 or more time points was too high to allow 
estimation of mean differences (92.9, 95.6, and 92.6% respectively)
g Having a consistent sleep time or consistent wake time defined as within-person standard deviation of < 30 min
h The proportion who met this guideline at two or more time points was too low to allow estimation of mean differences (9.7%)

Bold figures denote P < 0.05

n N (%) 
who met 
guideline

Attentional 
problems at 5 years 
of age

Hyperactivity at 
5 years of age

Emotional self-
control at 5 years 
of age

Executive 
functioning at 
5 years of age

Standardised mean difference (95% CI)a for those who met the guideline compared 
to those who did not

Physical activity: ≥ 180 min/day  LMVPAb

 At 1 year of age 315 122 (38.7) ‑0.18 (‑0.40, 0.04) ‑0.11 (‑0.35, 0.12) 0.18 (‑0.03, 0.40) 0.10 (‑0.12, 0.33)

Physical activity: ≥ 180 min/day LMVPA including 60 min energetic  playc

 At 3.5 years of age 305 187 (61.3) 0.00 (‑0.21, 0.20) 0.16 (‑0.07, 0.39) 0.02 (‑0.21, 0.24) ‑0.17 (‑0.39, 0.06)

 At 5 years of age 382 310 (81.2) ‑0.09 (‑0.34, 0.15) 0.15 (‑0.11, 0.41) 0.05 (‑0.20, 0.31) 0.02 (‑0.23, 0.27)

 At both 3.5 and 5 years of age 266 144 (54.1) 0.01 (‑0.21, 0.22) 0.22 (‑0.01, 0.46) 0.04 (‑0.19, 0.26) ‑0.11 (‑0.34, 0.12)

Sedentary time: no screen time or no > 60  minutesd

 At 1 year of age 305 191 (62.6) ‑0.09 (‑0.31, 0.13) ‑0.15 (‑0.38, 0.09) 0.12 (‑0.09, 0.34) 0.07 (‑0.15, 0.30)

 At 2 years of age 220 35 (15.9) ‑0.04 (‑0.39, 0.31) 0.00 (‑0.37, 0.37) 0.12 (‑0.22, 0.47) 0.13 (‑0.25, 0.50)

 At 5 years of age 377 151 (40.1) ‑0.14 (‑0.34, 0.06) ‑0.07 (‑0.28, 0.15) 0.17 (‑0.03, 0.38) 0.14 (‑0.07, 0.35)

 At 2 or more time points 311 83 (26.7) ‑0.11 (‑0.35, 0.14) -0.26 (-0.52, -0.01) 0.35 (0.11, 0.59) 0.28 (0.03, 0.53)
Sedentary time: not being restrained for > 60 min at a  timee

 At 1 year of age 305 273 (89.5) ‑0.25 (‑0.60, 0.09) -0.37 (-0.74, -0.00) 0.14 (‑0.21, 0.48) 0.19 (‑0.17, 0.55)

Sedentary time: no screen time or no > 60 min AND not being restrained for > 60 min at a time

 At 1 year of age 305 176 (57.7) ‑0.12 (‑0.34, 0.09) ‑0.15 (‑0.38, 0.08) 0.10 (‑0.11, 0.31) 0.05 (‑0.17, 0.28)

Sleep: 11 – 14 h or 10 – 13 h including  napsf

 At 1 year of age 307 258 (84.0) ‑0.01 (‑0.30, 0.28) ‑0.05 (‑0.36, 0.26) 0.07 (‑0.21, 0.35) 0.09 (‑0.21, 0.39)

 At 5 years of age 370 325 (87.8) 0.14 (‑0.15, 0.44) 0.04 (‑0.28, 0.35) ‑0.03 (‑0.34, 0.28) ‑0.12 (‑0.42, 0.18)

Sleep: consistent sleep and wake  timesg

 At 1 year of age 307 56 (18.2) ‑0.19 (‑0.47, 0.08) ‑0.04 (‑0.33, 0.25) 0.21 (‑0.06, 0.48) 0.17 (‑0.11, 0.45)

 At 2 years of age 254 67 (26.4) 0.09 (‑0.18, 0.36) 0.01 (‑0.28, 0.30) ‑0.12 (‑0.40, 0.15) ‑0.09 (‑0.38, 0.20)

 At 3.5 years of age 398 59 (19.8) ‑0.04 (‑0.30, 0.21) 0.07 (‑0.21, 0.34) ‑0.14 (‑0.41, 0.14) 0.02 (‑0.26, 0.29)

 At 5 years of age 370 84 (22.7) ‑0.18 (‑0.41, 0.05) ‑0.19 (‑0.43, 0.06) 0.16 (‑0.08, 0.40) 0.13 (‑0.10, 0.37)

 At 2 or more time points 380 58 (15.3) ‑0.19 (‑0.46, 0.07) ‑0.10 (‑0.38, 0.18) 0.03 (‑0.24, 0.30) 0.15 (‑0.13, 0.43)

Sleep: both sleep guidelines (duration and consistency)

 At 1 year of age 307 42 (13.7) ‑0.17 (‑0.48, 0.14) ‑0.07 (‑0.40, 0.25) 0.22 (‑0.08, 0.52) 0.23 (‑0.09, 0.55)

 At 2 years of age 254 64 (25.2) 0.05 (‑0.23, 0.32) ‑0.01 (‑0.31, 0.28) ‑0.08 (‑0.36, 0.20) ‑0.06 (‑0.36, 0.23)

 At 3.5 years of age 298 56 (18.8) 0.03 (‑0.23, 0.29) 0.13 (‑0.15, 0.41) ‑0.23 (‑0.51, 0.06) ‑0.06 (‑0.34, 0.22)

 At 5 years of age 370 77 (20.8) ‑0.12 (‑0.36, 0.12) ‑0.17 (‑0.42, 0.08) 0.17 (‑0.08, 0.42) 0.11 (‑0.14, 0.35)

 At 2 or more time points 380 48 (12.6) ‑0.15 (‑0.44, 0.14) ‑0.07 (‑0.37, 0.24) 0.00 (‑0.30, 0.29) 0.15 (‑0.15, 0.45)

All three guidelines: ≥ 180 min/day LMVPA, no screen time or no more than 60 min, and 11 – 14 h or 10 – 13 h including  napsh

 At 1 year of age 297 60 (20.2) ‑0.07 (‑0.34, 0.20) ‑0.08 (‑0.37, 0.21) 0.17 (‑0.09, 0.44) 0.08 (‑0.20, 0.37)

 At 2 years of age 218 33 (15.1) 0.05 (‑0.31, 0.41) 0.08 (‑0.30, 0.46) 0.02 (‑0.34, 0.37) 0.01 (‑0.37, 0.40)

 At 5 years of age 365 134 (36.7) ‑0.05 (‑0.26, 0.16) ‑0.02 (‑0.24, 0.20) 0.12 (‑0.10, 0.34) 0.07 (‑0.15, 0.28)
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Table 5 Meeting 24‑h movement behavior guidelines through early childhood and inhibitory control at five years (n = 463)

a Mean difference (95% CI) estimated using linear regression models adjusted for randomised group, sex, maternal education, household deprivation, primiparous, 
and BMI z-score at 5 years of age, in units of standard deviations
b Median difference (95% CI) estimated using quantile regression models adjusted for randomised group sex, maternal education, household deprivation, 
primiparous, and BMI z-score at 5 years of age, scores range from 0 (less inhibitory control) to 60 (more inhibitory control)
c Proportions who met the first physical activity guideline at 2, 3.5, and 5 years of age were too high to allow estimation of mean differences (93.6, 96.9, and 98.4%, 
respectively)
d Second physical activity guideline applies only to children aged 3 – 5 years
e No screen time (1 – 2 years) or 60 min maximum screen time (3 – 5 years). Not measured at 3.5 years
f Not being restrained in a car seat or stroller for > 60 min at a time, on at least 3 days a week (1 – 2 years). The proportion who met this guideline at 2 years of age was 
too high to allow estimation of mean differences (98.0%). Not measured at 3.5 years
g 11 – 14 h (1 – 2 years) or 10 – 13 h (3 – 5 years). The proportion who met this guideline at 2 and 3.5 years of age and at 2 or more time points was too high to allow 
estimation of mean differences (92.3, 95.5, and 92.5% respectively)
h Having a consistent sleep time or consistent wake time defined as within-person standard deviation of < 30 min
i The proportion who met this guideline at two or more time points was too low to allow estimation of mean differences (9.8%)

Bold figures denote P < 0.05

n N (%) 
who met 
guideline

Statue at 5 years of age Heads-toes-knees-shoulder at 5 years of age

Standardised mean difference (95% CI)a for 
those who met the guideline compared to 
those who did not

Median difference (95% CI)b for those who met 
the guideline compared to those who did not

Physical activity: ≥ 180 min/day  LMVPAc

 At 1 year of age 287 111 (38.7) 0.03 (‑0.22, 0.28) ‑2.3 (‑10.0, 5.5)

Physical activity: ≥ 180 min/day LMVPA including 60 min energetic  playd

 At 3.5 years of age 293 180 (61.4) 0.12 (‑0.12, 0.35) 9.0 (1.4, 16.5)

 At 5 years of age 372 304 (81.7) 0.25 (‑0.01, 0.52) 1.4 (‑7.6, 10.4)

 At both 3.5 and 5 years of age 261 142 (54.4) 0.24 (0.00, 0.49) 7.3 (‑0.9, 15.6)

Sedentary time: no screen time or no > 60  mine

 At 1 year of age 277 174 (62.8) 0.08 (‑0.18, 0.33) 1.3 (‑6.0, 8.6)

 At 2 years of age 200 33 (16.5) ‑0.21 (‑0.59, 0.18) 4.0 (‑7.6, 15.7)

 At 5 years of age 367 146 (39.8) 0.15 (‑0.07, 0.36) ‑1.0 (‑7.5, 5.6)

 At 2 or more time points 296 80 (27.0) 0.02 (‑0.24, 0.28) 5.3 (‑2.4, 13.1)

Sedentary time: not being restrained for > 60 min at a  timef

 At 1 year of age 277 246 (88.8) 0.06 (‑0.33, 0.46) 5.7 (‑5.5, 16.9)

Sedentary time: no screen time or no > 60 min AND not being restrained for > 60 min at a time

 At 1 year of age 277 159 (57.4) 0.08 (‑0.17, 0.33) 2.5 (‑5.0, 10.0)

Sleep: 11 – 14 h or 10 – 13 h including  napsg

 At 1 year of age 280 235 (83.9) ‑0.06 (‑0.40, 0.27) ‑5.9 (‑15.7, 3.9)

 At 5 years of age 360 316 (87.8) 0.36 (0.05, 0.68) 9.5 (‑1.1, 20.2)

Sleep: consistent sleep and wake  timesh

 At 1 year of age 280 51 (18.2) 0.37 (0.06, 0.69) 7.3 (‑1.9, 16.6)

 At 2 years of age 233 60 (25.7) 0.03 (‑0.28, 0.33) ‑1.4 (‑10.3, 7.5)

 At 3.5 years of age 286 58 (20.3) 0.16 (‑0.13, 0.45) 6.6 (‑3.0, 16.2)

 At 5 years of age 360 82 (22.8) 0.18 (‑0.06, 0.43) 5.4 (‑3.0, 13.9)

 At 2 or more time points 361 57 (15.8) 0.12 (‑0.17, 0.41) 4.5 (‑4.5, 13.6)

Sleep: both sleep guidelines (duration and consistency)

 At 1 year of age 280 38 (13.6) 0.30 (‑0.05, 0.66) 4.6 (‑5.5, 14.8)

 At 2 years of age 233 57 (24.5) 0.02 (‑0.29, 0.33) ‑1.0 (‑9.9, 7.9)

 At 3.5 years of age 286 55 (19.2) 0.19 (‑0.10, 0.49) 5.6 (‑4.1, 15.3)

 At 5 years of age 360 75 (20.8) 0.19 (‑0.07, 0.45) 2.9 (‑5.8, 11.6)

 At 2 or more time points 361 47 (13.0) 0.08 (‑0.23, 0.40) ‑0.2 (‑9.5, 9.2)

All three guidelines: ≥ 180 min/day LMVPA, no screen time or no > 60 min, and 11 – 14 h or 10 – 13 h including  napsi

 At 1 year of age 270 53 (19.6) ‑0.10 (‑0.42, 0.22) 1.4 (‑8.0, 10.7)

 At 2 years of age 198 31 (15.7) ‑0.19 (‑0.59, 0.21) 5.8 (‑6.1, 17.7)

 At 5 years of age 355 129 (36.3) 0.14 (‑0.09, 0.36) 1.9 (‑5.5, 9.2)
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cross-sectional study in 4-year old children reported that 
adherence to all three guidelines was marginally associ-
ated with better Theory of Mind performance, a measure 
of a child’s ability to attribute core mental states, but had 
no effect on emotional understanding as measured using 
the Test of Emotion Comprehension [15]. Another cross-
sectional study in 3-year old children determined that 
while children meeting more guidelines did have lower 
scores for emotional and behavioral problems as meas-
ured using the Child Behavior Checklist, the observed 
effect size was small [16]. Only two longitudinal studies 
appear to have been undertaken, both demonstrating 
no evidence of association between compliance to indi-
vidual or combined guidelines and a variety of psycho-
social outcomes one [18] to three [17] years later. These 
findings fit with the mixed body of literature examining 
each individual behavior in relation to outcomes of inter-
est. Although previous reviews have demonstrated that 
children with sleep problems are more likely to develop 
emotional and behavioral problems such as depression 
and anxiety [3, 41, 42], compliance analyses such as in 
the current study focus on sleep duration (and in our case 
also sleep regularity in terms of sleep and wake timings) 
rather than examining the presence or otherwise of sleep 
problems. In our study, scores for anxiety were lower in 
those who met guidelines for sleep duration at one year 
of age (11–14 h a night), scores for resilience were higher 
for those with consistent wake schedules at one year of 
age, and children who met both types of sleep guideline 
at 5 years of age showed improvements in inhibitory con-
trol. However, significant differences were not observed 
at any other ages or measures examined, illustrating lim-
ited consistency in the relationships observed. Others 
have also reported no relationship between meeting sleep 
guidelines and inhibition [18] or measures of externaliz-
ing and internalizing problems [16, 18] or emotional skills 
or prosocial behaviors scores [17], although Cliff et  al. 
[15] reported significantly greater emotional comprehen-
sion in children who met sleep duration guidelines.

Similarly, while previous reviews have demonstrated 
associations between physical activity and mental health 
in children, the effect sizes are often very small, the 
research designs are often weak, and considerable het-
erogeneity exists [4, 43]. For example, none of the these 
previous 24-h movement guidelines papers found any sig-
nificant relationship between meeting activity guidelines 
and any measurement of mental or psychosocial health 
examined [15–18]. A recent review in older children also 
demonstrated that relationships between physical activ-
ity and mental health outcomes were less apparent than 
those observed for sleep and screen time compliance, 
although the quality of the evidence was very low, with 
all studies examined being cross-sectional in design [40].

By contrast, our findings regarding the benefits of 
restricting screen time on reducing levels of depres-
sion and anxiety just prior to starting school did appear 
more consistent, with potentially meaningful effect sizes 
observed at many of the time points examined. Ben-
eficial effects were particularly evident in children who 
met guidelines at two or more time points. None of the 
previous 24-h movement papers specifically examined 
anxiety or depression, with most reporting no significant 
relationships with a variety of other measures [15, 17, 
18], with the exception of Carson et al. [16] who reported 
higher externalizing and internalizing problem scores in 
children who did not meet screen time guidelines. Pre-
vious reviews have also indicated that the relationships 
between screen time and psychosocial outcomes are 
inconsistent in young children, with few measuring anxi-
ety or depression for comparison [44]. However, a recent 
review of reviews has highlighted that there is moder-
ately strong evidence for an adverse association between 
screen time and depressive symptoms (with a weak asso-
ciation for anxiety) in children and adolescents in general 
[45]. Why our study observed more consistent findings 
for screen time compared with physical activity or sleep 
is not clear, particularly given the parent-reported nature 
of our screen time data in comparison with data on sleep 
and physical activity which were objectively measured. 
Unfortunately, little is currently known regarding the 
underlying mechanisms explaining how and why sleep 
and activity may be beneficial, and screen time not, for 
mental health in children [4]. Few studies have examined 
potential mechanisms and a high level of study heteroge-
neity exists, limiting firm conclusions.

It is clear that many questions remain about the rela-
tionships between sleep, physical activity, and screen 
time in relation to mental health and wellbeing, with a 
strong need for prospective, high-quality studies that use 
robust measures of all movement behaviors and validated 
measures of mental health to increase our understanding 
in this topic area [40]. Repeated measures of key behav-
iors may help address issues relating to the heterogene-
ity of findings at this young age, given the rapid changes 
in development that occur both behaviourally and emo-
tionally. Psychosocial outcomes need to be examined in 
a multitude of ways, including both subjective and objec-
tive tests where possible, given the relative strengths and 
weaknesses of each. It is also feasible that the mixed find-
ings to date arise as a result of insufficient consideration 
of whether any critical windows exist for 24-h movement 
behaviors being able to influence later mental health and 
wellbeing in young children.

Our study has several strengths including the assess-
ment of both sleep and physical activity by actigraphy, 
over several days, and at multiple time points, and our 
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evaluation of the second ‘level’ of sleep (consistency) and 
sedentary (restraint) guidelines which have rarely been 
examined to date. We also evaluated multiple aspects of 
mental health and wellbeing, using both parental report 
assessing ‘usual’ behavior, and a more ‘moment-in-time’ 
lab-based assessment by trained measurers. Measur-
ing children’s self-regulation skills via laboratory tasks 
represents a significant strength of this study. However, 
our study also has some limitations. While our measure-
ment of screen time covered multiple types of device use, 
reflecting the rapid changes in technology use over recent 
times, we did not collect quantifiable data at 3.5 years of 
age limiting any comparison against guidelines at this 
time. Although our sample size was reasonably large, we 
did not have sufficient participant numbers to investigate 
whether differences in the relationship between adher-
ence to guidelines and mental health and wellbeing out-
comes were apparent in boys and girls. We also could 
not assess the relationships at several of the time points 
because of ceiling effects with very high numbers of chil-
dren achieving the requisite guideline (physical activity at 
2 years, sleep at 2 and 3.5 years). It is perhaps surprising 
that such high numbers of children achieved the sleep 
guidelines given that we measured sleep using actigraphy, 
which typically provides values for sleep duration that are 
shorter than those obtained by questionnaire [46]. How-
ever, current Canadian sleep guidelines have been pre-
dominantly developed on the basis of questionnaire data 
on sleep duration [11], meaning that it is likely we have 
underestimated the number of children who met sleep 
guidelines. In the absence of alternatives, we used accel-
erometer cut-points that were developed for older tod-
dlers [32, 33] than the youngest age point included in our 
sample (3 years versus 1 year) and the same cut points at 
each age point. As children’s motor development changes 
rapidly during the first two years of life, the use of these 
cut-points may have introduced measurement inaccu-
racy. Finally, multiple measures of mental health and 
psychosocial functioning were presented, but these were 
mostly obtained from a single questionnaire, the BASC-
2, in which some items are used in a number of different 
subscales. However, while the different constructs repre-
sented by the subscales might be correlated, the subscales 
were examined in separate models.

Conclusions
Although adherence to some individual movement 
guidelines at certain ages throughout early childhood 
was associated with improved mental health and well-
being at 5 years of age, particularly reduced anxiety and 
depression scores, there was little consistency in these 
relationships. Therefore, it is not possible to conclude 
that better mental health and wellbeing outcomes result 

for pre-schoolers meeting any one, or all movement 
guidelines from this research. Perhaps a different analytic 
approach is required such as examining compositional 
time use [47, 48] in relation to mental wellbeing in chil-
dren. Compositional analyses, a relatively recent phe-
nomenon, investigate all movement behaviours (sleep, 
activity, sedentary time) simultaneously, by account-
ing for the finite nature of the 24-h window, where if 
time spent in one component increases (e.g. sleep), then 
another component within the same 24-h block must 
decrease (e.g. sedentary time or physical activity). While 
researchers are starting to examine compositional time 
use in relation to mental wellbeing in children cross-sec-
tionally [49, 50], longitudinal data are scarce [51].

Abbreviations
LMVPA: Light‑to‑vigorous physical activity; MVPA: Moderate‑to‑vigorous 
physical activity; BASC‑2: Behavioral Assessment System for Children; NEPSY‑2: 
NEuroPSYchological Assessment.

Acknowledgements
We are grateful to all the families who participated in the POI study, and to the 
POI research staff in the Departments of Women’s and Children’s Health, and 
Medicine at the University of Otago.

Authors’ contributions
RWT and BJT are Principal Investigators of POI and designed the overall pro‑
ject along with DH, KM‑J and BCG; RWT conceived the idea for this study; KMJ 
undertook the accelerometry analyses; JJH designed and undertook the sta‑
tistical analyses; RWT wrote the first and subsequent drafts of the manuscript 
and all authors critically revised the manuscript for important intellectual 
content. RWT had primary responsibility for final content. All authors read and 
approved the final manuscript.

Funding
The POI Study was funded by the Health Research Council of New Zealand 
(08/374, 12/281, 12/310) and the Southern District Health Board. RWT is sup‑
ported by a Fellowship from Karitane Products Society. The funding source 
had no role in the design and conduct of the study; collection, management, 
analysis, or interpretation of the data; preparation, review, or approval of the 
manuscript; or the decision to submit the manuscript for publication.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The original intervention was approved by the Lower South Ethics Committee 
(LRS/12/08/063) and the follow‑up study by the University of Otago Human 
Ethics Committee (12/274). Written informed consent was obtained from the 
parent/guardian of all child participants.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details
1 Department of Medicine, University of Otago, PO Box 56, Dunedin, New 
Zealand. 2 Biostatistics Centre, University of Otago, Dunedin, New Zealand. 
3 Department of Psychology, University of Otago, Dunedin, New Zealand. 



Page 12 of 13Taylor et al. Int J Behav Nutr Phys Act          (2021) 18:110 

4 Department of Women’s and Children’s Health, University of Otago, Dunedin, 
New Zealand. 

Received: 19 May 2021   Accepted: 10 August 2021

References
 1. Mental health: a state of well‑being [http:// www. who. int/ featu res/ factf 

iles/ mental_ health/ en/]. Accessed 5 Apr 2021.
 2. Robson DA, Allen MS, Howard SJ. Self‑regulation in childhood as a 

predictor of future outcomes: a meta‑analytic review. Psychol Bull. 
2020;146:324–54.

 3. Chaput JP, Gray CE, Poitras VJ, Carson V, Gruber R, Olds TS, Weiss SK, Gor‑
ber SC, Kho ME, Sampson M, et al. Systematic review of the relationships 
between sleep duration and health indicators in school‑aged children 
and youth. Appl Physiol Nutr Metab. 2016;41:S266–82.

 4. Lubans D, Richards J, Hillman C, Faulkner G, Beauchamp M, Nilsson 
M, Kelly P, Smith J, Raine L, Biddle S. Physical activity for cognitive and 
mental health in youth: a systematic review of mechanisms. Pediatrics. 
2016;138:e20161642.

 5. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, 
Goldfield G, Connor GS. Systematic review of sedentary behaviour and 
health indicators in school‑aged children and youth. Int J Behav Nutr 
Phys Act. 2011;8:98.

 6. Chaput JP, Gray CE, Poitras VJ, Carson V, Gruber R, Birken CS, MacLean JE, 
Aubert S, Sampson M, Tremblay MS. Systematic review of the relation‑
ships between sleep duration and health indicators in the early years 
(0–4 years). BMC Pub Health. 2017;17:855.

 7. Carson V, Lee E‑Y, Hewitt L, Jennings C, Hunter S, Kuzik N, Stearns JA, 
Unrau SP, Poitras VJ, Gray C, et al. Systematic review of the relationships 
between physical activity and health indicators in the early years (aged 
0–4 years). BMC Pub Health. 2017;17:854.

 8. Poitras VJ, Gray CE, Janssen X, Aubert S, Carson V, Faulkner G, Goldfield GS, 
Reilly JJ, Sampson M, Tremblay MS. Systematic review of the relationships 
between sedentary behaviour and health indicators in the early years 
(0–4 years). BMC Pub Health. 2017;17:868.

 9. Williams SM, Taylor BJ, Taylor RW. Do more active children sleep more? 
A repeated cross‑sectional analysis using accelerometry. PLoS One. 
2014;9:e93117.

 10. Rollo S, Antsygina O, Tremblay MS. The whole day matters: understanding 
24‑hour movement guideline adherence and relationships with health 
indicators across the lifespan. J Sport Health Sci. 2020;9:493–510.

 11. Tremblay MS, Carson V, Chaput JP, Adamo KB, Aubert S, Choquette L, et al. 
Canadian 24‑hour movement guidelines for the early years (0–4 years): 
an integration of physical activity, sedentary behavior, and sleep. BMC 
Pub Health. 2017;17:874.

 12. Australian 24‑hour movement guidelines for the early years (birth to 5 
years): an integration of physical activity, sedentary behaviour, and sleep 
[https:// www1. health. gov. au/ inter net/ main/ publi shing. nsf/ Conte nt/ 
npra‑0‑ 5yrs‑ broch ure]. Accessed 14 Apr 2021.

 13. Sit less, move more, sleep well: active play guidelines for under‑fives 
[https:// www. health. govt. nz/ publi cation/ sit‑ less‑ move‑ more‑ sleep‑ well‑ 
active‑ play‑ guide lines‑ under‑ fives]. Accessed 14 Apr 2021.

 14. Guidelines on physical activity, sedentary behaviour and sleep for 
children under 5 years of age [https:// apps. who. int/ iris/ handle/ 10665/ 
311664]. Accessed 14 Apr 2021.

 15. Cliff DP, McNeill J, Vella SA, Howard SJ, Santos R, Batterham M, Melhuish 
E, Okely AD, de Rosnay M. Adherence to 24‑hour movement guidelines 
foer the early years and associations with social‑cognitive development 
among Australian preschool children. BMC Pub Health. 2017;17:857.

 16. Carson V, Ezeugwu VE, Tamana SK, Chjikuma J, Lefebvre DL, Azad MB, 
Moraes TJ, Subbarao P, Becker AB, Turvey SE, et al. Associations between 
meeting the Canadian 24‑hour movement guidelines for the early years 
and behavioral and emotional problems among 3‑year‑olds. J Sci Med 
Sport. 2019;22:797–802.

 17. Hinkley T, Timperio A, Watson A, Duckham RL, Okely AD, Cliff DP, Carver 
A, Hesketh KD. Prospective associations with physiological, psychosocial 
and educational outcomes of meeting Australian 24‑hour movement 
guidelines for the early years. Int J Behav Nutr Phys Act. 2020;17:36.

 18. McNeill J, Howard SJ, Vella SA, Cliff DP. Compliance with the 24‑Hour 
movement guidelines for the early years: Cross‑sectional and longitu‑
dinal associations with executive function and psychosocial health in 
preschool children. J Sci Med Sport. 2020;23:846–53.

 19. Chia MYH, Tay LY, Chua TBK. Quality of life and meeting 24‑h WHO 
guidelines among preschool children in Singapore. Early Child Educ J. 
2020;48:313–23.

 20. Meredith‑Jones K, Haszard JJ, Moir C, Heath A‑L, Galland BC, Taylor BJ, 
Gray AR, Sayers RM, Taylor RW. Physical activity and inactivity trajec‑
tories associated with body composition in preschoolers. Int J Obes. 
2018;42:1621–30.

 21 Taylor BJ, Heath A‑L, Galland BC, Gray AR, Lawrence JA, Sayers RM, Dale K, 
Coppell KJ, Taylor RW. Prevention of overweight in infancy (POI.nz) study: 
a randomised controlled trial of sleep, food and activity interventions for 
preventing overweight from birth. BMC Pub Health. 2011;11:942.

 22 Taylor RW, Heath A‑LM, Galland BC, Cameron SL, Lawrence JA, Gray AR, 
Tannock GW, Lawley B, Healey D, Sayers RM, et al. Three‑year follow‑up of 
a randomised controlled trial to reduce excessive weight gain in the first 
two years of life: protocol for the POI follow‑up study. BMC Pub Health. 
2016;16:771.

 23. Moir C, Meredith‑Jones K, Taylor BJ, Gray AR, Heath ALM, Dale K, Galland 
BC, Lawrence JA, Sayers RM, Taylor RW. Early intervention to encourage 
physical activity in infants and toddlers: an RCT. Med Sci Sports Exerc. 
2016;48:2246–453.

 24. Taylor BJ, Gray AR, Galland BC, Heath A‑L, Lawrence JA, Sayers RM, 
Cameron SL, Hanna M, Dale K, Coppell KJ, Taylor RW. Targeting sleep, 
food, and activity in infants for obesity prevention: an RCT. Pediatrics. 
2017;139:e20162037.

 25. Taylor RW, Gray AR, Heath A‑LM, Galland BC, Lawrence JA, Sayers RM, 
Healey D, Tannock GW, Meredith‑Jones K, Hanna M, et al. Sleep, nutrition 
and physical activity interventions to prevent obesity in infancy: Follow‑
up of the POI randomized controlled trial at 3.5 & 5 years. Am J Clin Nutr. 
2018;108:228–36.

 26. Atkinson J, Salmond C, Crampton P. NZDep2013 index of deprivation. 
Department of Public Health: University of Otago. 2014;5541:1–64.

 27. de Onis M, Onyango AW, Van den Broeck J, Chumlea WC, Martorell R. 
Measurement and standardization protocols for anthropometry used in 
the construction of a new international growth reference. Food Nutr Bull. 
2004;25:S27‑36.

 28. World Health Organization. WHO child growth standards based on 
length/height, weight and age. Acta Paediatr Suppl. 2006;450:76–85.

 29. Galland BC, Kennedy GJ, Mitchell RA, Taylor BJ. Algorithms for using an 
activity‑based accelerometer for identification of infant sleep‑wake states 
during nap studies. Sleep Med. 2012;13:743–51.

 30. Meredith‑Jones K, Williams SM, Galland BC, Kennedy G, Taylor RW. 24hr 
accelerometry: Impact of sleep‑screening methods on estimates of 
physical activity and sedentary time. J Sport Sci. 2016;34:679–85.

 31. Esliger DW, Copeland JL, Barnes JD, Tremblay MS. Standardizing and 
optimizing the use of accelerometer data for free‑living physical activity 
monitoring. J Phys Act Health. 2005;2:366–83.

 32. Adolph A, Puyau M, Vohra F, Nicklas T, Zakeri I, Butte NF. Validation of 
uniaxial and triaxial accelerometers for the assessment of physical activity 
in children. J Phys Act Health. 2012;9:944–53.

 33. Janssen X, Cliff DP, Reilly JJ, Hinkley T, Jones R, Batterham M, Ekelund 
U, Brage S, Okely AD. Evaluation of actical equations and thresholds to 
predict physical activity intensity in young children. Phys Act Health. 
2015;33:498–506.

 34. Reynolds CR, Kamphaus RW. BASC‑2: behavior assessment system for 
children. 2nd ed. Bloomington: Pearson Assessments; 2004.

 35 Korkman M, Kirk U, Kemp S. NEPSY ‑ second edition (NEPSY ‑ II). San 
Antonio: Pearson Education; 2007.

 36. McClelland MM, Cameron CE. Self‑regulation in early childhood: Improv‑
ing conceptual clarity and developing ecologically valid measures. Child 
Dev Perspect. 2012;6:136–42.

 37. Greenland S, Senn SJ, Rothman KJ. Statistical tests, P values, confidence 
intervals, and power: a guide to misinterpretations. Europ J Epidemiol. 
2016;31:337–50.

 38. Schafer T, Schwarz MA. The meaningfulness of effect sizes in psychologi‑
cal research: Differences between sub‑disciplines and the impact of 
potential biases. Front Psychol. 2019. https:// doi. org/ 10. 3389/ fpsyg. 2019. 
00813.

http://www.who.int/features/factfiles/mental_health/en/
http://www.who.int/features/factfiles/mental_health/en/
https://www1.health.gov.au/internet/main/publishing.nsf/Content/npra-0-5yrs-brochure
https://www1.health.gov.au/internet/main/publishing.nsf/Content/npra-0-5yrs-brochure
https://www.health.govt.nz/publication/sit-less-move-more-sleep-well-active-play-guidelines-under-fives
https://www.health.govt.nz/publication/sit-less-move-more-sleep-well-active-play-guidelines-under-fives
https://apps.who.int/iris/handle/10665/311664
https://apps.who.int/iris/handle/10665/311664
https://doi.org/10.3389/fpsyg.2019.00813
https://doi.org/10.3389/fpsyg.2019.00813


Page 13 of 13Taylor et al. Int J Behav Nutr Phys Act          (2021) 18:110  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 39. Meredith‑Jones KA, Taylor RW, Haszard JJ, Galland BC, Heath A‑LM, 
Lawrence J, Gray AR, Sayers RC, Hanna M, Hatch B, Taylor BJ. Do young 
children consistently meet 24‑hour movement guidelines? A longitudinal 
analysis using actigraphy. Int J Obes. 2019;43:2555–64.

 40. Sampasa‑Kanyinga H, Colman I, Goldfield G, Janssen I, Wang J, Podinic I, 
Tremblay MS, Saunders TJ, Sampson M, Chaput JP. Combinations of physi‑
cal activity, sedentary time, and sleep duration and their association with 
depressive symptoms and other mental health problems in children and 
adolescents: a systematic review. Int J Behav Nutr Phys Act. 2020;17:72.

 41. Sadeh A, Liat T, Kahn M. Sleep in infancy and childhood: implication for 
emotional and behavioral difficulties in adolescence and beyond. Curr 
Opin Psychiatr. 2014;27:453–9.

 42. McMakin DL, Alfano CA. Sleep and anxiety in late childhood and early 
adolescence. Curr Opin Psychiatr. 2015;28:483–9.

 43. Biddle SJH, Asare M. Physical activity and mental health in children and 
adolescents: a review of reviews. Brit J Sports Med. 2011;45:886–95.

 44. Hinkley T, Teychenne M, Downing KL, Ball K, Salmon J, Hesketh KD. Early 
physical activity, sedentary behaviors and psychosocial wellbeing: a 
systematic review. Prev Med. 2014;62:182–92.

 45. Stiglic N, Viner RM. Effects of screentime on the health and well‑being 
of children and adolescents: a systematic review of reviews. BMJ Open. 
2019;9:e023191.

 46. Galland BC, Short MA, Terrill P, Rigney G, Haszard JJ, Coussens S, Foster‑
Owens M, Biggs S. Establishing normative values for pediatric nighttime 
sleep measured by actigraphy: a systematic review and meta‑analysis. 
Sleep. 2018;41:1–16. .https:// doi. org/ 10. 1093/ sleep/ zsy10 17.

 47. Pedišić Z. Measurement issues and poor adjustments for physical activity 
and sleep undermine sedentary behaviour research—the focus should 
shift to the balance between sleep, sedentary behaviour, standing and 
activity. Kinesiology. 2014;46:135–46.

 48. Kuzik N, Poitras VJ, Tremblay MS, Lee E‑Y, Hunter S, Carson V. Systematic 
review of the relationships between combinations of movement behav‑
iors and health indicators in the early years (0–4 years). BMC Pub Health. 
2017;17:849.

 49. Bezerra TA, Clark CCT, Filho ANDS, Fortes LDS, Mota JAPS, Duncan MJ, 
Martins CMDL. 24‑hour movement behaviour and executive function 
in preschoolers: A compositional and isotemporal reallocation analysis. 
Europ J Sport Sci. 2021;21:1064–72.

 50. Fairclough SJ, Tyler R, Dainty JR, Dumuid D, Richardson C, Shepstone 
L, Atkin AJ. Cross‑sectional associations between 24‑hour activity 
behaviours and mental health indicators in children and adolescents: A 
compositional data analysis. J Sports Sci. 2021;39:1602–14.

 51. Chong KH, Parrish A‑M, Okely AD. Cross‑sectional and longitudinal 
associations between 24‑hour movement behaviours, recreational screen 
use and psychosocial health outcomes in children: A compositional data 
analysis approach. Int J Environ Res Public Health. 2021;18:0603.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1093/sleep/zsy1017

	Adherence to 24-h movement behavior guidelines and psychosocial functioning in young children: a longitudinal analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Adherence to guidelines
	Mental health outcomes at 5 years of age
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


