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Physical activity (PA) and sedentary behaviour (SED) have been linked to the
mental health of children and adolescents, yet the timing of behaviours may
play a role in this relationship and clarifying this could inform interventions.
We explored cross-sectional associations of PA and SED in varying time segments
throughout the school day with the mental health of school-aged children and
adolescents from rural Northeastern Ontario, Canada. A total of 161 students
(56% female, M=10.3 years old) wore accelerometers for 8 days (7 nights) and
completed a self-report survey (parent reported for children younger than 11).
Mental health was measured using the Strengths and Difficulties Questionnaire.
Accelerometer-measured SED, light PA (LPA), and moderate and vigorous PA
(MVPA) were estimated in the time-segments before school (06:00-08:44),
school time (08:45-15:04), after school (15:05-16:59), and evenings (17:00—
21:59). Associations were tested with multilevel linear regressions while adjusting
for confounding factors. Students spent 72.6 min in MVPA, 209.0 min in LPA, and
621.0 min in SED per day. Daily SED was associated with less conduct problems
(B=—0.27, p<0.05). Evening LPA was inversely associated with hyperactivity
(B=—145, p<0.05), while SED was associated with hyperactivity and with peer
problems before school (f=1.70 and p=1.01, respectively, p<0.05), and during
school (f=—0.83 and p=-0.57, respectively, p<0.05). No associations were
observed for MVPA, emotional symptoms, or prosocial behaviour. In conclusion,
displacing SED with LPA in some specific periods of the day may benefit the
mental health of students; taking this into account could strengthen interventions.
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Background

The mental health of children and adolescents has recently
received increased attention in the scientific literature (Costello
et al,, 2005; Thapar et al,, 2012), given a worrying increase in
depressive symptoms and other indicators of mental ill-health in
recent years. Unfortunately, an even worse scenario is projected by
2030, where depressive disorders are estimated to be the leading
cause of burden of disease worldwide (World Health Organization,
2004). Among adolescents, depression is the major cause of
disability across the globe and a strong risk factor for early mortality
(Thapar et al., 2012; Petito et al., 2020; World Health Organization,
2021), and its onset during childhood and adolescence also predicts
elevated risk of mental disorders in adulthood (Thapar et al., 2012;
Mulraney et al., 2021). Mental health is multifactorial and although
some of its biological risk factors are hard to change (Thapar et al,,
2012), modifiable environmental (e.g., access to green space) and
behavioural (e.g., physical activity, screen time) factors may
be related with increased risk or protection (Schuch et al., 2018).
Investigating modifiable risk factors associated with children and
adolescents’ mental health is urgent, as interventions and policies to
mitigate mental health problems must be informed by strong
scientific evidence (Thapar et al., 2012).

There is an abundance of evidence showing that the
maintenance of adequate levels of physical activity (PA) provides
health benefits for pediatric populations (Janssen and Leblanc,
2010; Biddle and Asare, 2011; Rasberry et al.,, 2011; Poitras et al.,
2016; Bidzan-Bluma and Lipowska, 2018; Whooten et al., 2019;
Chaput et 2020), the of
non-communicable diseases, improvement of mental health and

al,, including prevention
academic performance, and ultimately better quality of life.
Similarly, evidence has shown that sedentary behaviour (SED), or
behaviours undertaken in a sitting or reclined position with low
energy expenditure (Tremblay et al., 2017) have been linked to
worse metabolic health, mental health, cognitive health, physical
fitness, body composition, and holistic measures of health of
children and adolescents (Tremblay et al., 2010, 2011; Chinapaw
et al., 2011; Carson et al., 2016; Ekris et al., 2016; Biddle et al.,
2017; Boberska et al., 2018), and should be avoided in excess.
However, recent studies have shown that not all types of PA and
SED are equal, and contextual factors may play an important role
in their impact on health (Schmidt et al., 2017). Information about
where each behaviour happens (e.g., in a park or at home), the
types and contents of each behaviour (e.g., studying using a
computer or using social media), and the timing of behaviours
(e.g., during school hours or in the evening) are examples of
contextual factors that may play a role in the relationship of PA
and SED with mental health (Carson et al., 2016; Schmidt et al.,
2017; da Costa et al., 2022a; Zou et al., 2022), and they have
received little attention in scientific literature, possibly because of
methodological challenges of measuring contextual factors, such
as assessing time-stamped PA and SED. Although the role of
different types of PA and SED in relation to mental health has
been recently explored in the scientific literature, fewer studies
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have examined the timing of behaviour (i.e., when behaviour is
happening) into account when analysing the relationship of PA
and SED with mental health. A recent review with adults has
found only three studies investigating the timing of PA and mental
health, with two studies testing the impact of exercise in different
periods of the day on mental health indicators of older adults, with
one observing improvement in mood with exercise in the
afternoon, and the other showing similar results between morning
and evening exercises on mood; and one study comparing PA
patterns between individuals with Alzheimer’s disease and healthy
controls, observing significant differences in PA engagement in
the morning (Janssen et al., 2022). Even less is known about how
PA and SED in different time segments of the day relate to mental
health of youth.

Previous studies found different associations between PA and
SED participation and different domains of psychological
difficulties measured by the Strengths and Difficulties
Questionnaire (SDQ; Stone et al., 2015). Ahn et al. (2018) explored
the relationship of accelerometer-measured PA and SED with
SDQ-measured outcomes in school-aged children and found
evidence that PA was inversely related to peer problems, and
positively related to conduct problems and hyperactivity, whereas
SED was positively related to peer problems and inversely related
to hyperactivity scores (Ahn et al., 2018). In another study, self-
reported PA was associated with increased prosocial behaviour
and lower peer problems among boys and girls from London,
United Kingdom (Brodersen et al, 2005), while SED was
associated with increased conduct problems, hyperactivity, and
emotional symptoms (Brodersen et al., 2005). Yet, these studies
did not investigate the role of behaviours at different times of the
day in relation to mental health.

Data derived from wrist-worn accelerometers provide a
temporal record of PA that can be used to determine how SED and
PA behaviours are distributed throughout the day (Sasaki et al.,
2016), providing more contextual information such as how
children spend their time before, during, and after attending
school. However, it is unclear if the timing of behaviours is an
important factor in the relationship between PA and SED with
mental, social, or emotional health indicators. A study with
Brazilian students (12.9+5.3years old) found no association
between peer support for PA with PA of any intensity during
school time, recess, or PE classes (da Costa et al., 2019a), but
found a significant inverse relationship with SED during school
time, suggesting that peer interactions such as encouragement and
playing together are related to SED in this specific context (da
Costa et al., 2019b). However, it is unclear if PA and SED during
different periods of the day relate differently to conduct problems,
peer problems, hyperactivity, emotional symptoms, and/or
prosocial behaviour. Investigating how time-segmented PA and
SED relate to different measures of mental health could inform
interventions that specifically target PA and SED levels in one
particular period of the day to maximize its impact on mental
health indicators. Given the limited information on the
relationship between accelerometer-derived data and different
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mental health outcomes among children and adolescents, the
present cross-sectional study aimed to analyze the associations of
PA and SED in different time-segments of the school day with
mental health indicators in a sample of school children from
Northeastern Ontario.

Materials and methods
Participants and procedure

Children and adolescents aged 5-14 were recruited from 3
rural elementary schools (K-8) in Northeastern Ontario (Canada)
in May-June 2019 and January-February 2020, before it was
interrupted by the COVID-19 pandemic. Following school board
approval, an invitation to participate in the study was distributed
by the school board to principals of rural schools within the board.
The research team met with interested principals and school
health promoters to explain the study. Upon agreement, study
information was shared with teachers, and students were invited
to participate. Each student received a package containing the
study description, consent forms, and a survey link for their
parents/guardians. Written informed consent was obtained from
the participants’ legal guardians, and verbal assent was provided
by each participant. The procedures of the study were approved by
two local school boards and the Nipissing University Research
Ethics Board.

Measures

Physical activity and sedentary behaviour
Participants wore GENEActiv accelerometers (ActivInsights
Ltd., Kimbolton, Cambridgeshire, United Kingdom) on their
non-dominant wrist for 24-h across 8days (7 nights). The
GENEACctiv is a small device (4.3 x 4.0 x 1.3cm, 16g) that
resembles a wristwatch and measures acceleration between —8g
and 8g across 3 axes (x, y, and z) with an 85.7 Hz sampling rate.
After the data collection period, devices were retrieved by the
research team, and data were downloaded using proprietary
software (i.e., GENEActiv personal computer software version
3.2.). Raw accelerometer data were analyzed using the package
GGIR (Migueles et al., 2019), according to the following steps: (1)
autocalibration using local gravity as a reference (van Hees et al.,
2014); (2) detection of sustained abnormally high values; (3)
non-wear detection; and (4) calculation of the average magnitude
of dynamic acceleration (Rowlands et al., 2016). The Euclidian
norm minus one (ENMO) metric was the chosen data reduction
method, using an epoch length of 5s (van Hees et al., 2013).
ENMO thresholds validated for the pediatric population by
Hildebrand and colleagues were used to calculate inactive (or
stationary) behaviour (proxy of SED), and PA of light (LPA), and
moderate-and-vigorous intensity (MVPA; Hildebrand et al., 2014,
2017). Quantification of SED and PA within predetermined
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time-segments of the day were calculated using a custom script
written in MATLAB (MathWorks, Natick, MA, United States),
using a daily class schedule provided by the schoolteachers. Time
segments for waking behaviours were operationalized as Before
school (06:00:00-08:44:55); School time (08:45:00-15:04:55);
After School (15:05:00-16:59:55); and Evening (17:00:00-
21:59:55). One of the three schools followed a balanced day
schedule instead of traditional day schedule, with learning blocks
organized in three periods of 100 min separated by two 40-min
breaks for nutrition and play. The other two schools followed the
traditional day schedule, with two shorter breaks in the morning
and afternoon and a longer lunch break dividing the learning
periods. For the balanced day school, the school time segment
lasted 10 min longer, which was adjusted based on the threshold
of the after-school period (i.e., the transition between the “School
time” and “After School” segments was 15:15:00 instead of
15:05:00). Using the daily school schedule provided by the
teachers, behaviours in physical and health education (PHE)
classes, learning time, and recesses/breaks were also calculated.
Data from holidays, school absences, and days when the school
was closed due to inclement weather were not analyzed.
Accelerometer non-wear time was identified based on the
standard deviation and value range of each axis being less than
13 and 50 mg, respectively (van Hees et al., 2013). Thus, the
minimal accelerometer wear-time for inclusion in the data
analyses was set at four valid days, with a valid day being defined
as at least 16 h of accelerometer wear-time in the midnight-to-
midnight period. For days with more than 16h but less than 24 h
of wear time, the difference was imputed using data from similar
days. For the time-segmented analysis, a valid time segment was
one in which at least 66% of its duration was classified as wear-
time. All participants had to provide two or more valid segments
to be included in the analyses of time-segmented data. The only
exception was PHE classes, where the minimum number of valid
PHE classes recorded was one, as some classes only had one PHE
class per week. The median number of valid time segments per
participant was 5 or above for all except PHE classes (median =3).

Mental health

The SDQ (Goodman, 2001), a 25-item questionnaire, was
used to measure five constructs of mental health: peer problems,
hyperactivity, emotional problems, conduct problems, and
prosocial behaviour. The SDQ was used in several previous studies
with children and adolescents and its psychometric properties are
considered strong in a review of validation studies, with a
weighted (n=53,691) mean internal consistency ranging from
0.53 to 0.81 across its multiple constructs for the parent-reported
version and validated and confirmed factor structure (Goodman,
2001; Stone et al., 2010, 2015). Parents of children younger than
11 answered the SDQ for them, while children 11 and older self-
reported. For each construct, the resulting scores range from 0-10
where higher values are unfavourable, except for prosocial
behaviour, which is inverted (i.e., 10 means the worst score for
conduct problems, but the best for prosocial behaviour).
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Sociodemographic

Sex and date of birth were reported by the respondents (i.e.,
children or parents). Age was calculated. Both variables were used
as covariates in statistical analyses.

Analyses

Data were described using means and standard deviations.
The internal consistency of latent variables measured with the
SDQ was calculated using Cronbach’s Alpha and is presented in
Supplementary Table 1.

To test the association of SED, LPA, and MVPA with mental
health indicators, multilevel linear regression models were used.
Since PA and SED within the same time segment are collinear (i.e.,
they must add up to the duration of a given class), models for SED,
LPA, and MVPA were fit separately. For time-segmented data, a
model was fit for each outcome and each behaviour but was
mutually adjusted for the same behaviour in other time segments.
For example, the association between MVPA and conduct
problems included MVPA levels before school, at school, after
school, and during the evening. This model structure was chosen
since MVPA in different time segments are not necessarily
collinear, but there may be some compensation, and thus were
mutually adjusted (e.g., less MVPA in one segment due to higher
MVPA in another). The data collection happened across different
schools, grades, and different teachers and schedules, all of which
are factors that can influence PA and SED levels. Thus, to address
this variability, we used a multilevel structure with a random
intercept for classes in which children are nested. Further, all
models were adjusted for age and sex. Model residuals were
inspected for heteroscedasticity, normality, and the effects of
possible outliers. No transformations were made, or
observations excluded.

The descriptive and inferential analyses were conducted in R,
version 4.2.1 for Windows (R Foundation for Statistical
Computing, Vienna, Austria). Statistical signiﬁcance was set at
P <0.05 (two-tailed).

TABLE 1 Characteristics of the participants.

Overall (n=161)

10.3389/fpsyg.2022.1025444

Sensitivity analyses

The SDQ outcomes can also be expressed in summary measures
of externalizing, internalizing, and total difficulties. Externalizing is
the combination of the conduct and hyperactivity scales.
Internalizing is the combination of emotional and peer problem
constructs, and both range from 0 to 20 with 20 being the worst score
possible. The total difficulties scale combines all constructs except for
prosocial behaviour and varies between 0 and 40, also with the
highest scores meaning more difficulties. As a sensitivity analyses,
we also investigated of the associations of daily and time-segmented
SED, LPA, and MVPA with internalizing, externalizing, and total
difficulties, and the results are presented in Supplementary Tables 2, 3.

Results

A total of 483 children and adolescents were invited to
participate, and 279 (57.7%) were authorized by their guardians to
participate. Of those, 161 (33.3% of the total invited) answered the
survey questionnaire and provided valid accelerometer measures to
be included in the analytic sample. The characteristics of the
participants are described in Table 1. Participants were mostly
female (approximately 56%), and were on average, 10.2years old.

The time in minutes spent on MVPA, LPA, and SED on a
habitual day and time segments of a school day are displayed in
Table 2. Participants engage, on average, in 72.6 min of MVPA,
209.0 min of LPA, and 621.0 min of SED per day. In absolute
terms, most of the daily MVPA was accumulated in the school
time (43 min, on average), and participants spent approximately
20% of recesses and 23% of PHE in MVPA.

The association of daily PA and SED with emotional
symptoms, conduct problems, hyperactivity-inattention, peer
problems, and prosocial behaviours is shown in Table 3. A
significant inverse association was observed only between SED
with conduct problems (Coefficient: —0.27, 95% CI —0.49, —0.04).

The associations of time-segmented SED, LPA, and MVPA with
emotional symptoms, conduct problems, hyperactivity-inattention,

Females (n =90) Males (n=71)

Mean (SD) Mean (SD) Mean (SD)

Age (years) 10.2 (2.30) 10.4 (2.14) 9.89 (2.48)
SDQ variables

Emotional symptoms [0-10] 3.34 (2.43) 3.66 (2.43) 2.94 (2.39)
Conduct problems [0-10] 2.30 (1.65) 2.11 (1.46) 2.55(1.84)
Hyperactivity-inattention [0-10] 4.89 (2.16) 4.88 (2.08) 4.90 (2.28)
Peer problems [0-10] 3.72 (1.45) 3.69 (1.47) 3.76 (1.44)
Prosocial behaviour [0-10]* 8.09 (1.80) 8.31(1.72) 7.82(1.87)
Total difficulties [0-40] 14.3 (5.74) 14.3 (5.56) 14.2 (6.00)

*Higher scores of prosocial behaviours are favourable.
SD, standard deviation; SDQ, strengths and difficulties questionnaire.
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TABLE 2 Participant’s daily and time-segmented levels of SED, LPA, and MVPA (n =161).

MVPA LPA SED
Time segment
Mean (SD) Mean (SD) Mean (SD)

Overall Habitual day 72.6 (30.6) 209 (43.0) 621 (79.9)

Daily time-segments (minutes/segment)

Before school (06:00-08:44) 9.15 (8.12) 24.9 (17.1) 135 (20.4)

School time (08:45-15:04) 43.0 (17.1) 77.2 (20.0) 226 (40.9)

After School (15:05-16:59) 16.6 (10.6) 31.5(9.30) 73.2 (14.2)

Evening (17:00-21:59) 30.9 (18.6) 55.8 (18.6) 161 (32.2)

School time-segments (%/segment)

Recess time 0.197 (0.117) 0.263 (0.0630) 0.540 (0.155)

PHE time 0.231 (0.145) 0.225 (0.0749) 0.545 (0.182)
Males Habitual day 76.2 (30.1) 200 (42.9) 626 (76.0)

Daily time-segments (minutes/segment)

Before school (06:00-08:44) 11.3(9.28) 25.2(15.9) 133 (19.5)

School time (08:45-15:04) 45.6 (16.2) 76.0 (18.6) 223 (38.8)

After School (15:05-16:59) 18.0 (10.3) 31.2 (9.56) 72.8 (14.0)

Evening (17:00-21:59) 32.1(19.3) 53.1(19.1) 164 (34.2)

School time-segments (%/segment)

Recess time 0.220 (0.118) 0.263 (0.0551) 0.517 (0.146)

PHE time 0.246 (0.135) 0.219 (0.0677) 0.535 (0.165)
Females Habitual day 69.7 (30.9) 216 (42.0) 618 (83.1)

Daily time-segments (minutes/segment)

Before school (06:00-08:44) 7.45 (6.68) 24.6 (18.1) 136 (21.1)

School time (08:45-15:04) 41.1(17.7) 78.2 (21.0) 229 (42.5)

After School (15:05-16:59) 15.6 (10.8) 31.8 (9.14) 73.6 (14.4)

Evening (17:00-21:59) 30.0 (18.1) 58.0 (17.9) 159 (30.7)

School time-segments (%/segment)
Recess time

PHE time

0.179 (0.113)
0.219 (0.153)

0.262 (0.0688)
0.230 (0.0801)

0.559 (0.161)
0.552 (0.194)

MVPA, moderate-to-vigorous intensity physical activity; LPA, light-intensity physical activity; SED, sedentary behaviour; SD, standard deviation; PHE, physical and health education.

TABLE 3 Association of daily levels of SED, LPA, and MVPA with mental health indicators (n =161).

Emotional Conduct problems

Hyperactivity-

Peer problems Prosocial behaviour

symptoms [0-10] [0-10] inattention [0-10] [0-10] [0-10]%
Coeflicient Coeflicient Coeflicient Coeflicient Coeflicient
(95% CI)* (95% CI)* (95% CI)* (95% CI)* (95% CI)*
MVPA (h/day) 0.06 (—0.73, 0.84) 0.24 (=0.28, 0.76) —0.21 (—0.96, 0.54) 0.10 (=0.38, 0.58) ~0.01 (~0.57, 0.56)
LPA (h/day) 0.18 (~0.39, 0.74) 0.09 (—0.28, 0.46) ~0.36 (—0.88, 0.16) 0.12 (=0.22, 0.46) 0.01 (—0.40, 0.41)
SED (h/day) 0.06 (—0.27, 0.39) —0.27 (—0.49, —0.04) 0.05 (=0.27, 0.36) —0.03 (—0.23,0.18) 0.14 (—0.10, 0.37)

*Unstandardized coefficients and 95% CI.

"The score for prosocial behaviour is inverted, and 10 is the best prosocial behaviour score possible.
MVPA, moderate-to-vigorous intensity physical activity; LPA, light-intensity physical activity; SED, sedentary behaviour.

Values in bold indicate statistically significant associations at p <0.05.
Models were adjusted for sex and age.

peer problems, and prosocial behaviours can be observed in
Table 4. MVPA was not significantly associated with the
outcomes. LPA during the evening was inversely related to
hyperactivity-inattention (Coefficient: —1.45, 95% CI —2.81,
—0.09). SED before school was related to increased hyperactivity-
inattention (Coefhicient: 1.70, 95% CI 0.16, 3.24) and increased
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peer problems (Coeflicient: 1.01, 95% CI 0.02, 2.00), and was
related to the same indicators during school time, but in the
opposite direction (Coeflicient: —0.83, 95% CI —1.56, —0.10; and
Coeflicient: —0.57, 95% CI —1.05, —0.09, respectively). In
addition, an increased proportion of time spent on SED during
PHE classes was also associated with fewer conduct problems
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TABLE 4 Association of time-segmented SED, LPA, and MVPA with mental health indicators (n =161).

Emotional Conduct problems Hyperactivity- Peer problems Prosocial behaviour
symptoms [0-10] [0-10] inattention [0-10] [0-10] [0-10]F

Coefficient Coefficient Coefficient Coefficient Coefficient

(95% CI)* (95% CI)* (95% CI)* (95% CI)* (95% CI)*

Before school (06:00-08:44)

MVPA (h/segment)
LPA (h/segment)
SED (h/segment)

School time (08:45-15:04)

MVPA (h/segment)
LPA (h/segment)
SED (h/segment)

—0.97 (—4.57, 2.64)
—0.81 (—2.46, 0.85)
0.58 (—1.10, 2.25)

0.04 (~1.68, 1.76)
—0.10 (=1.57, 1.36)
—0.09 (—0.87, 0.70)

After School (15:05-16:59)

MVPA (h/segment)
LPA (h/segment)
SED (h/segment)
Evening (17:00-21:59)
MVPA (h/segment)
LPA (h/segment)
SED (h/segment)
Recess time
MVPA (% of time)
LPA (% of time)
SED (% of time)
PHE time

MVPA (% of time)
LPA (% of time)
SED (% of time)

—0.01 (—2.57, 2.56)
—0.32 (-3.19, 2.55)
0.34 (-1.71,2.38)

0.45 (—1.06, 1.96)
0.88 (—0.57, 2.33)
—0.42 (~1.32, 0.49)

-2.06 (—5.31,1.19)
—3.42(=9.44,2.61)
1.79 (~0.69, 4.28)

0.20 (-2.61, 3.01)
2.50 (—2.58,7.58)
—0.60 (—2.79, 1.60)

—1.07 (=3.37, 1.24)
—0.38 (~1.41, 0.65)
0.52 (—0.65, 1.69)

0.11 (1.1, 1.32)
0.11 (—0.88, 1.11)
—0.19 (=0.76,0.37)

1.43 (—0.38, 3.25)
1.08 (—0.98, 3.15)
—0.65 (—2.10, 0.80)

~0.03 (=1.09, 1.03)
0.00 (—1.04, 1.03)
~0.13 (=0.76, 0.50)

—1.59 (=3.85, 0.68)
—0.94 (—5.24, 3.36)
1.09 (—0.65, 2.83)

1.61 (—0.24, 3.45)
2.81 (—0.64, 6.26)
-1.55 (-3.02, -0.08)

~2.36 (=5.81, 1.09)
~0.89 (—2.49, 0.71)
1.70 (0.16, 3.24)

1.08 (—0.53, 2.69)
1.02 (~0.34, 2.38)
~0.83 (~1.56, -0.10)

0.09 (=2.29,2.47)
2.00 (—0.66, 4.67)
—0.79 (—2.65, 1.07)

—0.77 (=2.19, 0.64)
~1.45 (-2.81, —0.09)
0.82 (0.00, 1.64)

—1.49 (-4.69,1.72)
—1.27 (-4.69,1.72)
1.10 (~1.34, 3.55)

0.47 (=2.13, 3.05)
2.64 (—1.96,7.24)
—0.77 (=2.78,1.23)

—0.82 (=2.91, 1.28)
~0.32 (~1.24, 0.59)
1.01 (0.02, 2.00)

0.47 (—0.59, 1.53)
0.18 (—0.69, 1.06)
—0.57 (~1.05, —0.09)

0.07 (-1.51, 1.65)
0.61 (-1.17,2.39)
—0.38 (—1.62, 0.86)

—0.24 (—1.16, 0.69)
0.09 (—0.81, 0.99)
0.15 (—0.39, 0.69)

0.36 (~1.64, 2.36)
1.14 (~2.59, 4.87)
—0.41 (—1.94, 1.13)

0.25 (—1.44, 1.95)
1.90 (—1.19, 4.98)
—0.50 (—1.83, 0.82)

0.09 (-1.15,1.32)
—0.10 (—1.25, 1.05)
—0.38 (—1.58, 0.82)

—1.71 (=3.55,0.14)
0.02 (—1.04, 1.08)
0.17 (=0.39, 0.74)

0.63 (—0.45, 1.71)
—0.96 (—3.06, 1.13)
0.99 (-0.50, 2.47)

—0.63 (=0.45, 1.71)
0.50 (—0.56, 1.56)
~0.41 (~1.07,0.25)

0.06 (—2.35, 2.47)
~1.16 (—5.59, 3.26)
0.17 (—1.68, 2.02)

—2.06 (—4.18, 0.07)
—2.95 (—6.74, 0.84)
1.84 (0.19, 3.50)

*Unstandardized coefficients and 95% confidence intervals. Values where there is a significant association should be indicated by bold face.

"The score for prosocial behaviour is inverted, and 10 is the best prosocial behaviour score possible.

MVPA, moderate-to-vigorous intensity physical activity; LPA, light-intensity physical activity; SED, sedentary behaviour.

(Coefficient: —1.55, 95% CI —3.02, —0.08) and more prosocial
behaviour (Coeflicient: 1.84, 95% CI 0.19, 3.50).

Discussion

The present study aimed to analyze the associations of daily and
time-segmented PA and SED with mental health indicators in a
sample of school children and adolescents from rural Northeastern
Ontario. In contrast to previous literature (Brodersen et al., 2005; Ahn
etal, 2018; Bell et al,, 2019), we only observed significant associations
between daily SED and conduct problems. When time-segmented
behaviours were investigated, SED was associated with hyperactivity,
peer problems, prosocial behaviour, and conduct problems in specific
segments, with some of these associations differing in direction
depending on the time-segment analyzed. LPA was inversely
associated with hyperactivity on the evening segment, and MVPA was
not significantly associated with SDQ outcomes in any of the analyses.

Emotional symptoms were not related to SED, LPA, or MVPA for
daily or time-segmented indicators in the present study, which
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contrasts with findings from previous studies (Brodersen et al., 2005;
Bell et al., 2019). There are several potential explanations for this
observed result, and a more recent study that used device-measured
behaviours also found no association between PA and SED indicators
with emotional symptoms among children (Ahn et al, 2018).
Specifically for emotional symptoms, intrinsic values and experiences
may be more relevant than the duration, intensity, and timing of PA
and SED. Previous research shows that some specific types of PA may
be more beneficial for quality of life; for example, sports may offer
greater benefits than non-sports (da Costa et al., 2020a). Further,
team sports may be more beneficial than individual sports for
reducing the risk of anxiety and depression (Pluhar et al., 2019; Matias
etal, 2022). Similarly, social media seems to be more detrimental to
mental health compared to other types of screen-based SED (Boers
etal., 2019; da Costa et al., 2022a). For other screen-based behaviours,
such as watching videos or playing videogames, content related to
violence can have a negative impact compared to other contents
(Christakis and Zimmerman, 2007). Future research should consider
both timing and the wider context of these behaviours to better
understand children’s emotional wellbeing.
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Only SED was significantly related to conduct problems,
prosocial behaviour, and peer problems, while LPA during the
evening was negatively associated with hyperactivity. An
unanticipated finding was that the direction of the relationship of
SED with hyperactivity and peer problems differed between the
before-school and school time segments. While more SED before
school was related to more peer problems and hyperactivity, SED
also related to less problems when at school. The inverse
relationship between SED at school and hyperactivity seems to
be intuitive, as this relation was observed with a simultaneous
positive relationship between PA and hyperactivity among children
in a previous study (Ahn et al., 2018). Therefore, we expected to
observe significant relationships of PA and SED with hyperactivity
in different directions, but only the relationship with SED was
observed. This is counterintuitive, as it was hypothesized that
hyperactive children would be moving around more instead of
being sedentary. Concerning both peer problems and hyperactivity,
it is also unclear why the direction of their association with SED
changed from before to during school. One possibility is that when
children are more hyperactive, teachers may try to manage their
behaviour by making the students stay in during recesses, and/or
get sent to the office. In relation to peer problems, increased SED
during school periods could be reflective of less physical
interactions with peers or engagements that could escalate to
conflicts, which sometimes happen during active play (da Costa
etal, 2020b). Interactions and social dynamics during active play,
class time and management, and commuting to school with peers
may provide hints to why these relationships were segment-specific
as well, and should be explored in future studies, as they have the
potential to be changed to favour better mental health.

Children who spent more time on SED during PHE classes
had less conduct problems and more prosocial behaviour.
Considering that during physical activities such as teams sports
and active play, interactions could include rough play and
sometimes even conflicts (da Costa et al., 2020b), students who
spend more time sedentary may be less exposed to such situations,
resulting in less conduct problems and better prosocial behaviours.
Furthermore, higher SED during PHE classes could also reflect
the behaviours of students who are more compliant with teachers’
instructions and class management, compared to disruptive
students, who may engage in lower prosocial behaviour and more
conduct problems in this particular setting. However, considering
that PHE is structured and guided by teachers, other factors such
as social climate and norms may play a role in the interactions
between peers and how it reflects on their behaviours and mental
health (Morton et al., 2016). Some of these results might be also
related to how some students respond to class management at the
gym as opposed to the classroom, yet, our data does not allow for
testing such hypotheses. Studies testing active interventions
featuring martial arts have been shown to successfully reduce
conduct problems, conflicts, and aggression in PHE classes
(Carraro et al,, 2014), suggesting that teacher training and changes
in class may have the potential to improve the relations between
students while also promoting PA. Combining direct observation
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and/or qualitative methods may also provide new insights into
how to increase PA levels and promote mental health
simultaneously in PHE classes.

Overall, high levels of MVPA were observed in the present
study. Although children are normally depicted with low PA levels
in large, survey-based studies (Hallal et al., 2012; Aubert et al,,
2018; Guthold et al., 2020), research with accelerometry has also
observed MVPA levels above 60 min per day among pediatric
populations (Camiletti-Moirén et al., 2020; Avila-Garcia et al,,
2021, Llorente-Cantarero et al., 2021; Padmapriya et al., 2021),
which reflect the average recommended engagement in MVPA for
children and adolescents according to the most recent World
Health Organization guidelines and several international PA
guidelines (Chaput et al., 2020; Parrish et al., 2020). We believe
this to be a positive finding, considering the many health benefits
that result from maintaining high levels of PA (Poitras et al., 2016;
Chaput et al., 2020). However, we also recognize that high levels
of PA in research with children and adolescents are often
attributable to methodological decisions (Kim et al, 2017;
Llorente-Cantarero et al., 2021; Leppénen et al., 2022). We have
used standardized protocols and recommended acceleration
cut-off points for the age-group of our sample (Migueles et al.,
2017, 2019), and thereby, our results are comparable to several
studies that used the same methods.

Although accelerometers excel at capturing intensity, duration,
frequency, and timing of movement behaviours (Sasaki et al,
2016), which are robust predictors of several health outcomes such
as cardiometabolic risk, body composition, and physical fitness
(Poitras et al,, 2016), they do not capture other contextual
information that may be relevant for the mental health of children,
such as types of physical activities/SED, with whom they are
engaged, and aspects of the built, social, and political
environments. Previous studies have shown that the relationship
between PA and SED with mental health can change according to
the measures of PA and SED (e.g., self-report versus
accelerometers; Carson et al., 2016; Schmidt et al., 2017; da Costa
et al., 2022a; Matias et al., 2022), as well as the correlates of
accelerometer-measured PA and SED also differ according to the
method of measurement (da Costa et al., 2021a,b). Self-reported
instruments such as diaries are capable of investigating types of
behaviours and other contextual information that may be more
relevant for mental health and other subjective outcomes
compared to intensity and duration (Piggin, 2020; da Costa et al.,
2022a; Matias et al., 2022) that are stronger predictors of
cardiometabolic and fitness outcomes (Poitras et al., 2016). The
use of temporally resolved accelerometry data permits further
analysis into how behaviours which occur at different times of the
day are related to indicators of mental health. However, different
activities that share similar intensities and postures may still affect
mental health differently, such as playing videogames or using
social media (da Costa et al., 2022b), or engaging in team or
individual sports or other types of PA (Pluhar et al., 2019; da Costa
et al., 2020a), or playing cooperatively or aggressively during
recesses or during school time. Novel research methods such as
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combining wearable cameras and accelerometers may be needed
to adequately assess intensity and duration of PA and SED while
also collecting objective contextual information that can be used
to further understand how they relate to mental health (Andriyani
et al., 2022; Thomas et al., 2022).

The findings of the present study should be interpreted in light
of potential limitations. First, the cross-sectional design of the
study precludes causality of the associations observed. Although
the
variability of mental health measures throughout the time-

accelerometer-measured variables are time-stamped,
segments of day, which would allow for longitudinal analyses, are
harder to assess. A second limitation is that the sample, which was
selected by convenience, and whose size does not allow for more
complex statistical techniques such as structural equation models.
However, this sample represents an understudied population of
school children and adolescents from rural northeastern Ontario,
which differs from studies with samples from dense urban
environments. Third, given that SED is commonly defined as any
waking behaviour characterized by an energy expenditure less
than or equal to 1.5 metabolic equivalents (METs) while in a
sitting, reclining, or lying position, the accelerometry derived
estimate of SED (i.e., stationary behaviour) in this study cannot
be considered true SED, as it does not consider the posture
component. However, stationary behaviour is highly correlated
with SED, often being used as a proxy of it in studies with wrist-
worn accelerometers. Notwithstanding the above, the strengths of
the present study include the use of accelerometer-measured PA
and SED, which are recommended among school-aged
populations, and the use of a standardized comprehensive
measure of mental health across different indicators.

Conclusion

When overall behaviour levels were analyzed, only SED was
associated inversely to conduct problems, yet LPA and SED in
different time-segments of the school day were related to various
indicators of mental health. In the evening LPA was favourably
associated with hyperactivity, and SED was unfavourably
associated with some indicators and favourably with others
depending on the time of the day. MVPA was not associated with
any mental health indicator, and emotional symptoms were not
associated with any indicator of PA or SED. Taken together,
displacing SED and PA in some periods of the day may be more
beneficial for the mental health of students, yet future studies
need to clarify other contextual information that may support
creating welcoming and healthy engagement in different
behaviours.
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