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Abstract

Background: This study aimed to investigate associations of meeting 24-hour movement behavior (24-
HMB: physical activity [PA], screen time [ST] in the school-aged youth, and sleep) guidelines with
indicators of academic engagement, psychological functioning, and cognitive function in a national
representative sample of U.S. youth.

Methods: In this cross-sectional study,1794 participants aged 6 to 17 years old were included for
multivariable logistic regression to determine the above-mentioned associations, while adjusting for
sociodemographic and health covariates.

Results: The proportion of participants who met 24-HMB guideline(s) varied greatly (PA+ ST+ sleep
= 34 [weighted 1.17%], PA+ST = 23 [weighted 1.72%], PA +sleep = 52 [weighted 2.15%], PA = 34
[weighted 2.88%], ST = 142 [weighted 7.5%], ST+ sleep = 209 [weighted 11.86%], sleep = 725
[weighted 35.5%], none = 575 [weighted 37.22%]). Participants who met ST guideline alone and
integrated (ST + Sleep and ST + sleep + PA) guidelines demonstrated the consistently beneficial
associations with learning interest/curiosity, caring for school performance, completing required
homework, resilience, cognitive difficulties, self-regulation (ps < 0.05).

Conclusion: Meeting 24-HMB guidelines in an isolated or integrative manner was associated with
improved academic engagement, psychological functioning, and reduced cognitive difficulties. These
findings highlight the importance of the promotion of 24-HMB guidelines in youth with internalizing
problems. Future longitudinal studies are needed to investigate whether changes or modifications of
meeting specific 24-HMB guidelines (especially ST) is beneficial for youth with internalizing
problems.

Keywords: Physical activity, sleep, screen time, anxiety, depression
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Introduction

Internalizing problems (i.e., anxiety and depression) are associated with serious public health issues
(Murray et al., 2012) because of their early onset (Gutman & Codiroli McMaster, 2020; Kessler et al.,
2007; Pine et al., 1998) and their high lifetime prevalence rate (Pine et al., 1998; Woodward &
Fergusson, 2001). Moreover, internalizing problems, anxiety and depression specifically, are the most
commonly diagnosed mental illnesses among youth including children and adolescents worldwide
(Merikangas et al., 2010; Racine et al., 2021), and have detrimental effects on both physical and mental
health (Gore et al., 2011; Renaud et al., 2008; VVan Ameringen et al., 2003; Weinberg et al., 1973).
Anxiety is typically characterized by excessive fear and worry, which can lead to a wide range of
physiological and behavioral disturbances, such as increased heart rate, muscle tension, and difficulty
to concentrate (DSM-5, APA, 2013). Depression is often characterized by persistent feelings of sadness
and hopelessness and a loss of interest in previously pleasurable activities, which can lead to
impairments in both physical and behavioral functioning (DSM-5, APA, 2013). Depression and anxiety
often co-occur, either concurrently or sequentially, contributing to a high level of comorbidity (Garber
& Weersing, 2010; Moffitt et al., 2007; Pine et al., 1998). The considerable overlap between these two
internalizing problems may arise by a shared domain of negative affectivity (Angst et al., 1990;
Axelson & Birmaher, 2001). Of note, children and adolescents with depression and anxiety tend to
experience more difficulties with mental, social, and educational outcomes compared to typically
developing peers (Saris et al., 2017; Sellers et al., 2019). For example, there is evidence that youth
with internalizing problems exhibit lower levels of school-related performance (Awadalla et al., 2020;
Bitsko et al., 2018; Castaneda et al., 2008), show decreased resilience in the face of adversity and stress
(Min et al., 2013), and demonstrate poorer cognitive performance (Castaneda et al., 2008), which in
turn can contribute to a lower quality of life and diminished sense of overall well-being (Rapaport et

al., 2005).

To treat health problems associated with internalizing conditions, pharmacotherapy and psychological
interventions are commonly used (Aldridge et al., 2022; Cuijpers et al., 2013) . However, the use of

pharmacotherapy in youth is a matter of ongoing debate because of potential negative side effects,
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while psychotherapy and other non-pharmacological interventions are currently underutilized due to
their higher cost and limited personnel resources of the health care system (Cipriani et al., 2016;
Cuijpers et al., 2016; Locher et al., 2017; Sharma et al., 2016). Therefore, researchers have recently
started to pay more attention to the influence of modifiable lifestyle factors as potential targets for
treatment of internalizing problems in youth — namely an increase of regular physical activity (PA)
(Cecchini et al., 2023; Chen et al., 2021; Zhang et al., 2022), a reduction of screen time (ST) (Ref),
and adherence of adequate sleep patterns(de Lannoy et al., 2023; Gilchrist et al., 2021). In general,
these lifestyle factors are known to positively influence a wide range of physical and mental health
outcomes in youth with internalizing problems. For example, regular engagement in PA was positively
associated with health and well-being of children with internalizing problems (Rocha et al., 2015). In
this regard, there is also growing evidence that relatively high levels of PA can improve cognitive
performance (Ben et al., 2023; Dale et al., 2019; Luo et al., 2023; Marquez et al., 2020; Murphy et al.,
2020; Singh et al., 2023; Zhu et al., 2019), and psychological functioning (Carek et al., 2011; Erickson
et al., 2019) in youth. In contrast, it has been observed that unhealthy lifestyle behaviors such as
excessive ST are associated with higher levels of depression and anxiety in adolescents (Khouja et al.,
2019; Oberle et al., 2020), while too short or too long sleep is associated with a higher severity of
internalizing disorders, which in turn negatively influences the well-being of youth with internalizing

problems (Bourke & Phillips, 2023; Difrancesco et al., 2019; Siwa et al., 2023; Liye Zou et al., 2023).

Traditionally, studies investigating the associations of PA, ST, and sleep with the overall development
and well-being of youth have considered these lifestyle factors in isolation rather than in an integrated
manner. In recent years, a more holistic view has emerged that emphasizes the need to consider these
three mutually exclusive and time-limited movement behaviors simultaneously. In this context, 24-
Hour Movement Behavior (24-HMB) guidelines were developed to recognize the interdependence of
PA, sedentary behaviors (referring to ST in school-aged youth), and sleep. For a healthy development
of youth, 24-HMB guidelines recommend at least 60 minutes of moderate-to-vigorous PA (MVPA) per
day, < 2 hours of recreational ST per day, and 9-11 hours of sleep per night (Gunnell et al., 2016;
Oberle et al., 2020). Indeed, several studies have provided evidence that neurotypical youth (da Costa

et al., 2022; Garcia-Hermoso et al., 2023; Lee et al., 2023; Watson et al., 2022) as well as youth with

neurodevelopmental conditions such as autism disorder (Kong et al., 2023), attention
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deficit/hyperactive disorder (Taylor et al., 2023) who met 24-HMB guidelines exhibited more positive
health outcomes related to overall development and well-being than those who did not adhere to these
guidelines.

However, the relationship between meeting 24-HMB guidelines and the well-being of youth with
internalizing problems (i.e., depression and anxiety) has to the best of our knowledge not been studied.
In particular, the association between 24-HMB guidelines and academic engagement, psychological
functioning, and cognitive difficulties (i.e., concentration, memory and decisions making) in youth
with comorbid mental health problems remains relatively elusive. Given that meeting one or more
components of 24-HMB guidelines may have synergistic effects, it is important to investigate the
associations between 24-HMB guidelines and the above-mentioned indicators in this specific
population. In addition, certain factors, such as sociodemographic variables (e.g., sex/gender, ethnicity,
family income, education of primary caregivers) (Fancourt et al., 2021; Goodwin et al., 2020),
overweight status (Cornette, 2011), adverse childhood experiences (Hughes et al., 2021), maternal and
paternal mental health status (Westrupp et al., 2023), and mental health care utilization, may influence
the overall development and well-being of youth with internalizing problems. Therefore, these factors

were assessed and controlled for in the present study.

In summary, the current study investigated the associations between meeting 24-HMB guidelines and
selected health indicators in youth with internalizing problems. Specifically, the primary hypotheses
of the current study were as follows: (1) meeting one or more 24-HMB guideline(s) is positively
associated with academic engagement in youth with internalizing problems, (2) meeting one or more
guidelines of 24-HMB guideline(s) is positively associated with psychological functioning in youth
with internalizing problems, and (3) meeting one or more guideline(s) of 24-HMB guideline(s) is

negatively associated with cognitive difficulties in youth with internalizing problems.

Method

Sample and data source

Data in this cross-sectional study were obtained from the 2021-2021 U.S. National Survey of
Children’s Health (NSCH). Of note, data were collected at two different periods (June 2020-January

2021 and July 2021-January 2022). Detailed information on the data collection can be found elsewhere
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(https://www.childhealthdata.org). The study protocol and procedures for this survey followed the

same procedures as described in previous studies (Kong et al., 2023; Taylor et al., 2023) with the
exception of the selection criteria for the specific population of youth examined in this study. Briefly,
a parent or legal guardian of the selected youth completed the survey. A total of 93,669 households
completed the survey in 2 years, with 42,777 completed in 2020 and 50,892 completed in 2021. The
present study targets youth (6-17 years) with internalizing problems. The presence of internalizing
problems was assessed via two separate questions (as reported by primary caregivers of the children
or adolescent), which read as follows: (a) your child has anxiety problems, (b) your child has

depression? When these questions both were answered yes, participant was included our study.

Demographic and medical information

Data on age, sex, ethnicity, household poverty level, the highest level of education of primary
caregivers, overweight status, adverse childhood experiences, maternal mental health status, paternal
mental health status, and mental health care received were used as covariates in this study. Children
and adolescents were classified as overweight if the caregivers reported a diagnosis from a physician
or health care provider. Adverse childhood experiences refer to 10 negative experiences that children
may have experienced in their early years, such as difficulty meeting basic needs due to family income,

divorce or separation of parents or guardians, death of parents or guardians, and so on.

Independent variables

In this study, the number of meeting 24-HMB guidelines (i.e., 0 to 3 guidelines) was used as a
continuous variable, and combinations of whether or not meeting 24-HMB guidelines (i.e., PA, ST, or
sleep, PA + ST, PA + sleep, or ST + sleep, PA + ST + sleep) were used as categorical variables. Three
single-item questions were used to measure the three components of 24-HMB (i.e., PA, ST, and sleep
duration). Participants were coded as 1 if they met the guidelines, and 0 if they did not. PA level was
measured by the question, “During the past week, on how many days did this child exercise, play a
sport, or participate in PA for at least 60 minutes?” This response was scored on a 4-point rating scale
(1 =0days, 2 = 1-3days, 3 = 4-6 days, and 4 = 7 days/every week). The youth of caregivers who chose
option 4 (7 days/every week) met PA guideline alone, and the rest were classified as not meeting this

guideline. ST was assessed with the question, “On most weekdays, about how much time did this child


https://www.childhealthdata.org)./

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

spend in front of a TV, computer, cell phone, or other electronic device watching programs, playing
games, accessing the internet, or using social media? (Do not include time spent doing schoolwork.)”
The responses were scored on a 5-point rating scale (1 = less than 1h, 2 = 1h, 3 =2h, 4 =3h,and 5 =
4h or more). Responses from 1 to 3 (no more than 2h) were coded as 1 and the remaining responses
were coded as 0. Sleep duration was quantified with the question, “During the past week, how many
hours of sleep did this child get on most weeknights?” Responses were scored on a 7-point scale (1 =
less than 6h, 2 = 6h, 3 =7h, 4 =8h, 5 =9h, 6 = 10h, and 7 = 11h or more). For children aged 5 to 13
years, responses of 5 to 7 (9h hours or more) were considered to meet sleep guideline alone, and for
participants aged 14 to 17 years, responses of 4 to 6 (8 to 10h) were also considered to meet the sleep

guideline.

Dependent variables

Academic engagement was operationalized using three indicators: (i) learning interest/curiosity, (ii)
caring about school performance, and (iii) completing required homework. These indicators are closely
related to academic engagement (Chaput et al., 2014; Ghasemi et al., 2018; Tremblay et al., 2016). The
following three single-item questions were used to measure these three indicators: How often does this
child (a) show interest and curiosity in learning new things, (b) care about doing well in school, and
(c) complete all required homework? There were four response options for each single-item question,
with possible responses ranging from 1 (always) to 4 (never). Frequency response scores were reversed,

with higher scores indicating greater levels of school engagement.

Psychological functioning refers to the overall mental and emotional well-being and performance of
an individual. It encompasses various aspects, including emotional regulation, social interactions, and
adaptive behaviors (Burke et al., 2015). In this study, two indicators (resilience and self-regulation
indicator) were selected for operationalization. The following two single-item questions were used to
measure each indicator: How often does this child (a) work to finish tasks he/she starts, and (b) stay
calm and in control when faced with a challenge? Each single-item question is scored on 4 different
response levels, with 1 (always) to 4 (never). Frequency response scores were reversed, with higher

scores indicating better emotional functioning.
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Cognitive difficulties were collected from parents using the following single-item question (Taylor et
al., 2023), using this term to explore cognitive function: Does this child have serious difficulty
concentrating, remembering, or making decisions because of a physical, mental, or emotional

condition? A binary response is provided and coded as 0 = no or 1 = yes.

Statistical analysis

Statistical analyses in this study were performed using Stata (StataCorp., College Station, TX, USA).
Anew variable, STRATACROSS, was created by combining the state of residence variance (FIPSST),
the identification for households marked with children (STRATUM), and the individual household
identifier to enable the application of sampling weights. Subpopulations were identified using the
survey data option in Stata for youth diagnosed with internalizing problems. Descriptive statistics were
computed for all variables. Continuous variables were described by means and standard deviations.
Categorical variables were described using unweighted sample counts and weighted (wt) percentages.
Multivariable logistic regressions were used to estimate the odds ratios (OR), with 95% confidence
intervals (95% CI), between meeting24-HMB guidelines (in both categorical and continuous analyses)
and school engagement (e.g., learning interest/curiosity, caring about school performance, completing
required homework), psychological functioning (resilience and self-regulation), and cognitive
difficulties. The number of meeting 24-HMB guidelines (continuous variables) and the combinations
of meeting specific 24-HMB guidelines (categorical variables) were treated separately as independent
variables in the models. Age, sex, ethnicity, household poverty level, the highest level of education of
primary caregivers, overweight status, adverse childhood experiences, mental health status of mother,
mental health status of father, and received mental health care status were used as covariates. For all
statistical tests, the significance level was set at o < 0.05.

Results

Sample characteristics

Caregiver’s responses included a to a total of 1794 children and adolescents (weighted sample size =
1,027,814) with internalizing problems (anxiety and depression) aged 6 to 17 years, from the 93,669
US households, with complete data on all assessed variables. Mean age of the cohort was 14.19 + 2.90
years, 59.36% of the youth were male, and 61.91% were White. In addition, 20.75% of the included

youth were classified as overweight. A relatively small proportion of youth (8.62%) lived in
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households between 0% and 99% of the federal poverty level (The people on 0% - 99% of the federal
poverty level have an income below the poverty threshold and qualify for welfare programs), and only
a small proportion of the primary caregivers of the youth (2.34%) reported that they had not completed
high school. The majority of youth (69.95%) have experienced at least one adverse childhood
experience. Most of the caregivers reported no diagnosis of maternal (81.82%) or paternal (85.44%)
mental health problems. Only 21.21% of the youth with internalizing problems received mental health

care (Table 1).

Meeting 24-HMB guidelines

In the total sample of the current study, 37.22% (n = 575) did not meet any of 24-HMB guidelines.
Almost half of the youth (n = 901, (wt) % = 45.88) met only one 24-HMB guidelines. The most
frequently met single guideline was the sleep guideline (n = 725, wt% = 35.50), while the least
frequently met guidelines was PA guideline (n = 34, wt% = 2.88). Moreover, 15.74% (n = 284) of the
youth met two of the three 24-HMB guidelines, with the majority meeting sleep + ST guideline (n =
209, wt% = 11.86). A small proportion of the sample (1.17%, n = 34) met all three 24-HMB guidelines.
Results on meeting 24-HMB guidelines are displayed in Figure 1 and Table 1.

Association between meeting 24-HMB guidelines and academic engagement

Table 2 shows the associations between meeting 24-HMB guidelines and learning interest/curiosity.
As a continuous variable, the number of meeting 24-HMB guidelines (OR = 1.43, 95% CI: 1.11-1.85,
p < 0.01) was positively associated with learning interest/curiosity. The odds of showing learning
interest/curiosity for those who met PA + sleep guidelines (OR = 3.07, 95% CI: 1.25-7.61, p < 0.05),
or for those who met all three 24-HMB guidelines (OR = 7.56, 95% CI: 2.68-21.30, p < 0.01) were
significantly higher than those for peers who did not meet any of 24-HMB guidelines.

Table 3 shows the associations between meeting 24-HMB guidelines and caring about school
performance. As a continuous variable, the number of meeting 24-HMB guidelines (OR = 1.39, 95%
Cl: 1.10-1.76, p < 0.01) were positively linked to caring for school performance. Compared with

meeting none of 24-HMB guidelines, meeting PA guideline alone (OR = 5.38, 95% CI:1.78-16.26, p
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< 0.01) or ST + sleep guidelines (OR = 2.07, 95% CI: 1.07-3.99, p < 0.05), or all three 24-HMB
guidelines (OR = 5.11, 95% CI:1.66-15.74, p < 0.01) was associated with a higher likelihood of

worrying about school performance.

Table 4 shows the associations between meeting 24-HMB guidelines and completing required
homework. As a continuous variable, the number of meeting 24-HMB (OR =1.38, 95% CI: 1.11-1.70,
p < 0.01) was positively linked to completing required homework. Compared with meeting none of
24-HMB guidelines, meeting ST guideline alone (OR =1.78, 95% CI: 1.06-3.03, p < 0.05), or ST +
sleep guidelines (OR = 2.44, 95% ClI: 1.48-4.01, p < 0.01) was associated with a higher likelihood of

completing required homework.

Association between meeting 24-HMB guidelines and psychological functioning

Table 5 shows the associations between meeting 24-HMB guidelines and resilience. As continuous
variable, the number of meeting 24-HMB guidelines (OR = 1.31, 95% CI: 1.05-1.63, p < 0.01) was
positively linked to resilience. Compared with meeting none of 24-HMB guidelines, meeting ST
guideline alone (OR =2.12, 95% CI: 1.18-3.83, p < 0.05) or PAalone (OR =6.43, 95% ClI: 2.90-14.24,
p < 0.01), ST + sleep guidelines (OR = 1.87, 95% CI: 1.06-3.31, p < 0.05), or all three 24-HMB
guidelines increased the odds of resilience (OR = 2.62, 95% CI: 1.15-5.98, p < 0.05).

Table 6 shows the associations between meeting 24-HMB guidelines and self-regulation. As
continuous variable, the number of meeting 24-HMB guidelines (OR = 1.41, 95% CI:1.09-1.84, p <
0.01) was positively linked to self-regulation. Compared with meeting none of 24-HMB guidelines,
meeting ST + sleep guidelines (OR = 2.69, 95% CI: 1.46-4.96, p < 0.01), or all three 24-HMB
guidelines (OR = 3.65, 95% CI: 1.51 -8.87, p < 0.01) increased the odds of having higher self-

regulation.

Association between meeting 24-HMB guidelines and cognitive difficulties
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Table 7 shows the associations between meeting 24-HMB guidelines and cognitive difficulties. As
continuous variable, there was no significant association between the number of meeting 24-HMB
guidelines and this outcome. Compared with meeting none of 24-HMB guidelines, meeting ST + sleep
guidelines was associated with lower odds of cognitive difficulties (OR = 0.55, 95% CI: 0.32-0.96, p

< 0.05).

Discussion

This cross-sectional study investigated the associations between meeting 24-HMB guidelines and
academic engagement, psychological functioning, and cognitive difficulties in a nationally
representative sample of U.S. youth aged 6 to 17 years with internalizing problems
(anxiety/depression). Significant associations were observed between meeting specific guidelines of
24-HMB guidelines and our outcomes of interest (see Figure 2 for an overview). Considering the
evidence that meeting 24-HMB guidelines is associated with health benefits, our findings emphasize
the need to support children and adolescents with internalizing problems and their caregivers to foster

their ability to adopt a healthy lifestyle (i.e., to meet the 24-HMB guidelines on PA, ST, and sleep).

Meeting 24-HMB guidelines

In this study, nearly half of the youth with internalizing problems met at least one of 24-HMB
guidelines (45.88%), whereas only a small proportion of them met two (15.74%), or all three 24-HMB
guidelines (1.17%). Such findings are consistent with previous studies on children and adolescents
with neurodevelopmental conditions such as autism spectrum disorder (Kong et al., 2023), attention
deficit/hyperactive disorder (Taylor et al., 2023), and epilepsy (Brown & Ronen, 2021). Overall, the
majority of youth with internalizing problems did not meet the evidence-based lifestyle guidelines
outlined in the 24-HMB guidelines. Given the evidence supporting that meeting 24-HMB guidelines
is associated with health benefits (Rollo et al., 2020), the findings of the current study clearly

emphasize the need to support and promote healthy lifestyles in youth with internalizing problems.



341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

Association between meeting 24-HMB guidelines and academic engagement

Learning interest/curiosity plays a critical role in school engagement, which is a strong predictor of
academic performance (Jimerson et al., 2003). The number of meeting 24-HMB guidelines was linked
to better academic engagement. This finding is supported by previous studies on exercise-cognition
showing that PA (including planned and structured forms of PA such as physical exercise) and physical
fitness are known to be important factors that can foster a better brain development (Belcher et al.,
2021; Erickson et al., 2019; Hillman et al., 2020; L. Zou et al., 2023). In addition, there is growing
evidence that limiting leisure ST can promote children's academic performance, as children have more
time to focus on learning tasks, improve school engagement, which, in turn, might contribute to a
better academic performance (Adelantado-Renau et al., 2019). In addition, an adequate sleep duration
is a critical factor required for brain development. In particular, a meta-analysis indicates a significant
negative effect of sleep deprivation on cognitive processing across cognitive domains including
executive function, sustained attention, and long-term memory (Lowe et al., 2017), which may lead to

a lower level of academic engagement in children and adolescents with internalizing problems.

As a categorical variable, meeting PA + sleep guidelines, or all three 24-HMB guidelines was related
to a higher level of learning interest. This finding is in line with the observation of a previous study
focusing on youth with autism spectrum disorder (Kong et al., 2023) showing that meeting 24-HMB
guidelines was beneficially linked to learning interest/curiosity and less repeating grade. Furthermore,
Ghasemi et al. (2018) found that good sleep and adequate PA were beneficial for children development,
including children's curiosity about new things. In the current study, youth who adhered to PA guideline
alone, ST + sleep guidelines, or PA + sleep + ST guidelines were more likely to care about school
performance, reflecting better academic engagement. Consistent with the findings of a systematic
review (Kandasamy et al., 2018), these results provide evidence for the idea that promoting PA may
be an important approach to improving school engagement. In this regard, another study found that
meeting ST + sleep guidelines was associated with better writing performance, an activity that requires
active engagement in academic work (Owen et al., 2016). In this study, youth who met the guidelines
for ST only and ST + sleep were more likely to complete required homework. These findings are at
least partially mirror those of a study by Faught et al. (2017), who found that children aged 5-12 years

who met ST guideline alone had higher average academic indices, including higher math and English
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scores. There is also evidence from other studies that meeting ST + sleep guidelines is associated with
higher academic achievement in youth (Howie et al., 2020; Marciano & Camerini, 2021). Thus, our
findings, in conjunction with the available evidence in the literature, suggest that ST within reasonable
limits allows for better academic engagement (e.g., by enable children and adolescents with

internalizing problems to spend sufficient amount of time to complete assigned homework tasks).

Association between meeting 24-HMB guidelines and psychological functioning

As a continuous variable, a higher number of meeting 24-HMB guidelines is associated with better
psychological functioning (resilience and self-regulation). This observation is consistent with evidence
that PA interventions can increase resilience, and improve self-perceptions in children and youth (Dale
et al., 2019), which, in turn, can promote better mental health in children and adolescents (Andermo et
al., 2020). In addition, given that the different movement behaviors are mutually exclusive, reducing
recreational ST can help children to engage in PA and increase interactions with family and friends,
which can improve social skills and psychological functioning (Braig et al., 2018). In addition to PA
and ST, sleep also plays a critical role in emotional regulation, as adequate sleep can reduce the risk of
depression and improve youth’s ability to cope with stress, which is critical for strengthening

psychological functioning in this age group (Alfano et al., 2009).

As a categorical variable, different combinations including meeting only PA, ST, ST + sleep, and all
three components of the 24-HMB guidelines are associated with better resilience. This observation
further supports the notion that meeting the 24-HMB guidelines may be beneficial in promoting
resilience in children and adolescents with internalizing problems. Moreover, this finding is consistent
with the observations from other studies. For example, Lissak (2018) found that PA and self-perceived
resilience were significantly and positively associated among individuals with high trait anxiety.
Faught et al. (2017) found that excessive digital media use by children and adolescents appears to be
a major factor that hinder the development of healthy psychophysiological resilience. Furthermore,
Hegberg and Tone (2015) found that increased screen use may exacerbate emotional/behavioral
difficulties by interfering with sleep quantity and quality. Based on the above-mentioned findings, it
seems reasonable to speculate that reallocating leisure ST to other activities (e.g., PA) and limiting ST

may be an important step in promoting mental health in children and adolescents with internalizing
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problems, although future longitudinal research is needed to empirically support this assumption.

In addition, this study showed meeting ST guideline alone, ST + sleep guidelines, or all three 24-HMB
guidelines can predict increased self-regulation in children and adolescents with internalizing problems.
Self-regulation is an essential psychological process that primarily involves the ability to regulate
internal states or responses related to thoughts, attention, emotions, and even performance components
(Lin et al., 2019). Self-regulation is important for the overall development and well-being of children
and adolescents with internalizing problems (Robson et al., 2020). Moreover, Vohs and Baumeister
(2016) observed that excessive screen exposure is associated with delayed sleep onset and poor self-
regulation skills in preschool children. Inadequate sleep and excessive media screen exposure are both
associated with poorer mental health and more conduct problems in adolescents (OZDEMIR &
KELES, 2023). Based on the findings of this study, we advocate for a multi-pronged approach to
enhance self-regulation in children and adolescents with internalizing problems. This would likely
involve a combination of PA promotion (to reduce sedentary time), working with parents on strategies
to curb ST, especially before bedtime (e.g., to prevent sleep disruption and foster good sleep habits),
providing self-regulation training through mindfulness and cognitive-behavioral strategies, and
integrating health education about these interconnected factors into school curriculums. Together, from
a theoretical point of view, these lifestyle intervention strategies constitute a promising option to
improve self-regulation and overall mental well-being in this population, and thus we recommend to

empirically evaluate their effectiveness in future studies.

Association between 24-HMB guidelines adherence and cognitive difficulties

Our finding that there is no evidence of a significant association between the number of met 24-HMB
guidelines and parent-reported cognitive difficulties is somewhat surprising. This finding may be
related to the facts that (i) only a relatively small sample size was used in this study and (ii) the
measurement of cognitive difficulties is based solely on parent reports without the use of standardized
cognitive assessments (e.g., a neuropsychological test battery) which may limited this study’s ability
to detect statistically significant associations. However, using the number of met 24-HMB guidelines
as a categorical variable, ST + sleep guidelines is associated with better cognitive performance, which

mirrors the findings of a previous study of our group showing a comparable association in children
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and adolescents with attention deficit/hyperactive disorder (Taylor et al., 2023). In addition,
observation is also consisted with the results of a cross-sectional analysis of U.S. children aged
between 8 to 11 years that reported that participants who met ST + sleep guidelines, performed better

on psychometric tasks assessing global cognition (Walsh et al., 2018).

Strengths and Limitations

Our current study has the following strengths: First, our sample consist of information on 1794 children
and adolescents obtained from a nationally representative dataset on U.S. youth that was derived from
the 93669 households who provided full responses to the nationwide collection of the NSCH 2020
survey. Second, our study provides a holistic understanding of how daily movement behaviors
practically influence relevant outcomes of academic engagement, psychological functioning, cognitive
difficulty of children and adolescents with internalizing problems. However, some limitations should
be considered when interpreting the findings of the current study. First, the cross-sectional design limits
the ability to establish causal relationships between meeting specific 24-HMB guidelines and measures
of mental and academic performance in children and adolescents with internalizing problems. Thus,
future investigations are warranted to establish directionality and causality (e.g., randomized
controlled trials investigating the influence of modifying PA, ST, or sleep patterns in children and
adolescents with internalizing problems). Second, proxy-reported data provided by a parent/caregiver
may be subject to various types of bias (Marciano & Camerini, 2021). For example, social desirability
bias could influence parents’ reports of their children’s internalizing problems and lifestyle-related
behaviors (Walsh et al., 2018). This bias could lead to underreporting of behaviors or diagnoses that
are perceived as unfavorable. Therefore, future research in this direction should aim to use more
comprehensive and objective measures. Third, the use of a caregiver-based questionnaire to assess
whether children or adolescents met the 24-HMB guidelines lacks more detailed information on the
single components of PA, ST, and sleep (e.g., frequency and types of PA, content of screen viewing,
and sleep quality). Therefore, future studies would benefit from combining self-report instruments with
more objective device-based tools such as accelerometers (Sigmundova et al., 2016), to minimize
potential bias and improve accuracy of collecting data on movement behaviors in ecological valid
settings (e.g., viaambulatory assessments)(Biddle et al., 2018; Biddle et al., 2019; Dumuid et al., 2020;
Janssen et al., 2020; Murray et al., 2023).
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Conclusions

The current study provides evidence that in children and adolescents with internalizing problems, (i) a
low number of them meets the 24-HMB guidelines, (ii) those who meet more guidelines of the 24-
HMB recommendations have better academic performance and psychological functioning, and (iii) ST
is an important factor influencing measures of mental health and academic performance. Accordingly,
these findings suggest that promoting the 24-HMB guidelines in children and adolescents with
internalizing problems and their caregivers may be an effective approach to improving health and well-
being of children and adolescents with internalizing problems. In this regard, future longitudinal
studies are needed to examine how the changes or the modification of meeting specific 24-HMB
guidelines (especially ST) may influence the mental health and academic performance of children and
adolescents with internalizing problems. In addition, the findings of the current study are valuable to
inform physical and mental health promotion programs for children and adolescents with internalizing
problems because our findings providing initial evidence that meeting of 24-HMB guidelines is

associated with specific health benefits in this special population.

Acknowledgments

This study is supported by Shenzhen Educational Research Funding (zdzb2014), Shenzhen Science
and Technology Innovation Commission (202307313000096), Social Science Foundation from the
China’ s Ministry of Education (23YJA880093), The Post-Doctoral Fellowship (2022M711174), The
National Center for Mental Health (Z014). We thank all the co-authors and other team members who
contributed to this research.

Authors’ contributions
Yanping Gao analyzed the data and wrote the manuscript drafts; All the co-authors read and critically
revised manuscript drafts. All authors have read and approved the final version of the manuscript, and

agree with the order of presentation of the authors.

Competing interests



490

491

492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531

The authors declare that they have no competing interests.

Reference

Adelantado-Renau, M., Moliner-Urdiales, D., Cavero-Redondo, I., Beltran-Valls, M. R., Martinez-Vizcaino, V., & Alvarez-
Bueno, C. (2019). Association Between Screen Media Use and Academic Performance Among Children and
Adolescents: A Systematic Review and Meta-analysis. JAMA Pediatrics, 173(11), 1058-1067.
https://doi.org/10.1001/jamapediatrics.2019.3176

Aldridge, L. R., Luitel, N. P,, Jordans, M. J. D., Bass, J. K., & Patenaude, B. (2022). Cost-effectiveness of psychological

intervention within services for depression delivered by primary care workers in Nepal: economic evaluation of
a randomized control trial. Global Mental Health, 9, 499-507. https://doi.org/10.1017/gmh.2022.54
Alfano, C. A,, Zakem, A. H., Costa, N. M., Taylor, L. K., & Weemes, C. F. (2009). Sleep problems and their relation to cognitive

factors, anxiety, and depressive symptoms in children and adolescents. Depression and Anxiety, 26(6), 503-512.
https://doi.org/https://doi.org/10.1002/da.20443

American Psychiatric Association, D., & Association, A. P. (2013). Diagnostic and statistical manual of mental disorders:

DSM-5 (Vol. 5). American psychiatric association Washington, DC.

Andermo, S., Hallgren, M., Nguyen, T-T.-D., Jonsson, S., Petersen, S., Friberg, M., Romquvist, A., Stubbs, B., & Elinder, L. S.
(2020, 2020/06/16). School-related physical activity interventions and mental health among children: a
systematic review and meta-analysis. Sports Medicine - Open, 6(1), 25. https://doi.org/10.1186/s40798-020-
00254-x

Angst, J., Vollrath, M., Merikangas, K. R., & Ernst, C. (1990). Comorbidity of anxiety and depression in the Zurich cohort

study of young adults.

Awadalla, S., Davies, E. B., & Glazebrook, C. (2020, 2020/09/11). A longitudinal cohort study to explore the relationship
between depression, anxiety and academic performance among Emirati university students. BMC Psychiatry,
20(1), 448. https://doi.org/10.1186/512888-020-02854-z

Axelson, D. A., & Birmaher, B. (2001, 2001/01/01). Relation between anxiety and depressive disorders in childhood and
adolescence [https://doi.org/10.1002/da.1048]. Depression and Anxiety, 14(2), 67-78.
https://doi.org/https://doi.org/10.1002/da.1048

Belcher, B. R., Zink, J., Azad, A., Campbell, C. E., Chakravartti, S. P., & Herting, M. M. (2021, 2021/02/01/). The Roles of
Physical Activity, Exercise, and Fitness in Promoting Resilience During Adolescence: Effects on Mental Well-Being
and Brain Development. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 6(2), 225-237.
https://doi.org/https://doi.org/10.1016/j.bpsc.2020.08.005

Ben, S., Timothy, O., Rachel, C., Dorothea, D., Rosa, V., Amanda, W., Kimberley, S., Edward, O., Connor, Ty, F., Emily, E.,

Aaron, M., Catherine, E. M. S., & Carol, M. (2023). Effectiveness of physical activity interventions for improving
depression, anxiety and distress: an overview of systematic reviews. British Journal of Sports Medicine, bjsports-
2022-106195. https://doi.org/10.1136/bjsports-2022-106195

Biddle, G. J. H., Edwardson, C. L., Henson, J., Davies, M. J., Khunti, K., Rowlands, A. V., & Yates, T. (2018). Associations of

Physical Behaviours and Behavioural Reallocations with Markers of Metabolic Health: A Compositional Data
Analysis. International Journal of Environmental Research and Public Health, 15(10), 2280.
https://www.mdpi.com/1660-4601/15/10/2280

Biddle, G. J. H., Edwardson, C. L., Henson, J., Rowlands, A. V., & Yates, T. (2019). Reply to Mekary, R.A.; Ding, E.L.

Isotemporal Substitution as the Gold Standard Model for Physical Activity Epidemiology: Why It Is the Most


https://doi.org/10.1001/jamapediatrics.2019.3176
https://doi.org/10.1017/gmh.2022.54
https://doi.org/https:/doi.org/10.1002/da.20443
https://doi.org/10.1186/s40798-020-00254-x
https://doi.org/10.1186/s40798-020-00254-x
https://doi.org/10.1186/s12888-020-02854-z
https://doi.org/10.1002/da.1048
https://doi.org/https:/doi.org/10.1002/da.1048
https://doi.org/https:/doi.org/10.1016/j.bpsc.2020.08.005
https://doi.org/10.1136/bjsports-2022-106195
https://www.mdpi.com/1660-4601/15/10/2280

532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575

Appropriate for Activity Time Research. Int. J. Environ. Res. Public Health 2019, 16, 797. International Journal of
Environmental Research and Public Health, 16(16), 2885. https://www.mdpi.com/1660-4601/16/16/2885
Bitsko, R. H., Holbrook, J. R., Ghandour, R. M., Blumberg, S. J., Visser, S. N., Perou, R., & Walkup, J. T. (2018, Jun).
Epidemiology and Impact of Health Care Provider-Diagnosed Anxiety and Depression Among US Children. J Dev
Behav Pediatr, 39(5), 395-403. https://doi.org/10.1097/dbp.0000000000000571
Bourke, M., & Phillips, S. M. (2023, 2023/10/01/). Associations between type and timing of sedentary behaviour and

affect in adolescents: An ecological momentary assessment study. Mental Health and Physical Activity, 25,
100550. https://doi.org/https://doi.org/10.1016/j.mhpa.2023.100550

Braig, S., Genuneit, J., Walter, V., Brandt, S., Wabitsch, M., Goldbeck, L., Brenner, H., & Rothenbacher, D. (2018). Screen
Time, Physical Activity and Self-Esteem in Children: The Ulm Birth Cohort Study. International Journal of
Environmental Research and Public Health, 15(6), 1275. https://www.mdpi.com/1660-4601/15/6/1275

Brown, D. M. Y., & Ronen, G. M. (2021, 2021/12/01/). Associations between 24-hour movement guideline adherence and

mental health disorders among young people with active and inactive epilepsy. Epilepsy & Behavior, 125, 108386.
https://doi.org/https://doi.org/10.1016/j.yebeh.2021.108386
Burke, A. L. J., Mathias, J. L., & Denson, L. A. (2015). Psychological functioning of people living with chronic pain: A meta-

analytic review. British Journal of Clinical Psychology, 54(3), 345-360.
https://doi.org/https://doi.org/10.1111/bjc.12078

Carek, P. J., Laibstain, S. E., & Carek, S. M. (2011). Exercise for the Treatment of Depression and Anxiety. The International
Journal of Psychiatry in Medicine, 41(1), 15-28. https://doi.org/10.2190/PM.41.1.c

Castaneda, A. E., Tuulio-Henriksson, A., Marttunen, M., Suvisaari, J., & Lénnqvist, J. (2008, 2008/02/01/). A review on

cognitive impairments in depressive and anxiety disorders with a focus on young adults. Journal of Affective
Disorders, 106(1), 1-27. https://doi.org/https://doi.org/10.1016/j.jad.2007.06.006
Cecchini, J. A., Carriedo, A., Méndez-Giménez, A., & Fernandez-Rio, J. (2023). Network analysis of physical activity and

depressive and affective symptoms during COVID-19 home confinement. Cambridge Prisms: Global Mental
Health, 10, e63, Article e63. https://doi.org/10.1017/gmh.2023.57

Chaput, J.-P., Carson, V., Gray, C. E., & Tremblay, M. S. (2014). Importance of All Movement Behaviors in a 24 Hour Period
for Overall Health. International Journal of Environmental Research and Public Health, 11(12), 12575-12581.
https://www.mdpi.com/1660-4601/11/12/12575

Chen, S.-T,, Guo, T, Yu, Q., Stubbs, B., Clark, C., Zhang, Z., Zhu, M., Hossain, M. M., Yeung, A., Griffiths, M. D., & Zou, L.

(2021, 2021/01/01/). Active school travel is associated with fewer suicide attempts among adolescents from low-

and middle-income countries. International Journal of Clinical and Health Psychology, 21(1), 100202.
https://doi.org/https://doi.org/10.1016/].ijchp.2020.11.001

Cipriani, A., Zhou, X., Del Giovane, C., Hetrick, S. E., Qin, B., Whittington, C., Coghill, D., Zhang, Y., Hazell, P, Leucht, S.,
Cuijpers, P., Pu, J., Cohen, D., Ravindran, A. V,, Liu, Y., Michael, K. D., Yang, L., Liu, L., & Xie, P. (2016, 2016/08/27/).
Comparative efficacy and tolerability of antidepressants for major depressive disorder in children and
adolescents: a network meta-analysis. The lancet, 388(10047), 881-890.
https://doi.org/https://doi.org/10.1016/S0140-6736(16)30385-3

Cornette, R. E. (2011). Chapter 24 - The Emotional Impact of Obesity on Children. In D. Bagchi (Ed.), Global Perspectives
on Childhood Obesity (pp. 257-264). Academic Press. https://doi.org/https://doi.org/10.1016/B978-0-12-
374995-6.10024-6

Cuijpers, P, Berking, M., Andersson, G., Quigley, L., Kleiboer, A., & Dobson, K. S. (2013). A Meta-Analysis of Cognitive-

Behavioural Therapy for Adult Depression, Alone and in Comparison with other Treatments. The Canadian
Journal of Psychiatry, 58(7), 376-385. https://doi.org/10.1177/070674371305800702



https://www.mdpi.com/1660-4601/16/16/2885
https://doi.org/10.1097/dbp.0000000000000571
https://doi.org/https:/doi.org/10.1016/j.mhpa.2023.100550
https://www.mdpi.com/1660-4601/15/6/1275
https://doi.org/https:/doi.org/10.1016/j.yebeh.2021.108386
https://doi.org/https:/doi.org/10.1111/bjc.12078
https://doi.org/10.2190/PM.41.1.c
https://doi.org/https:/doi.org/10.1016/j.jad.2007.06.006
https://doi.org/10.1017/gmh.2023.57
https://www.mdpi.com/1660-4601/11/12/12575
https://doi.org/https:/doi.org/10.1016/j.ijchp.2020.11.001
https://doi.org/https:/doi.org/10.1016/S0140-6736(16)30385-3
https://doi.org/https:/doi.org/10.1016/B978-0-12-374995-6.10024-6
https://doi.org/https:/doi.org/10.1016/B978-0-12-374995-6.10024-6
https://doi.org/10.1177/070674371305800702

576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619

Cuijpers, P, Cristea, I. A., Karyotaki, E., Reijnders, M., & Huibers, M. J. H. (2016, 2016/10/01). How effective are cognitive
behavior therapies for major depression and anxiety disorders? A meta-analytic update of the evidence
[https://doi.org/10.1002/wps.20346]. World Psychiatry, 15(3), 245-258.
https://doi.org/https://doi.org/10.1002/wps.20346

da Costa, B. G. G., Chaput, J.-P.,, Lopes, M. V. V., Malheiros, L. E. A., & Silva, K. S. (2022, 2022/03/01/). Movement behaviors
and their association with depressive symptoms in Brazilian adolescents: A cross-sectional study. Journal of Sport
and Health Science, 11(2), 252-259. https://doi.org/https://doi.org/10.1016/j.jshs.2020.08.003

Dale, L. P,, Vanderloo, L., Moore, S., & Faulkner, G. (2019, 2019/03/01/). Physical activity and depression, anxiety, and self-
esteem in children and youth: An umbrella systematic review. Mental Health and Physical Activity, 16, 66-79.
https://doi.org/https://doi.org/10.1016/j.mhpa.2018.12.001

de Lannoy, L., Barbeau, K., Vanderloo, L. M., Goldfield, G., Lang, J. J., MacLeod, O., & Tremblay, M. S. (2023, 2023/03/01/).

Evidence supporting a combined movement behavior approach for children and youth's mental health — A

scoping review and environmental scan. Mental Health and Physical Activity, 24, 100511.
https://doi.org/https://doi.org/10.1016/j.mhpa.2023.100511

Difrancesco, S., Lamers, F., Riese, H., Merikangas, K. R., Beekman, A. T. F,, van Hemert, A. M., Schoevers, R. A., & Penninx,

B. W. J. H. (2019). Sleep, circadian rhythm, and physical activity patterns in depressive and anxiety disorders: A
2-week ambulatory assessment study. Depression and Anxiety, 36(10), 975-986.
https://doi.org/https://doi.org/10.1002/da.22949

Dumuid, D., Pedisi¢, Z., Palarea-Albaladejo, J., Martin-Fernandez, J. A., Hron, K., & Olds, T. (2020). Compositional Data
Analysis in Time-Use Epidemiology: What, Why, How. International Journal of Environmental Research and Public
Health, 17(7), 2220. https://www.mdpi.com/1660-4601/17/7/2220

Erickson, K. I., Hillman, C., Stillman, C. M., Ballard, R. M., Bloodgood, B., Conroy, D. E., Macko, R., Marquez, D. X.,
Petruzzello, S. J., & Powell, K. E. (2019, Jun). Physical Activity, Cognition, and Brain Outcomes: A Review of the
2018 Physical Activity Guidelines. Med Sci Sports Exerc, 51(6), 1242-1251.
https://doi.org/10.1249/mss.0000000000001936

Fancourt, D., Steptoe, A., & Bu, F. (2021, 2021/02/01/). Trajectories of anxiety and depressive symptoms during enforced

isolation due to COVID-19 in England: a longitudinal observational study. The Lancet Psychiatry, 8(2), 141-149.
https://doi.org/https://doi.org/10.1016/52215-0366(20)30482-X
Faught, E. L., Ekwaru, J. P,, Gleddie, D., Storey, K. E., Asbridge, M., & Veugelers, P. J. (2017, 2017/03/09). The combined

impact of diet, physical activity, sleep and screen time on academic achievement: a prospective study of

elementary school students in Nova Scotia, Canada. International Journal of Behavioral Nutrition and Physical
Activity, 14(1), 29. https://doi.org/10.1186/s12966-017-0476-0

Garber, J., & Weersing, V. R. (2010). Comorbidity of anxiety and depression in youth: implications for treatment and

prevention. Clinical Psychology: Science and Practice, 17(4), 293.

Garcia-Hermoso, A., Lopez-Gil, J. F., Ezzatvar, Y., Ramirez-Vélez, R., & lzquierdo, M. (2023, 2023/03/01/). Twenty-four-hour
movement guidelines during middle adolescence and their association with glucose outcomes and type 2
diabetes mellitus in adulthood. Journal of Sport and Health Science, 12(2), 167-174.
https://doi.org/https://doi.org/10.1016/].jshs.2022.08.001

Ghasemi, M. R., Moonaghi, H. K., & Heydari, A. (2018, Jul). Student-related factors affecting academic engagement: A

qualitative study exploring the experiences of Iranian undergraduate nursing students. Electron Physician, 10(7),
7078-7085. https://doi.org/10.19082/7078

Gilchrist, J. D., Battista, K., Patte, K. A., Faulkner, G., Carson, V., & Leatherdale, S. T. (2021, 2021/03/01/). Effects of
reallocating physical activity, sedentary behaviors, and sleep on mental health in adolescents. Mental Health and
Physical Activity, 20, 100380. https://doi.org/https://doi.org/10.1016/j.mhpa.2020.100380



https://doi.org/10.1002/wps.20346
https://doi.org/https:/doi.org/10.1002/wps.20346
https://doi.org/https:/doi.org/10.1016/j.jshs.2020.08.003
https://doi.org/https:/doi.org/10.1016/j.mhpa.2018.12.001
https://doi.org/https:/doi.org/10.1016/j.mhpa.2023.100511
https://doi.org/https:/doi.org/10.1002/da.22949
https://www.mdpi.com/1660-4601/17/7/2220
https://doi.org/10.1249/mss.0000000000001936
https://doi.org/https:/doi.org/10.1016/S2215-0366(20)30482-X
https://doi.org/10.1186/s12966-017-0476-0
https://doi.org/https:/doi.org/10.1016/j.jshs.2022.08.001
https://doi.org/10.19082/7078
https://doi.org/https:/doi.org/10.1016/j.mhpa.2020.100380

620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663

Goodwin, R. D., Weinberger, A. H., Kim, J. H., Wu, M., & Galea, S. (2020, 2020/11/01/). Trends in anxiety among adults in
the United States, 2008—2018: Rapid increases among young adults. Journal of Psychiatric Research, 130, 441-
446. https://doi.org/https://doi.org/10.1016/j.jpsychires.2020.08.014

Gore, F. M., Bloem, P. J. N., Patton, G. C., Ferguson, J., Joseph, V., Coffey, C., Sawyer, S. M., & Mathers, C. D. (2011,
2011/06/18/). Global burden of disease in young people aged 10-24 years: a systematic analysis. The lancet,
377(9783), 2093-2102. https://doi.org/https://doi.org/10.1016/S0140-6736(11)60512-6

Gunnell, K. E., Flament, M. F.,, Buchholz, A., Henderson, K. A., Obeid, N., Schubert, N., & Goldfield, G. S. (2016,

2016/07/01/). Examining the bidirectional relationship between physical activity, screen time, and symptoms of

anxiety and depression over time during adolescence. Preventive Medicine, 88, 147-152.
https://doi.org/https://doi.org/10.1016/j.ypmed.2016.04.002

Gutman, L. M., & Codiroli McMaster, N. (2020, 2020/05/01). Gendered Pathways of Internalizing Problems from Early
Childhood to Adolescence and Associated Adolescent Outcomes. Journal of abnormal child psychology, 48(5),
703-718. https://doi.org/10.1007/s10802-020-00623-w

Hegberg, N. J., & Tone, E. B. (2015, 2015/03/01/). Physical activity and stress resilience: Considering those at-risk for

developing mental health problems. Mental Health and  Physical Activity, 8,  1-7.
https://doi.org/https://doi.org/10.1016/j.mhpa.2014.10.001

Hillman, C. H., McDonald, K. M., & Logan, N. E. (2020). A Review of the Effects of Physical Activity on Cognition and Brain
Health across Children and Adolescence. Nestle Nutr Inst Workshop Ser, 95, 116-126.
https://doi.org/10.1159/000511508

Howie, E. K., Joosten, J., Harris, C. J., & Straker, L. M. (2020, 2020/04/17). Associations between meeting sleep, physical

activity or screen time behaviour guidelines and academic performance in Australian school children. BMC public
health, 20(1), 520. https://doi.org/10.1186/s12889-020-08620-w

Hughes, K., Ford, K., Bellis, M. A., Glendinning, F., Harrison, E., & Passmore, J. (2021, 2021/11/01/). Health and financial
costs of adverse childhood experiences in 28 European countries: a systematic review and meta-analysis. The
Lancet Public Health, 6(11), e848-e857. https://doi.org/https://doi.org/10.1016/52468-2667(21)00232-2

Janssen, |., Clarke, A. E., Carson, V., Chaput, J.-P., Giangregorio, L. M., Kho, M. E., Poitras, V. J., Ross, R., Saunders, T. J., Ross-

White, A., & Chastin, S. F. M. (2020). A systematic review of compositional data analysis studies examining
associations between sleep, sedentary behaviour, and physical activity with health outcomes in adults. Applied
physiology, nutrition, and metabolism, 45(10 (Suppl. 2)), S248-S257. https://doi.org/10.1139/apnm-2020-
0160 %M 33054342

Jimerson, S. R., Campos, E., & Greif, J. L. (2003, 2003/01/01). Toward an Understanding of Definitions and Measures of
School Engagement and Related Terms. The California  School Psychologist, 8(1), 7-27.
https://doi.org/10.1007/BF03340893

Kandasamy, V., Hirai, A. H., Ghandour, R. M., & Kogan, M. D. (2018). Parental Perception of Flourishing in School-Aged

Children: 2011-2012 National Survey of Children's Health. Journal of Developmental & Behavioral Pediatrics,
39(6).
https://journals.lww.com/jrnldbp/Fulltext/2018/08000/Parental Perception of Flourishing in School Aged.6

.aspx
Kessler, R. C., Amminger, G. P., Aguilar-Gaxiola, S., Alonso, J., Lee, S., & Ustiin, T. B. (2007). Age of onset of mental disorders:

a review of recent literature. Current Opinion in Psychiatry, 20(4). https://journals.lww.com/co-

psychiatry/Fulltext/2007/07000/Age of onset of mental disorders a review of.10.aspx
Khouja, J. N., Munafo, M. R., Tilling, K., Wiles, N. J., Joinson, C., Etchells, P. J., John, A., Hayes, F. M., Gage, S. H., & Cornish,

R. P. (2019, 2019/01/17). Is screen time associated with anxiety or depression in young people? Results from a



https://doi.org/https:/doi.org/10.1016/j.jpsychires.2020.08.014
https://doi.org/https:/doi.org/10.1016/S0140-6736(11)60512-6
https://doi.org/https:/doi.org/10.1016/j.ypmed.2016.04.002
https://doi.org/10.1007/s10802-020-00623-w
https://doi.org/https:/doi.org/10.1016/j.mhpa.2014.10.001
https://doi.org/10.1159/000511508
https://doi.org/10.1186/s12889-020-08620-w
https://doi.org/https:/doi.org/10.1016/S2468-2667(21)00232-2
https://doi.org/10.1139/apnm-2020-0160
https://doi.org/10.1139/apnm-2020-0160
https://doi.org/10.1007/BF03340893
https://journals.lww.com/jrnldbp/Fulltext/2018/08000/Parental_Perception_of_Flourishing_in_School_Aged.6.aspx
https://journals.lww.com/jrnldbp/Fulltext/2018/08000/Parental_Perception_of_Flourishing_in_School_Aged.6.aspx
https://journals.lww.com/co-psychiatry/Fulltext/2007/07000/Age_of_onset_of_mental_disorders__a_review_of.10.aspx
https://journals.lww.com/co-psychiatry/Fulltext/2007/07000/Age_of_onset_of_mental_disorders__a_review_of.10.aspx

664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707

UK birth cohort. BMC public health, 19(1), 82. https://doi.org/10.1186/s12889-018-6321-9
Kong, C., Chen, A., Ludyga, S., Herold, F., Healy, S., Zhao, M., Taylor, A., Miiller, N. G., Kramer, A. F,, Chen, S., Tremblay, M.
S., & Zou, L. (2023, 2023/01/01/). Associations between meeting 24-hour movement guidelines and quality of

life among children and adolescents with autism spectrum disorder. Journal of sport and health science, 12(1),
73-86. https://doi.org/https://doi.org/10.1016/].jshs.2022.08.003

Lee, E. Y., Khan, A,, Uddin, R., Lim, E., & George, L. (2023, 2023/03/01/). Six-year trends and intersectional correlates of
meeting 24-Hour Movement Guidelines among South Korean adolescents: Korea Youth Risk Behavior Surveys,
2013-2018. Journal of Sport and Health Science, 12(2), 255-265.
https://doi.org/https://doi.org/10.1016/].jshs.2020.11.001

Lin, J., Magiati, I., Chiong, S. H. R., Singhal, S., Riard, N., Ng, |. H-X., Muller-Riemenschneider, F., & Wong, C. M. (2019). The

Relationship Among Screen Use, Sleep, and Emotional/Behavioral Difficulties in Preschool Children with

Neurodevelopmental Disorders. Journal of Developmental & Behavioral Pediatrics, 40(7).
https://journals.lww.com/jrnldbp/Fulltext/2019/09000/The Relationship Among Screen Use, Sleep, and.4.a

SpX
Lissak, G. (2018, 2018/07/01/). Adverse physiological and psychological effects of screen time on children and adolescents:

Literature review and case study. Environmental Research, 164, 149-157.
https://doi.org/https://doi.org/10.1016/j.envres.2018.01.015

Locher, C., Koechlin, H., Zion, S. R., Werner, C., Ping, D. S., Kirsch, I., Kessler, R. C., & Kossowsky, J. (2017). Efficacy and
Safety of Selective Serotonin Reuptake Inhibitors, Serotonin-Norepinephrine Reuptake Inhibitors, and Placebo
for Common Psychiatric Disorders Among Children and Adolescents: A Systematic Review and Meta-analysis.
JAMA Psychiatry, 74(10), 1011-1020. https://doi.org/10.1001/jamapsychiatry.2017.2432

Lowe, C. J., Safati, A., & Hall, P. A. (2017, 2017/09/01/). The neurocognitive consequences of sleep restriction: A meta-

analytic review. Neuroscience & Biobehavioral Reviews, 80, 586-604.
https://doi.org/https://doi.org/10.1016/j.neubiorev.2017.07.010
Luo, X., Herold, F,, Ludyga, S., Gerber, M., Kamijo, K., Pontifex, M. B., Hillman, C. H., Alderman, B. L., Miller, N. G., Kramer,

A. F, Ishihara, T, Song, W., & Zou, L. (2023, Oct-Dec). Association of physical activity and fitness with executive
function among preschoolers. Int J Clin Health Psychol, 23(4), 100400.
https://doi.org/10.1016/j.ijchp.2023.100400

Marciano, L., & Camerini, A. L. (2021, 2021/09/01/). Recommendations on screen time, sleep and physical activity:

associations with academic achievement in Swiss adolescents. Public Health, 198, 211-217.
https://doi.org/https://doi.org/10.1016/j.puhe.2021.07.027
Marquez, D. X., Aguiiiaga, S., Vasquez, P. M., Conroy, D. E., Erickson, K. I., Hillman, C., Stillman, C. M., Ballard, R. M.,

Sheppard, B. B., Petruzzello, S. J., King, A. C., & Powell, K. E. (2020). A systematic review of physical activity and
quality of life and well-being. Translational = Behavioral =~ Medicine,  10(5), 1098-1109.
https://doi.org/10.1093/tbm/ibz198

Merikangas, K. R., He, J.-p., Burstein, M., Swanson, S. A., Avenevoli, S., Cui, L., Benjet, C., Georgiades, K., & Swendsen, J.
(2010, 2010/10/01/). Lifetime Prevalence of Mental Disorders in U.S. Adolescents: Results from the National

Comorbidity Survey Replication—Adolescent Supplement (NCS-A). Journal of the American Academy of Child &
Adolescent Psychiatry, 49(10), 980-989. https://doi.org/https://doi.org/10.1016/j.jaac.2010.05.017

Min, J-A., Jung, Y-E., Kim, D.-J., Yim, H.-W., Kim, J.-J., Kim, T-S., Lee, C.-U., Lee, C., & Chae, J.-H. (2013, 2013/03/01).
Characteristics associated with low resilience in patients with depression and/or anxiety disorders. Quality of Life
Research, 22(2), 231-241. https://doi.org/10.1007/s11136-012-0153-3

Moffitt, T. E., Harrington, H., Caspi, A., Kim-Cohen, J., Goldberg, D., Gregory, A. M., & Poulton, R. (2007). Depression and



https://doi.org/10.1186/s12889-018-6321-9
https://doi.org/https:/doi.org/10.1016/j.jshs.2022.08.003
https://doi.org/https:/doi.org/10.1016/j.jshs.2020.11.001
https://journals.lww.com/jrnldbp/Fulltext/2019/09000/The_Relationship_Among_Screen_Use,_Sleep,_and.4.aspx
https://journals.lww.com/jrnldbp/Fulltext/2019/09000/The_Relationship_Among_Screen_Use,_Sleep,_and.4.aspx
https://doi.org/https:/doi.org/10.1016/j.envres.2018.01.015
https://doi.org/10.1001/jamapsychiatry.2017.2432
https://doi.org/https:/doi.org/10.1016/j.neubiorev.2017.07.010
https://doi.org/10.1016/j.ijchp.2023.100400
https://doi.org/https:/doi.org/10.1016/j.puhe.2021.07.027
https://doi.org/10.1093/tbm/ibz198
https://doi.org/https:/doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.1007/s11136-012-0153-3

708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751

generalized anxiety disorder: cumulative and sequential comorbidity in a birth cohort followed prospectively to
age 32 years. Archives of general psychiatry, 64(6), 651-660.

Murphy, J., Sweeney, M. R., & McGrane, B. (2020). Physical Activity and Sports Participation in Irish Adolescents and
Associations with Anxiety, Depression and Mental Wellbeing. Findings from the Physical Activity and Wellbeing
(Paws) Study. Physical Activity and Health. https://doi.org/10.5334/paah.58

Murray, C. J., Vos, T., Lozano, R., Naghavi, M., Flaxman, A. D., Michaud, C., Ezzati, M., Shibuya, K., Salomon, J. A., & Abdalla,
S. (2012). Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a
systematic analysis for the Global Burden of Disease Study 2010. The lancet, 380(9859), 2197-2223.

Murray, R. M., Doré, I., Sabiston, C. M., Michael, F., & O'Loughlin, J. L. (2023). A time compositional analysis of the

association between movement behaviors and indicators of mental health in young adults. Scandinavian Journal
of Medicine & Science in Sports, 33(12), 2598-2607. https://doi.org/https://doi.org/10.1111/sms.14471

Oberle, E., Ji, X. R., Kerai, S., Guhn, M., Schonert-Reichl, K. A., & Gadermann, A. M. (2020, 2020/12/01/). Screen time and
extracurricular activities as risk and protective factors for mental health in adolescence: A population-level study.
Preventive Medicine, 141, 106291. https://doi.org/https://doi.org/10.1016/j.ypmed.2020.106291

Owen, K. B., Parker, P. D., Van Zanden, B., MacMillan, F., Astell-Burt, T., & Lonsdale, C. (2016). Physical activity and school
engagement in youth: a systematic review and meta-analysis. Educational Psychologist, 51(2), 129-145.

OZDEMIR, C., & KELES, S. (2023). The Relationship of Screen Exposure with Sleep Quality and Self-Regulation Skills in
Preschool Children. Tiirkiye Cocuk Hastaliklar1 Dergisi, 1-6.

Pine, D. S., Cohen, P., Gurley, D., Brook, J., & Ma, Y. (1998). The Risk for Early-Adulthood Anxiety and Depressive Disorders
in Adolescents With Anxiety and Depressive Disorders. Archives of general psychiatry, 55(1), 56-64.
https://doi.org/10.1001/archpsyc.55.1.56

Racine, N., McArthur, B. A., Cooke, J. E., Eirich, R., Zhu, J., & Madigan, S. (2021). Global Prevalence of Depressive and
Anxiety Symptoms in Children and Adolescents During COVID-19: A Meta-analysis. JAMA pediatrics, 175(11),
1142-1150. https://doi.org/10.1001/jamapediatrics.2021.2482

Rapaport, M. H., Clary, C., Fayyad, R., & Endicott, J. (2005, 2005/06/01). Quality-of-Life Impairment in Depressive and
Anxiety Disorders. American Journal of Psychiatry, 162(6), 1171-1178.
https://doi.org/10.1176/appi.ajp.162.6.1171

Renaud, J., Berlim, M. T., McGirr, A., Tousignant, M., & Turecki, G. (2008, 2008/01/01/). Current psychiatric morbidity,
aggression/impulsivity, and personality dimensions in child and adolescent suicide: A case-control study. Journal
of Affective Disorders, 105(1), 221-228. https://doi.org/https://doi.org/10.1016/].jad.2007.05.013

Robson, D. A., Allen, M. S., & Howard, S. J. (2020). Self-regulation in childhood as a predictor of future outcomes: A meta-
analytic review. Psychological bulletin, 146, 324-354. https://doi.org/10.1037/bul0000227

Rocha, T. B.-M., Graeff-Martins, A. S., Kieling, C., & Rohde, L. A. (2015). Provision of mental healthcare for children and
adolescents: a worldwide view. Current Opinion in Psychiatry, 28(4). https://journals.lww.com/co-
psychiatry/Fulltext/2015/07000/Provision of mental healthcare for children and.11.aspx

Rollo, S., Antsygina, O., & Tremblay, M. S. (2020, 2020/12/01/). The whole day matters: Understanding 24-hour movement
guideline adherence and relationships with health indicators across the lifespan. Journal of Sport and Health
Science, 9(6), 493-510. https://doi.org/https://doi.org/10.1016/j.jshs.2020.07.004

Saris, I. M. J., Aghajani, M., van der Werff, S. J. A., van der Wee, N. J. A., & Penninx, B. W. J. H. (2017, 2017/10/01). Social
functioning in patients with depressive and anxiety disorders [https://doi.org/10.1111/acps.12774]. Acta
Psychiatrica Scandinavica, 136(4), 352-361. https://doi.org/https://doi.org/10.1111/acps.12774

Sellers, R., Warne, N., Pickles, A., Maughan, B., Thapar, A., & Collishaw, S. (2019, 2019/07/01). Cross-cohort change in
adolescent outcomes for children with mental health problems [https://doi.org/10.1111/jcpp.13029]. Journal of
Child Psychology and Psychiatry, 60(7), 813-821. https://doi.org/https://doi.org/10.1111/jcpp.13029



https://doi.org/10.5334/paah.58
https://doi.org/https:/doi.org/10.1111/sms.14471
https://doi.org/https:/doi.org/10.1016/j.ypmed.2020.106291
https://doi.org/10.1001/archpsyc.55.1.56
https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.1176/appi.ajp.162.6.1171
https://doi.org/https:/doi.org/10.1016/j.jad.2007.05.013
https://doi.org/10.1037/bul0000227
https://journals.lww.com/co-psychiatry/Fulltext/2015/07000/Provision_of_mental_healthcare_for_children_and.11.aspx
https://journals.lww.com/co-psychiatry/Fulltext/2015/07000/Provision_of_mental_healthcare_for_children_and.11.aspx
https://doi.org/https:/doi.org/10.1016/j.jshs.2020.07.004
https://doi.org/10.1111/acps.12774
https://doi.org/https:/doi.org/10.1111/acps.12774
https://doi.org/10.1111/jcpp.13029
https://doi.org/https:/doi.org/10.1111/jcpp.13029

752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795

Sharma, T., Guski, L. S., Freund, N., & Ggtzsche, P. C. (2016). Suicidality and aggression during antidepressant treatment:
systematic review and meta-analyses based on clinical study reports. bmj, 352.

Sigmundova, D., Sigmund, E., Badura, P., Vokacova, J., Trhlikova, L., & Bucksch, J. (2016, 2016/08/30). Weekday-weekend
patterns of physical activity and screen time in parents and their pre-schoolers. BMC public health, 16(1), 898.
https://doi.org/10.1186/s12889-016-3586-8

Singh, B., Olds, T., Curtis, R., Dumuid, D., Virgara, R., Watson, A., Szeto, K., O'Connor, E., Ferguson, T., Eglitis, E., Miatke, A.,

Simpson, C. E., & Maher, C. (2023). Effectiveness of physical activity interventions for improving depression,
anxiety and distress: an overview of systematic reviews. British Journal of Sports Medicine, bjsports-2022-106195.
https://doi.org/10.1136/bjsports-2022-106195

Siwa, M., Kulis, E., Banik, A., Szczuka, Z., Boberska, M., Wietrzykowska, D., Knoll, N., DelLongis, A., Knduper, B., &

Luszczynska, A. (2023, 2023/03/01/). Associations between depressive symptoms and sedentary behaviors in
dyads: Longitudinal crossover effects. Mental Health and Physical Activity, 24, 100501.
https://doi.org/https://doi.org/10.1016/j.mhpa.2022.100501

Taylor, A., Kong, C., Zhang, Z., Herold, F., Ludyga, S., Healy, S., Gerber, M., Cheval, B., Pontifex, M., Kramer, A. F.,, Chen, S.,
Zhang, Y., Miller, N. G., Tremblay, M. S., & Zou, L. (2023, 2023/03/27). Associations of meeting 24-h movement
behavior guidelines with cognitive difficulty and social relationships in children and adolescents with attention
deficit/hyperactive disorder. Child and Adolescent Psychiatry and Mental Health, 17(1), 42.
https://doi.org/10.1186/s13034-023-00588-w

Tremblay, M. S., Carson, V., Chaput, J.-P.,, Connor Gorber, S., Dinh, T., Duggan, M., Faulkner, G., Gray, C. E., Gruber, R.,
Janson, K., Janssen, ., Katzmarzyk, P. T., Kho, M. E., Latimer-Cheung, A. E., LeBlanc, C., Okely, A. D., Olds, T., Pate,
R. R,, Phillips, A., Poitras, V. J., Rodenburg, S., Sampson, M., Saunders, T. J., Stone, J. A, Stratton, G., Weiss, S. K.,
& Zehr, L. (2016, 2016/06/01). Canadian 24-Hour Movement Guidelines for Children and Youth: An Integration
of Physical Activity, Sedentary Behaviour, and Sleep. Applied Physiology, Nutrition, and Metabolism, 41(6 (Suppl.
3)), S311-S327. https://doi.org/10.1139/apnm-2016-0151

Van Ameringen, M., Mancini, C., & Farvolden, P. (2003, 2003/01/01/). The impact of anxiety disorders on educational
achievement. Journal of Anxiety Disorders, 17(5), 561-571. https://doi.org/https://doi.org/10.1016/S0887-

6185(02)00228-1
Vohs, K. D., & Baumeister, R. F. (2016). Handbook of self-regulation: Research, theory, and applications. Guilford

Publications.

Walsh, J. J., Barnes, J. D., Cameron, J. D., Goldfield, G. S., Chaput, J.-P.,, Gunnell, K. E., Ledoux, A-A., Zemek, R. L., & Tremblay,
M. S. (2018, 2018/11/01/). Associations between 24 hour movement behaviours and global cognition in US
children: a cross-sectional observational study. The Lancet Child & Adolescent Health, 2(11), 783-791.
https://doi.org/https://doi.org/10.1016/S2352-4642(18)30278-5

Watson, A., Dumuid, D., Maher, C., & Olds, T. (2022, 2022/07/01/). Associations between meeting 24-hour movement

guidelines and academic achievement in Australian primary school-aged children. Journal of Sport and Health
Science, 11(4), 521-529. https://doi.org/https://doi.org/10.1016/].jshs.2020.12.004

Weinberg, W. A., Rutman, J., Sullivan, L., Penick, E. C., & Dietz, S. G. (1973, 1973/12/01/). Depression in children referred
to an educational diagnostic center: Diagnosis and treatment: Preliminary report. The Journal of Pediatrics, 83(6),
1065-1072. https://doi.org/https://doi.org/10.1016/5S0022-3476(73)80552-9

Westrupp, E. M., Bennett, C., Berkowitz, T., Youssef, G. J., Toumbourou, J. W., Tucker, R., Andrews, F. J., Evans, S., Teague,
S.J., Karantzas, G. C., Melvin, G. M., Olsson, C., Macdonald, J. A., Greenwood, C. J., Mikocka-Walus, A., Hutchinson,
D., Fuller-Tyszkiewicz, M., Stokes, M. A., Olive, L., Wood, A. G., McGillivray, J. A., & Sciberras, E. (2023,
2023/02/01). Child, parent, and family mental health and functioning in Australia during COVID-19: comparison
to pre-pandemic data. European Child & Adolescent Psychiatry, 32(2), 317-330. https://doi.org/10.1007/s00787-



https://doi.org/10.1186/s12889-016-3586-8
https://doi.org/10.1136/bjsports-2022-106195
https://doi.org/https:/doi.org/10.1016/j.mhpa.2022.100501
https://doi.org/10.1186/s13034-023-00588-w
https://doi.org/10.1139/apnm-2016-0151
https://doi.org/https:/doi.org/10.1016/S0887-6185(02)00228-1
https://doi.org/https:/doi.org/10.1016/S0887-6185(02)00228-1
https://doi.org/https:/doi.org/10.1016/S2352-4642(18)30278-5
https://doi.org/https:/doi.org/10.1016/j.jshs.2020.12.004
https://doi.org/https:/doi.org/10.1016/S0022-3476(73)80552-9
https://doi.org/10.1007/s00787-021-01861-z

796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826

021-01861-z

Woodward, L. J., & Fergusson, D. M. (2001, 2001/09/01/). Life Course Outcomes of Young People With Anxiety Disorders
in Adolescence. Journal of the American Academy of Child & Adolescent Psychiatry, 40(9), 1086-1093.
https://doi.org/https://doi.org/10.1097/00004583-200109000-00018

Zhang, Z., Wang, T.,, Kuang, J., Herold, F.,, Ludyga, S., Li, J., Hall, D. L., Taylor, A., Healy, S., Yeung, A. S., Kramer, A. F., & Zou,
L. (2022, 2022/09/01/). The roles of exercise tolerance and resilience in the effect of physical activity on

emotional states among college students. International Journal of Clinical and Health Psychology, 22(3), 100312.
https://doi.org/https://doi.org/10.1016/|.ijchp.2022.100312
Zhu, X., Haegele, J. A., & Healy, S. (2019, 2019/03/01/). Movement and mental health: Behavioral correlates of anxiety

and depression among children of 6-17 years old in the U.S. Mental Health and Physical Activity, 16, 60-65.
https://doi.org/https://doi.org/10.1016/j.mhpa.2019.04.002
Zou, L., Herold, F., Ludyga, S., Kamijo, K., Miller, N. G., Pontifex, M. B., Heath, M., Kuwamizu, R., Soya, H., Hillman, C. H.,

Ando, S., Alderman, B. L., Cheval, B., & Kramer, A. F. (2023, Sep). Look into my eyes: What can eye-based measures
tell us about the relationship between physical activity and cognitive performance? J Sport Health Sci, 12(5), 568-
591. https://doi.org/10.1016/].jshs.2023.04.003

Zou, L., Wang, T., Herold, F,, Ludyga, S., Liu, W., Zhang, Y., Healy, S., Zhang, Z., Kuang, J., Taylor, A., Kramer, A. F,, Chen, S.,
Tremblay, M. S., & Hossain, M. M. (2023, 2023/01/01/). Associations between sedentary behavior and negative

emotions in adolescents during home confinement: Mediating role of social support and sleep quality.
International Journal of Clinical and Health Psychology, 23(1), 100337.
https://doi.org/https://doi.org/10.1016/|.ijchp.2022.100337



https://doi.org/10.1007/s00787-021-01861-z
https://doi.org/https:/doi.org/10.1097/00004583-200109000-00018
https://doi.org/https:/doi.org/10.1016/j.ijchp.2022.100312
https://doi.org/https:/doi.org/10.1016/j.mhpa.2019.04.002
https://doi.org/10.1016/j.jshs.2023.04.003
https://doi.org/https:/doi.org/10.1016/j.ijchp.2022.100337

827
828

Table 1. Characteristics of the children and adolescents with internalizing problems included in the
sample of the current study (n = 1794)

Characteristics

Value?

Age (year) (M£SD)
Sex
Male (n, %)
Female (n, %)
Ethnicity
White (n, %)
Hispanic (n, %)
Black (n, %)
Asian (n, %)
Other/Multi-racial (n, %)
Household poverty level
< 0%-99% federal poverty level (n, %)
> 100% federal poverty level (n, %)
Highest education level of primary caregivers
Less than high school (n, %)
High school (n, %)
Some college credit or associated degree (AA, AS) (n, %)
College degree or higher (n, %)
Overweight
Yes (n, %)
No (n, %)
Children experienced one or more ACEs
No (n, %)
One (n, %)
Two or more (n, %)
Mental health status of mother
Fair or poor (n, %)
Good (n, %)
Excellent or very good (n, %)
Mental health status of father (n, %)
Fair or poor (n, %)
Good (n, %)
Excellent or very good (n, %)
Received mental health care status
No (n, %)
Yes (n, %)
Adherence to the 24-HMB guidelines
None (n, %)
Meeting 1 out of 3 (n, %)
Physical activity (n, %)
Screen time (n, %)

14.19 £ 2.90

708 (40.65%)
1086 (59.36%)

1370 (61.91%)
200 (25.19%)
46 (4.80%)

38 (1.00%)
140 (7.09%)

149 (8.62%)
1645 (91.4%)

18 (2.34%)
199 (18.87%)
437 (22.83%)
1140 (55.96%)

1457 (79.26%)
337 (20.75%)

635 (30.05%)
451 (29.09%)
708 (40.86%)

300 (18.18%)
646 (34.76%)
848 (47.06%)

226 (14.56%)
553 (31.39%)
1015 (54.05%)

343 (21.21%)
1451 (78.79%)

575 (37.22%)
901 (45.88%)
34 (2.88%)
142 (7.50%)




Sleep (n, %)
Meeting 2 out of 3 (n, %)
Physical activity + Screen time (n, %)
Physical activity + Sleep (n, %)
Screen time + Sleep (n, %)
All (n, %)
Learning interest/curiosity
Always (n, %)

Usually (n, %)
Sometimes (n, %)
Never (n, %)
Caring about school performance
Always (n, %)
Usually (n, %)
Sometimes (n, %)
Never (n, %)
Completing required homework
Always (n, %)
Usually (n, %)
Sometimes (n, %)
Never (n, %)
Resilience
Always (n, %)
Usually (n, %)
Sometimes (n, %)
Never (n, %)
Self-regulation
Always (n, %)
Usually (n, %)
Sometimes (n, %)
Never (n, %)

Difficulty concentrating, remembering, or making decisions

Yes (n, %)
No (n, %)

725 (35.50%)
284 (15.74%)
23 (1.72%)
52 (2.15%)
209 (11.86%)
34 (1.17%)

386 (21.93%)

659 (31.62%)
680 (41.67%)
69 (3.79%)

549 (28.31%)
569 (34.65%)
522 (31.56%)
154 (5.48%)

422 (21.26%)
639 (37.93%)
572 (34.14%)
161 (6.67%)

201 (11.42%)
694 (36.01%)
812 (47.28%)
87 (5.30%)

72 (3.90%)

517 (25.10%)
994 (58.36%)
211 (12.64%)

887 (50.11%)
907 (49.89%)

829 2 Values are mean = SD or n (weighted [wt]%); n represents unweighted sample counts, and wt% is

830 weighted sample sizes. Abbreviations: 24-HMB = Canadian 24-Hour Movement and Behavior

831 guidelines. AA = associate in arts; AS = associate in science

832

833

834  Table 2. Associations between the met 24-HMB guidelines and learning interest / curiosity

Learning interest / curiosity 24-HMB guideline adherence 24-HMB guideline adherence
as continuous variable as categorical variable
Odds Ratio p Odds Ratio p




(95% CI)

(95% CI)

Adherence to 24-HMB (continuous) 1.43 (1.11 -1.85)

Adherence to 24-HMB (categorical)

None (reference)
Physical activity
Screen time
Sleep

Physical activity + Screen time

Physical activity + Sleep
Screen time + Sleep
All

Probability > F?

1 (reference)

<0.001

0.006**

1 (reference) N/A

3.57 (0.92-13.80) 0.07

1.47 (0.78-2.79)  0.23
1.33(0.90-1.96) 0.16

1.34 (0.25-7.05) 0.73

3.07 (1.25-7.61)  0.001**
1.74 (0.87-3.45) 0.12

7.56 (2.68-21.30) <0.001**
<0.001

835
836
837
838
839

& Means overall model F statistic. * p < 0.05; ** p < 0.01. Abbreviation: 95% CI = 95% confidence
interval; 24-HMB = 24-hour movement behavior; N/A = Not applicable.

Table 3. Associations between met 24-HMB guidelines and caring about school performance

caring about school performance

Met 24-HMB guidelines
as continuous variable

Met 24-HMB guidelines
as categorical variable

Odds Ratio p Odds Ratio p
(95% CI) (95% CI)
Met 2_4-HMB guidelines 139 (1.10 -1.76) 0.006%* —
(continuous)
Met 24-HMB guidelines (categorical)
None (reference) 1 (reference) N/A 1 (reference) N/A

Physical activity
Screen time
Sleep

Physical activity + Screen time

Physical activity + Sleep
Screen time + Sleep
All

Probability > F2

<0.001

5.38 (1.78-16.26)  0.003**
1.37(0.79-2.37)  0.26
0.95(0.64-1.40)  0.79
1.79(0.99-321)  0.05
2.02(0.71-5.75)  0.19
2.07 (1.07-3.99)  0.030*
5.11 (1.66-15.74)  0.005%*
<0.001

840
841
842
843
844

& Means overall model F statistic. * p < 0.05; ** p < 0.01. Abbreviation: 95% CI = 95% confidence
interval; 24-HMB = 24-hour movement behavior; N/A = Not applicable.

Table 4. Associations between met 24-HMB guidelines and completing required homework.

Completing required homework

Met 24-HMB guidelines
as continuous variable

Met 24-HMB guidelines
as categorical variable

Odds Ratio p Odds Ratio p
(95% ClI) (95% Cl)
Met 24-HMB guidelines 1.38 (1.11-1.70) 0.003** — -



(continuous)

Met 24-HMB guidelines (categorical)

None (reference) 1 (reference) N/A 1 (reference) N/A
Physical activity — — 1.69 (0.68 -4.24) 0.26
Screen time — — 1.78 (1.06 -3.03) 0.030*
Sleep — — 1.18 (0.77 -1.77) 0.44
Physical activity + Screen time — — 1.25(0.34 -4.62) 0.74
Physical activity + Sleep — — 1.05 (0.35-3.14) 0.93
Screen time + Sleep — — 2.44 (1.48-4.01) <0.001**
All — — 1.85(0.77 -4.45) 0.17
Probability > F? <0.001 <0.001

845 2 Means overall model F statistic. * p < 0.05; ** p < 0.01. Abbreviation: 95% CI = 95% confidence
846 interval; 24-HMB = 24-hour movement behavior; N/A = Not applicable.

847
848
849  Table 5. Associations between met 24-HMB guidelines and resilience.
Resilience Met 24-HMB guidelines as Met 24-HMB guidelines
continuous variable as categorical variable
Odds Ratio p Odds Ratio p
(95% Cl) (95% CI)
Met 24-HMB — —

_ *
guidelines(continuous) 131(105-163) 0018

Met 24-HMB guidelines (categorical)

None (reference) 1 (reference) N/A 1 (reference) N/A
Physical activity — — 6.43 (2.90-14.24) <0.001**
Screen time — — 2.12 (1.18 -3.83) 0.012*
Sleep — — 1.26 (0.84 -1.90) 0.27
Physical activity + Screen time — — 0.98 (0.20 -4.90) 0.98
Physical activity + Sleep — — 0.76 (0.22 -2.64) 0.67
Screen time + Sleep — — 1.87 (1.06 -3.31) 0.032*
All — — 2.62 (1.15-5.98) 0.022*
Probability > F? <0.001 <0.001

850 2 Means overall model F statistic. * p < 0.05; ** p < 0.01. Abbreviation: 95% CI = 95% confidence
851 interval; 24-HMB = 24-hour movement behavior; N/A = Not applicable.

852
853
854  Table 6. Associations between met 24-HMB guidelines and self-regulation.
Self-regulation Met 24-HMB guidelines Met 24-HMB guidelines
as continuous variable as categorical variable
Odds Ratio p Odds Ratio p
(95% CI) (95% CI)

Met 24-HMB guidelines 141(1.09-1.84) 0.009%* -
(continuous)



Met 24-HMB guidelines (categorical)

None (reference) 1 (reference) N/A 1 (reference) N/A
Physical activity — — 1.12 (0.58 -2.15) 0.74
Screen time — — 1.70 (0.97 -2.99) 0.06
Sleep — — 1.25(0.83 -1.88) 0.28
Physical activity + Screen time — — 0.29 (0.03 -2.62) 0.27
Physical activity + Sleep — — 1.56 (0.67 -3.65) 0.30
Screen time + Sleep — — 2.69 (1.46 -4.96) 0.002**
All — — 3.65(1.51-8.87) 0.004**
Probability > F? <0.001 <0.001

855 2 Means overall model F statistic. * p < 0.05; ** p < 0.01. Abbreviation: 95% CI = 95% confidence
856 interval; 24-HMB = 24-hour movement behavior; N/A = Not applicable.

857
858
859  Table 7. Associations between met 24-HMB guidelines and cognitive difficulties.
Cognitive difficulties Met 24-HMB guidelines Met 24-HMB guidelines
as continuous variable as categorical variable
Odds Ratio p Odds Ratio p
(95% CI) (95% CI)

Met 2_4-HMB guidelines 0.92 (0.73 -1.18) 0.52 — —
(continuous)

Met 24-HMB guidelines (categorical)

None (reference) 1 (reference) N/A 1 (reference) N/A
Physical activity — — 1.76 (0.55 -5.65) 0.35
Screen time — — 0.63 (0.33-1.21) 0.17
Sleep — — 1.06 (0.69 -1.66) 0.77
Physical activity + Screen time — — 2.16 (0.25-18.88) 0.49
Physical activity + Sleep — — 1.80 (0.60 -5.36) 0.29
Screen time + Sleep — — 0.55 (0.32 -0.96) 0.035*
All — — 1.30 (0.55 -3.03) 0.55
Probability > F? <0.001 <0.001

860  Means overall model F statistic. * p < 0.05; ** p < 0.01. Abbreviation: 95% CI = 95% confidence
861 interval; 24-HMB = 24-hour movement behavior; N/A = Not applicable.
862



863
864

sTL g

142 (7.50%)

209 (11.86%

34 (2.88%) 725 (35.50%)

865  Figure 1: Venn diagram showing proportions of participants meeting 24-HMB guidelines. Values
866 aren (wt%), N represents unweighted sample counts and wt% is weighted sample sizes. PA =
867  physical activity; ST = screen time. PS: 575 (37.22%) met none of the 24-HMB guidelines

868
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869
870  Figure 2: Associations of meeting 24-h movement behavior guidelines with academic engagement,

871  psychological and cognitive function among children and adolescents with internalizing problems
872  “ns” represents no significant “+” represents a positive correlation, “-” represents a negative

873  correlation.
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