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Background: Since the onset of the COVID-19 pandemic, the scientific
community has been concerned about the high rates of psychological distress
among adolescents. The pandemic not only tested adolescents’ adaptation,
but also disrupted key areas of their development. This demonstrates the need
to study their psychological adjustment over time during this critical period to
better guide services.

Objective: This study sought to explore the extent to which physical activity and
its association with self-esteem in the first months of the pandemic impacted
adolescents’ psychological distress, six months later.

Methods: Two hundred and ninety-four adolescents (73% girls) between the
ages of 12 and 17 participated in a longitudinal study launched at the start of
the COVID-19 pandemic. The number of hours spent engaging in physical
activity (HPA) in the past week and self-esteem were measured at Time 1
(T1; summer 2020). Psychological distress was measured at T1 and Time 2
(T2; winter 2021).

Results: More HPA in the past week were related to greater self-esteem at T1.
Greater self-esteem at T1 was related to lower psychological distress, six
months later (T2). Lastly, HPA in the past week was not directly linked to
psychological distress at T2, which confirms a fully indirect model.
Conclusion: Results suggest that physical activity is a key factor in promoting
better mental health adjustment through its benefits in terms of self-esteem,
even during times of turmoil. Findings reinforce the recommendation of
promoting the practice of sports and athletic activity in difficult times.
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1 Introduction

The onset of the COVID-19 pandemic in 2020 launched global concern regarding the
high rates of psychological distress among adolescents throughout the scientific
community. While adolescent mental health was already of great interest long before
the COVID-19 pandemic (1-3), the context of this global health crisis exacerbated its
relevance. Indeed, due to the restrictive health measures implemented, social contacts
were greatly reduced, testing adolescents’ ability to adapt and challenging their psycho-
emotional development (4-6). Considering this situation, researchers quickly recognized
the necessity to better understand the potential short, mid, and long-term consequences
of the COVID-19 pandemic on youth mental health to mitigate its negative impacts (7).
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Exercise is known to reduce anxiety and stress symptoms (8, 9),
psychological difficulties (10-13) as well as diminish symptoms of
(14-16). Coté (17)  have
investigated the effects of physical activity on the development of

depression and Fraser-Thomas
young people in general. The most frequent benefit of physical
activity is undoubtedly in the area of physical health (lifestyle
habits, cardiovascular health, body weight, muscular strength and
flexibility, etc.) (17, 18). Sports and physical activity also boost
self-esteem and reduce stress, contributing to young people’s
well-being  (17). A
longitudinal study comparing inactive, beginner, and active

emotional development and general
individuals found that regular physical activity was positively
associated with higher levels of happiness, self-esteem, and life
satisfaction (19). Among adolescents, participation in sports and
the development of athletic skills have been associated with lower
levels of depression (20, 21) and decreased risks of depression
and suicidal ideation, notably through improved self-esteem (22).
Moreover, a study has shown that, among young adults,
maintaining a daily routine and engaging in physical or sport
activities were among the coping strategies associated with lower
distress during the COVID-19 pandemic (23).

The links between physical activity interventions and mental
health (24, 25) as well as psychosocial adjustment (externalizing
problems, internalizing problems, self-concept, academic
achievement, mental health disorders) (26, 27) are therefore well
established, beyond the scope of the COVID-19 pandemic. To this
end, the World Health Organization (WHO; 28) recommends that
adolescents engage in moderate aerobic physical activity for an
average of 60 min per day (7 hours a week). Yet, leisure-related
physical activity among adolescents aged 12-17 years of age fell
from an average of 27 min a day in 2018 to 20.3 min a day in
2020, equivalent to 3.15h a week in 2018 and 2.4h a week in
2020, well below the WHO recommendations (29). Indeed,
research suggests that physical activity (activity time per week)
among adolescents decreased, and sedentariness increased during
the COVID-19 pandemic in relation to the health measures
imposed (30). Although physical activity is recognized as beneficial
for one’s mental health, findings from the literature are
nonetheless divided on dose and intensity required to obtain the
associated benefits. Indeed, it is possible that when an individual
reaches a certain level of physical activity in terms of performance
requirements and time devoted to practice (e.g., recreational,
competitive or elite sport), mental health benefits diminish as the
pressure to perform increases (31, 32). The present study focuses
on recreational participation in physical activities and sports.

A literature review conducted in the early months of the
COVID-19 pandemic (12) and including 21 studies found that
people who engaged in regular physical activity, in terms of
duration and frequency, had fewer symptoms of depression and
anxiety. This is also the conclusion reached by a review of the
literature on the links between physical activity and mental
health during the COVID-19 pandemic, which included 23
studies conducted in China in 2020 and 2021 (33). For
adolescents specifically (13-18 years), a literature review (34)
examined changes in physical activity after the onset of the
COVID-19 pandemic and their impact on well-being. Combining
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15 studies, the authors concluded that greater physical activity
was associated with greater well-being, altered eating habits and
free time, and an increase in obesity and internalizing symptoms
(including anxiety and depression). Another recent literature
review (35), based on 14 studies, reported on the links between
physical activity and psychological or behavioral problems in
children and adolescents during the COVID-19. Overall, a
significant protective effect of physical activity was found on
depression, anxiety, stress, mood problems, and behavioral
problems such as irritability, problems with friends, conduct
problems, hyperactivity or inattention, and prosocial behaviors.

In the same vein, an initial study by our research team found that
adolescents who continued to engage in physical activity in the early
months of the COVID-19 pandemic were less likely to experience
psychological distress compared to those who stopped their activities
(36). This is consistent with the results of a study conducted in
Brazil during the early months of the COVID-19 pandemic. The
authors reported that physical activity (more than 30 min of
moderate activity or more than 15 min of vigorous activity per day)
was associated with less symptoms of depression and anxiety,
whereas a sedentary lifestyle (sitting more than 10h a day) was
associated with more symptoms of depression and anxiety (37).
A Chinese study (38) also found a link between higher levels of
physical activity in the past 7 days and more positive mood scores
(less tension, depression, anger, fatigue, and confusion and more
vigor and self-esteem) in adolescents during the COVID-19 pandemic.

While these studies add significantly to our understanding of
the benefits of physical activity during the COVID-19 pandemic,
their findings are mostly cross-sectional such that the effects of
physical activity on adolescents’ mental health over time during
the pandemic are scarce. Assessing the effects of physical activity
on young people’s mental health six months following the onset
of the COVID-19 pandemic is particularly pertinent as the
uncertainty related to this unprecedent crisis and associated
restrictions persisted and even spiked in certain regions, namely
Quebec. As such, it is imperative that further research shed light
on the factors that protect against worsening distress over time.

To this end, a Canadian study (39) with four measurement times
from April 2020 (T1) to summer 2021 (T4) found that higher levels
of vigorous activity across the COVID-19 pandemic (averaged across
the four time points) was a significant negative predictor of
depression, as well as anxiety, at T4. Higher activity levels also
promoted greater self-esteem at T4. Though Covid-19 related
stress at T1 predicted greater feelings of loneliness, depression,
anxiety and lower self-esteem at T4, adolescents’ engagement in
physical activity buffered against anxiety and was related to greater
self-esteem at T4. In addition to shedding light on the longitudinal
association between physical activity and psychological adjustment
during the COVID-19 pandemic, the findings also underscore the
benefits of physical activity on self-esteem.

In general, self-esteem is recognized as a protective factor
against psychological distress (40) and can be promoted by sport
31). A study from the United Kingdom
reported on the protective effect of physical activity on perceived

participation (22,

stress through self-esteem as a mediating variable (38). The
practice of physical activity was found to be positively related to
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better self-esteem, which in turn was associated with less perceived
stress and less anxiety and depression (41). An additional study
(39) also put forward this association between sports practice
and lower depression in 14- and 15-year-old adolescents through
greater self-esteem. These findings support that physical activity
may be indirectly related to perceived stress, and anxiety/
depressive symptoms through self-esteem.

Overall, previous research supports that physical activity is related to
greater mental health and self-esteem and that these associations held
true during the COVID-19 pandemic. Yet, findings rely largely on
concurrent data, and none assess the effects of greater physical activity
at the start of the pandemic on later psychological distress, controlling
for initial levels of distress. Moreover, while some research suggests a
potential mechanism through self-esteem (22, 41, 42), none of these
have investigated these associations using a longitudinal design. Does
increased physical activity contribute to a reduction in psychological
distress throughout the COVID-19 pandemic? Is self-esteem a
potential underlying mechanism in this relationship? The following
study aims to shed light on these important questions.

1.1 Objectives

The first aim of this paper is to explore the extent to which
physical activity and self-esteem in the first months of the
COVID-19 pandemic are related to adolescents’ psychological
distress six months later, while controlling for initial levels of
distress at the start of the pandemic. The second aim is to
explore the possible indirect role of self-esteem in the expected
lower

association between greater physical

psychological distress, while controlling for initial distress.

activity and

2 Method
2.1 Recruitment

Adolescents were recruited between June and August 2020 via
social media (Facebook, Instagram) posts and invited to participate
in an online study seeking to better understand youth experiences
during the COVID-19 pandemic. The link to access the
questionnaire was available on the study’s Facebook page, published
on the researchers’ university website. Facebook advertisements
were purchased to increase the study’s visibility among adolescents
between the ages of 14 and 17 from Quebec. Facebook is a cost-
effective recruitment strategy to promote sample representativity
(43). For those under the age of 14, parents first consented to their
adolescent’s participation and then provided their adolescent’s email
address via an online questionnaire.

Adolescents’ participation in the study was voluntary and
consent was obtained before access to the online survey.
Participants took approximately 45 min to complete the survey,
and those who did were entered into a draw for a chance to win
one of ten 50$ gift cards. The human participant procedures
were reviewed and approved by the ethics committees of the
University of Sherbrooke.
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The first measurement time took place in the summer of 2020
(June - August 2020, Time 1; T1) and the second measurement
time took place in the winter of 2021 (January - March, Time 2;
T2). At TI1, several restrictive health measures were in place,
including the closure of sport and activity centers. Several
schools were also closed from spring 2020 until the end of the
school year, with contact between peers restricted. In winter 2021
(T2), while most students returned to school, older high school
students alternated between in-person and online classes to limit
the spread of the virus. Several restrictions, such as mask wearing
in public places, were also still enforced, further restricting the
possibility of engaging in sport activities. As such, T1 is not a
pre-pandemic measure. It took place after the first few months of
the pandemic, when restrictive measures were very present,
impacting social relations and restricting normal activities. T2
took place when the population had resumed many of its usual
activities, but with numerous restrictive measures still in place.

2.2 Participants

This study included 294 adolescents (73% girls) between the ages
of 12 and 17 (M =15.3, SD =1.35), recruited from the province of
Quebec, Canada. Participants varied with respect to educational
level at T1 with 1% at elementary school, 81% attending high
school, 16% enrolled in college and 2% completing a professional
training program or employed. Most adolescents lived in a two-
parent household (65% report living with two parents; 12% with a
parent and a step-parent; 18% with a single parent; and the
remainder report another family arrangement as with a guardian,
a foster family or in an apartment). Among the 294 participants,
71 took part in T2 and 53 had complete data on all study
variables (see Table 1 for information on the N per variable and
section 2.4.1 on missing data).

2.3 Instruments

The number of hours spent engaging in physical activity over
the past 7 days (Hours spent engaging in physical activities; HPA)

TABLE 1 Descriptive statistics (N = 294).

Descriptive statistics N = 294

Continuous variables

Age (years) 294 17.00 | 15.30 | 1.30
Hours spent engaging in physical 249 1.00 7.00 | 420 | 1.90
activities in the last week (T1)

Self-esteem (T1) 155 3.00 | 30.00  19.30 | 5.90
Psychological Distress (T1) 213 0.00 | 100.0 | 41.10 | 24.40
Psychological Distress (T2) 71 0.00 | 9520 | 43.00 | 25.70
Categorical variables N (%)

Gender (girls) 214 (73)

Complete cases N 53

N =sample; Min.: minimum; Max.: maximum; M: mean; SD: standard deviation.
Little test MCAR: y%(28) =28.611, p = 0.432.
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was measured at T1 (summer 2020) using a single question from
the Quebec health surveys: “In the last week (total of the last 7
days), how much time did you spend on physical activities or
sports (running, cycling, scootering, ball, etc.)?”

The Rosenberg Self-Esteem Scale (RSES) (44, 45), administered
at T1, consists of 10 items assessing a person’s judgment of his or
her self-worth. Participants responded on a 4-point Likert scale
ranging from 1 (strongly disagree) to 4 (strongly agree), where a
higher score reflects greater self-esteem. This scale is the most
widely used to assess self-esteem.

The Psychological Distress Index (PDI) (46), administered at T1
and T2, is a 14-item questionnaire used in Quebec health surveys
(47) assessing symptoms of depression, anxiety, irritability, and
cognitive problems over the past two weeks. A total distress score
is also provided. Participants rated each item on a 4-point Likert
scale ranging from (0) “never” to (3) “very often”. Items include
statements such as “Did you feel lonely”, “Did you feel any fears
or worries”, “Did you feel easily upset or irritated”. A higher
score reflects greater psychological distress. The IDP has excellent
psychometric qualities (alphas for the current study=.87, .87,
.82, .79, respectively) and has been extensively used in studies
evaluating psychological distress in adolescents as well as in
surveys on the health of high school students from Quebec (47).

2.4 Analyses

An indirect effect model was carried out using Mplus software
version 8.10 (48) via a structural equation modeling (SEM)'. The
model, presented in Figure 1, was estimated on the entire sample
(N'=294) using the full information maximum likelihood (FIML)
technique. This technique requires missing data to be at least
missing at random (MAR) and enables model parameters to be
estimated using the maximum information available between the
variables under study. The maximum likelihood with robust
standard errors (MLR) estimator was used to estimate model
parameters. The indirect effect is considered significant if its
bias-corrected bootstrap confidence interval does not include the
value “0”. To select covariates, a p-value cut-off point of .25 was
used (49). This decision is guided by previous work showing that
a p-value cut-off of .05 may fail to identify important covariates
(50, 51). Indeed, variables showing weak bivariate associations

As the relation between HPA and psychological distress at T2 was not
significant, the mediation hypothesis was not feasible. Although closely
related, an indirect model is not the same as a mediation model. An
indirect model is a statistical model that shows that an independent
variable influences a dependent variable in a non-direct way, i.e. via one or
more intermediate variables. While mediation is a more specific concept,
referring to a causal process in which a significant relationship between
two variables (X and Y) is explained by a third variable in between, every
mediation model is an indirect model, but the reverse is not always true,

as in the present study
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with outcomes may become significant predictors when
considered in a more comprehensive model (49). The final

model will respect the usual fit indices (52).

2.4.1 Missing data

In the sample, 82% of participants had at least one missing data
item on the model variables. In accordance with other longitudinal
studies with a large number of missing data (53), additional
statistical steps were taken in the present study to test the
robustness of the model. Specifically, to assess the robustness of
the FIML estimation for accounting missing data, we conducted
analyses on complete cases only (N=53) and using multiple
imputation for missing data replacement. Imputation was carried
out using the variables under study, 100 imputed data sets were
estimated with software Mplus using weighted least squares with
mean and variance adjusted (WLSMV) estimator. The model was
then estimated on pooled imputed data sets, combining results
from several imputed data sets to obtain parameter estimates and
final inferences. All three strategies provide a similar pattern of
results. Little’s test was non-significant, which showed no
evidence against data missing completely at Random (MCAR)
(¥*(28)=28.611, p=0.432), making FIML an appropriate
strategy. Results based on complete cases and using multiple
imputation are presented in the Supplement Material (Table 3).

3 Results

Descriptive statistics of main study variables are presented in
Table 1. On average, adolescents were physically active for 4.2 h
(SD=1.9) over the last 7 days, representing less than an hour a
day. Bivariate correlation coefficients (Table 2) show that greater
HPA, as measured by time spent engaging in physical activity
over the past week, was associated with greater self-esteem.
Greater self-esteem at T1 was related to less psychological
distress at T2. The bivariate correlation between HPA and
psychological distress at T2 was non-significant, which justifies
testing an indirect link rather than mediation. Considering that
psychological distress at T1, gender and age were associated to
psychological distress at T2 with a p-value<.25, they were
considered as covariables in the tested model (see Figure 1).

Results confirmed an indirect mechanism (95% C.I.: —2.281,
—0.179). Namely, greater hours engaging in physical activity in
the past week was related to greater self-esteem at T1 (b=0.628,
se =0.229, p =0.006, §=0.203). Greater self-esteem at T1 was in
turn related to lower psychological distress at T2 (b=—-1.499,
se =0.475, p=0.002, f=—0.335), controlling for distress at T1,
gender, and age. Lastly, hours spent engaging in physical activity
in the past week were not linked to psychological distress at T2
(b=1.410, se=1.305, p=0.280, =0.101), controlling for distress
at T1, gender, and age. The results thus support that physical
activity is indirectly and negatively associated to psychological
distress through self-esteem. We also tested the model without
controlling for distress at T1 and the results provide a similar
patten of results (Supplement Material Table 4).
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Bias-corrected bootstrap
95% CI for indirect effect

Self-esteem T1

Lower 2.5% | Upper 2.5%
-0.179

-2.281

B= .203*

Hours spent
engaging in
physical activities

FIGURE 1

significant difference. **p < .01, *p <.05.

Controlling for
psychological distress T1

B =101

Indirect effect between hours spent engaging in physical activity and psychological distress through self-esteem. Asterisk (*) data labels indicate

Psychological
distress T2

Controlling for age, gender
and psychological distress T1

TABLE 2 Correlations between age, gender, hours spent engaging in
physical activities, self-esteem and psychological distress.

1. Age -

2. Gender (0 = Girl, 1=Boy) —.056 -

3. Hours spent engaging in =203 | —.092* -

physical activities

4. Self-Esteem (T1) —.024 | —=.199** | .259*** -

5. Psychological distress (T1) A17% | 262900 | — 1474 | —.538**% -

6. Psychological distress (T2) .180* .203* —.074 | —.543%% | 6454+

Asterisk (*) data labels indicate significant difference. *p < .25, **p <.05, **p < .01.

4 Discussion

These results support that the practice of physical activity
during a time of tumult can have mid-term benefits on mental
health adjustment through its association with self-esteem.
Indeed, the practice of physical activity in the past 7 days was
linked to greater self-esteem among the participants of the study.
Participants with greater self-esteem then presented fewer
symptoms of psychological distress 6 months later, during the
prolonged period of uncertainty of the COVID-19 pandemic.

Using a longitudinal design, the present findings significantly
add to the breath of empirical evidence supporting the benefits of
physical activity in promoting greater psychological adjustment
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over time though greater self-esteem. These findings echo the
assumption that physical activity and participation in sports are
minimally invasive “interventions” (54) with significant benefits
for mental health. As such, ensuring that youth maintain
opportunities to participate in sports and physical activities by
providing continued access to sports facilities and adapting, if
necessary, organized sports activities during times of crisis and
turmoil seems essential as it is linked to their self-esteem, a factor
associated with better psychological health over time (22, 31, 32,
42). Physical activity can lead to a sense of personal competence
and gratification through physical achievement, which in turn can
boost self-esteem. In turn, improved self-esteem can ensures better
mental health; a feeling of being a person who has something
worthwhile to offer could protect against mental health difficulties.

A major contribution of the present study is the assessment of
the indirect model while controlling for initial distress among
This
contribution of physical activity and self-esteem in predicting

adolescents. allowed us to tease apart the unique
psychological distress over time. Nonetheless, certain limitations
need to be addressed. First, nearly two-thirds of participants were
girls, limiting the generalizability of study findings. This
over-representation of adolescent girls is typical within social-
sciences research and has also been the case in studies using
social medias as a recruitment strategy (55). Nevertheless, we
controlled for gender in the present study, mitigating the impact

of this limitation. Additional research with a larger sample and

frontiersin.org


https://doi.org/10.3389/frcha.2024.1503920
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Laurier et al.

greater gender representation is warranted to replicate the present
findings. Participant attrition was also high in the present study.
However, the two additional analyses carried out (results based
on complete cases and using multiple imputation) add to the
validity of the identified indirect model. Moreover, given that
physical activity and self-esteem were assessed at the same time
point, we cannot speak to the causal nature of their association.
Indeed, while the practice of physical activity is linked to better
self-esteem, the opposite may also true: young people with higher
self-esteem could be more likely to engage in physical activity.
We also know that adolescents with good mental health are
more likely to engage in physical activity, supporting the idea of
a bidirectional relationship between physical activity and mental
health (56). The present findings must therefore be interpreted
with caution and within the scope of the study’s design.
Nevertheless, the findings highlight how physical activity and
self-esteem are related to psychological distress, with physical
activity influencing distress indirectly through self-esteem.

To conclude, while this study was conducted during the
COVID-19 pandemic, findings are relevant beyond this scope as
lessons learned can be reinvested in a host of other potential
situations of adversity faced by young people (e.g., school violence,
family displacement due to natural disasters, etc.) to ensure their
psychological well-being. For instance, schools and community
centers should encourage youth engagement in physical activity as
it is beneficial for physical and psychological health, in both the
short and longer term. Decision makers should also invest in
providing youth with green spaces to promote outdoor activities,
should future social distancing measures be implemented.

Data availability statement

The datasets presented in this article are not readily available
because in compliance with the requirements related to the
consent obtained and approved by the research ethics committee
and the sensitive nature of the information provided by the
participants, the data are not available. Requests to access the
datasets should be directed to catherine.laurier@usherbrooke.ca.

Ethics statement

The studies involving humans were approved by Comité
d’éthique de la recherche (CER) Education et sciences sociales de
I'Université de Sherbrooke.
with  the
requirements. The participants provided their written informed

The studies were conducted in

accordance local legislation and institutional

consent to participate in this study.

References

1. Kieling C, Baker-Henningham H, Belfer M, Conti G, Ertem I, Omigbodun O,
et al. Child and adolescent mental health worldwide: evidence for action. Lancet.
(2011) 378(9801):1515-25. doi: 10.1016/S0140-6736(11)60827-1

Frontiers in Child and Adolescent Psychiatry

10.3389/frcha.2024.1503920

Author contributions

CL: Conceptualization, Formal Analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources,
Supervision, Writing — original draft, Writing - review & editing.
KP: Conceptualization, Funding acquisition, Investigation,
Methodology, Project administration, Supervision, Writing -
review & editing. VJ: Resources, Writing — review & editing. AL:
Data curation, Formal Analysis, Methodology, Software, Writing —

review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This project
was made possible by seed funding from the first two authors.

Acknowledgments

The authors would like to thank the participants in this research
project, as well as all those who helped in the recruitment strategy
during the first months of the COVID-19 pandemic.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

2. Belfer ML. Child and adolescent mental disorders: the magnitude of the problem
across the globe. J Child Psychol Psychiatry. (2008) 49(3):226-36. doi: 10.1111/j.1469-
7610.2007.01855.x

frontiersin.org


mailto:catherine.laurier@usherbrooke.ca
https://doi.org/10.1016/S0140-6736(11)60827-1
https://doi.org/10.1111/j.1469-7610.2007.01855.x
https://doi.org/10.1111/j.1469-7610.2007.01855.x
https://doi.org/10.3389/frcha.2024.1503920
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Laurier et al.

3. Silva SA, Silva SU, Ronca DB, Gongalves VSS, Dutra ES, Carvalho KMB.
Common mental disorders prevalence in adolescents: a systematic review and meta-
analyses. PLoS One. (2020) 15(4):e0232007. doi: 10.1371/journal.pone.0232007

4. de Aratjo LA, Veloso CF, Souza MC, de Azevedo JMC, Tarro G. The potential
impact of the COVID-19 pandemic on child growth and development: a systematic
review. J Pediatr (Rio ]). (2021) 97(4):369-77. doi: 10.1016/j.jped.2020.08.008

5. Panchal U, Salazar de Pablo G, Franco M, Moreno C, Parellada M, Arango C,
et al. The impact of COVID-19 lockdown on child and adolescent mental health:
systematic review. Eur Child Adolesc Psychiatry. (2023) 32(7):1151-77. doi: 10.1007/
s00787-021-01856-w

6. Moore SA, Faulkner G, Rhodes RE, Vanderloo LM, Ferguson L], Guerrero MD,
et al. Few Canadian children and youth were meeting the 24-hour movement
behaviour guidelines 6-months into the COVID-19 pandemic: follow-up from a
national study. Appl Physiol Nutr Metab. (2021) 46(10):1225-40. doi: 10.1139/
apnm-2021-0354

7. Courtney D, Watson P, Battaglia M, Mulsant BH, Szatmari P. COVID-19 impacts
on child and youth anxiety and depression: challenges and opportunities. Can
] Psychiatry Rev Can Psychiatr. (2020) 65(10):688-91. doi: 10.1177/0706743720935646

8. Stubbs B, Vancampfort D, Rosenbaum S, Firth J, Cosco T, Veronese N, et al. An
examination of the anxiolytic effects of exercise for people with anxiety and stress-
related disorders: a meta-analysis - ScienceDirect. Psychiatry Res. (2017) 249:102-8.
doi: 10.1016/}.psychres.2016.12.020

9. Wipfli BM, Rethorst CD, Landers DM. The anxiolytic effects of exercise: a meta-
analysis of randomized trials and dose-response analysis. J Sport Exerc Psychol. (2008)
30(4):392-410. doi: 10.1123/jsep.30.4.392

10. Grasdalsmoen M, Eriksen HR, Lonning K], Sivertsen B. Physical exercise, mental
health problems, and suicide attempts in university students. BMC Psychiatry. (2020)
20(1):1-11. doi: 10.1186/s12888-020-02583-3

11. Penedo FJ, Dahn JR. Exercise and well-being: a review of mental and physical
health benefits associated with physical activity. Curr Opin Psychiatry. (2005) 18
(2):189-93. doi: 10.1097/00001504-200503000-00013

12. Wolf S, Seiffer B, Zeibig JM, Welkerling J, Brokmeier L, Atrott B, et al. Is
physical activity associated with less depression and anxiety during the COVID-19
pandemic? A rapid systematic review. Sports Med Auckl NZ. (2021) 51(8):1771-83.
doi: 10.1007/s40279-021-01468-z

13. Zschucke E, Gaudlitz K, Strohle A. Exercise and physical activity in mental
disorders: clinical and experimental evidence. ] Prev Med Pub Health. (2013)
46:12-21. doi: 10.3961/jpmph.2013.46.5.512

14. Wang D, Wang Y, Wang Y, Li R, Zhou C. Impact of physical exercise on
substance use disorders: a meta-analysis. PLoS One. (2014) 9(10):e110728. doi: 10.
1371/journal.pone.0110728

15. Biddle SJH, Ciaccioni S, Thomas G, Vergeer L. Physical activity and mental
health in children and adolescents: an updated review of reviews and an analysis of
causality. Psychol Sport Exerc. (2019) 42:146-55. doi: 10.1016/j.psychsport.2018.08.011

16. Parker AG, Hetrick SE, Jorm AF, Mackinnon AJ, McGorry PD, Yung AR, et al.
The effectiveness of simple psychological and physical activity interventions for high
prevalence mental health problems in young people: a factorial randomised controlled
trial. J Affect Disord. (2016) 196:200-9. doi: 10.1016/j.jad.2016.02.043

17. Coté ], Fraser-Thomas J. Youth involvement in sport. In: Crocker PRE, editor.
Sport Psychology: A Canadian Perspective. Toronto: Pearson Prentice Hall (2007).
p. 266-94.

18. Aaron DJ, Dearwater SR, Anderson R, Olsen T, Kriska AM, Laporte RE. Physical
activity and the initiation of high-risk health behaviors in adolescents. Med Sci Sports
Exerc. (1995) 27(12):1639-45. doi: 10.1249/00005768-199512000-00010

19. Iwon K, Skibinska J, Jasielska D, Kalwarczyk S. Elevating subjective well-being
through physical exercises: an intervention study. Front Psychol. (2021) 12:702678.
doi: 10.3389/fpsyg.2021.702678

20. Kirkcaldy BD, Shephard RJ, Siefen RG. The relationship between physical
activity and self-image and problem behaviour among adolescents. Soc Psychiatry
Psychiatr Epidemiol. (2002) 37(11):544-50. doi: 10.1007/s00127-002-0554-7

21. Sanders CE, Field TM, Diego M, Kaplan M. Moderate involvement in sports is
related to lower depression levels among adolescents. Adolescence. (2000) 35
(140):793-7.

22. Babiss LA, Gangwisch JE. Sports participation as a protective factor against
depression and suicidal ideation in adolescents as mediated by self-esteem and
social support. J Dev Behav Pediatr. (2009) 30(5):376-84. doi: 10.1097/DBP.
0b013e3181b33659

23. Shanahan L, Steinhoff A, Bechtiger L, Murray AL, Nivette A, Hepp U, et al.
Emotional distress in young adults during the COVID-19 pandemic: evidence of
risk and resilience from a longitudinal cohort study. Psychol Med. (2020) 52
(5):1-10. doi: 10.1017/S003329172000241X

24. Fromel K, Safaf M, Jakubec L, Groffik D, Zatka R. Academic stress and physical
activity in adolescents. BioMed Res Int. (2020) 2020:4696592. doi: 10.1155/2020/4696592

25. He JP, Paksarian D, Merikangas KR. Physical activity and mental disorder
among adolescents in the United States. ] Adolesc Health Off Publ Soc Adolesc Med.
(2018) 63(5):628-35. doi: 10.1016/j.jadohealth.2018.05.030

Frontiers in Child and Adolescent Psychiatry

10.3389/frcha.2024.1503920

26. Spruit A, Assink M, van Vugt E, van der Put C, Stams GJ. The effects of physical
activity interventions on psychosocial outcomes in adolescents: a meta-analytic review.
Clin Psychol Rev. (2016) 45:56-71. doi: 10.1016/j.cpr.2016.03.006

27. Strohle A, Hofler M, Pfister H, Miiller AG, Hoyer J, Wittchen HU, et al.
Physical activity and prevalence and incidence of mental disorders in adolescents
and young adults. Psychol Med. (2007) 37(11):1657-66. doi: 10.1017/
$003329170700089X

28. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al.
World health organization 2020 guidelines on physical activity and sedentary
behaviour. Br ] Sports Med. (2020) 54(24):1451-62. doi: 10.1136/bjsports-2020-102955

29. Statistics Canada. Les jeunes — mais non les adultes — ont déclaré avoir fait moins
d’activité physique pendant la pandémie de COVID-19. Ottawa: Statistics Canada
(2021).  https://www150.statcan.gc.ca/n1/fr/pub/45-28-0001/2021001/article/00032-
fra.pdf?st=SJnCUTTS (cited 2024 November 14).

30. Moore SA, Faulkner G, Rhodes RE, Brussoni M, Chulak-Bozzer T, Ferguson LJ,
et al. Impact of the COVID-19 virus outbreak on movement and play behaviours of
Canadian children and youth: a national survey. Int ] Behav Nutr Phys Act. (2020)
17(1):85. doi: 10.1186/s12966-020-00987-8

31. Eather N, Wade L, Pankowiak A, Eime R. The impact of sports participation on
mental health and social outcomes in adults: a systematic review and the ‘Mental
Health through Sport’ conceptual model. Syst Rev. (2023) 12(1):102. doi: 10.1186/
s13643-023-02264-8

32. Labossi¢re S. Mécanismes impliqués dans le développement de symptomes et
troubles de santé mentale chez les athlétes universitaires (dissertation). Sherbrooke:
Université de Sherbrooke (2024). https://savoirs.usherbrooke.ca/handle/11143/21492
(cited 2024 July 30).

33. Li M, Wang Q, Shen J. The impact of physical activity on mental health during
COVID-19 pandemic in China: a systematic review. Int ] Environ Res Public Health.
(2022) 19(11):6584. doi: 10.3390/ijerph19116584

34. Bozzola E, Barni S, Ficari A, Villani A. Physical activity in the COVID-19 era
and its impact on adolescents’ well-being. Int | Environ Res Public Health. (2023)
20(4):3275. doi: 10.3390/ijerph20043275

35. Pang JCY, Chan ELS, Lau HMC, Reeves KKL, Chung THY, Hui HWL, et al. The
impacts of physical activity on psychological and behavioral problems, and changes in
physical activity, sleep and quality of life during the COVID-19 pandemic in
preschoolers, children, and adolescents: a systematic review and meta-analysis.
Front Pediatr. (2023) 11:1015943. doi: 10.3389/fped.2023.1015943

36. Laurier C, Pascuzzo K, Beaulieu G. Uncovering the personal and environmental
factors associated with youth mental health during the COVID-19 pandemic: the
pursuit of sports and physical activity as a protective factor. Traumatology
(Tallahass Fla). (2021) 27(4):354-64. doi: 10.1037/trm0000342

37. Schuch FB, Bulzing RA, Meyer ], Vancampfort D, Firth J, Stubbs B, et al.
Associations of moderate to vigorous physical activity and sedentary behavior with
depressive and anxiety symptoms in self-isolating people during the COVID-19
pandemic: a cross-sectional survey in Brazil. Psychiatry Res. (2020) 292:113339.
doi: 10.1016/}.psychres.2020.113339

38. Kang S, Sun Y, Zhang X, Sun F, Wang B, Zhu W. Is physical activity associated
with mental health among Chinese adolescents during isolation in COVID-19
pandemic? ] Epidemiol Glob Health. (2020) 11(1):26-33. doi: 10.2991/jegh.k.200908.
001

39. Ellis WE, Talebi S, Dumas TM, Forbes L. Adolescents’ physical activity and
psychological adjustment across the first year of the COVID-19 pandemic. J Phys
Act Health. (2022) 19(7):481-9. doi: 10.1123/jpah.2022-0018

40. Winarsunu T, Yuniardi MS. The effect of self-esteem group therapy on distress
tolerance of broken home teenagers. J Psychiatry Psychol Res. (2020) 4(3):266-271.

41. Wright LJ, Veldhuijzen van Zanten JJCS, Williams SE. Examining the
associations between physical activity, self-esteem, perceived stress, and internalizing
symptoms among older adolescents. ] Adolesc. (2023) 95(6):1274-87. doi: 10.1002/
jad.12201

42. Bang H, Won D, Park S. School engagement, self-esteem, and depression of
adolescents: the role of sport participation and volunteering activity and gender
differences. Child Youth Serv Rev. (2020) 113:105012. doi: 10.1016/j.childyouth.
2020.105012

43. Whitaker C, Stevelink S, Fear N. The use of Facebook in recruiting participants
for health research purposes: a systematic review. ] Med Internet Res. (2017) 19
(8):1-11. doi: 10.2196/jmir.7071

44. Rosenberg M. Society and the Adolescent Self-Image. Princeton University Press
(1965). Available online at: https://www.degruyter.com/document/doi/10.1515/
9781400876136/html (cited 2024 July 30).

45. Vallieres EF, Vallerand RJ. Traduction et validation canadienne-francaise de
I'Echelle de I'Estime de soi de Rosenberg. [French-Canadian translation and
validation of Rosenberg’s self-esteem scale.]. Int J Psychol. (1990) 25(3):305-16.
doi: 10.1080/00207599008247865

46. Préville M, Boyer R, Potvin L. (1992) Report No.: 7. La détresse psychologique:
détermination de la fiabilité et de la validité de la mesure utilisée dans 'enquéte Santé
Québec, enquéte Santé Québec 1987. Montréal, Québec: Ministére de la Santé et des
Services Sociaux. (Les cahiers de recherche) p. 54.

frontiersin.org


https://doi.org/10.1371/journal.pone.0232007
https://doi.org/10.1016/j.jped.2020.08.008
https://doi.org/10.1007/s00787-021-01856-w
https://doi.org/10.1007/s00787-021-01856-w
https://doi.org/10.1139/apnm-2021-0354
https://doi.org/10.1139/apnm-2021-0354
https://doi.org/10.1177/0706743720935646
https://doi.org/10.1016/j.psychres.2016.12.020
https://doi.org/10.1123/jsep.30.4.392
https://doi.org/10.1186/s12888-020-02583-3
https://doi.org/10.1097/00001504-200503000-00013
https://doi.org/10.1007/s40279-021-01468-z
https://doi.org/10.3961/jpmph.2013.46.S.S12
https://doi.org/10.1371/journal.pone.0110728
https://doi.org/10.1371/journal.pone.0110728
https://doi.org/10.1016/j.psychsport.2018.08.011
https://doi.org/10.1016/j.jad.2016.02.043
https://doi.org/10.1249/00005768-199512000-00010
https://doi.org/10.3389/fpsyg.2021.702678
https://doi.org/10.1007/s00127-002-0554-7
https://doi.org/10.1097/DBP.0b013e3181b33659
https://doi.org/10.1097/DBP.0b013e3181b33659
https://doi.org/10.1017/S003329172000241X
https://doi.org/10.1155/2020/4696592
https://doi.org/10.1016/j.jadohealth.2018.05.030
https://doi.org/10.1016/j.cpr.2016.03.006
https://doi.org/10.1017/S003329170700089X
https://doi.org/10.1017/S003329170700089X
https://doi.org/10.1136/bjsports-2020-102955
https://www150.statcan.gc.ca/n1/fr/pub/45-28-0001/2021001/article/00032-fra.pdf?st=SJnCUTTS
https://www150.statcan.gc.ca/n1/fr/pub/45-28-0001/2021001/article/00032-fra.pdf?st=SJnCUTTS
https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.1186/s13643-023-02264-8
https://doi.org/10.1186/s13643-023-02264-8
https://savoirs.usherbrooke.ca/handle/11143/21492
https://doi.org/10.3390/ijerph19116584
https://doi.org/10.3390/ijerph20043275
https://doi.org/10.3389/fped.2023.1015943
https://doi.org/10.1037/trm0000342
https://doi.org/10.1016/j.psychres.2020.113339
https://doi.org/10.2991/jegh.k.200908.001
https://doi.org/10.2991/jegh.k.200908.001
https://doi.org/10.1123/jpah.2022-0018
https://doi.org/10.1002/jad.12201
https://doi.org/10.1002/jad.12201
https://doi.org/10.1016/j.childyouth.2020.105012
https://doi.org/10.1016/j.childyouth.2020.105012
https://doi.org/10.2196/jmir.7071
https://www.degruyter.com/document/doi/10.1515/9781400876136/html
https://www.degruyter.com/document/doi/10.1515/9781400876136/html
https://doi.org/10.1080/00207599008247865
https://doi.org/10.3389/frcha.2024.1503920
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Laurier et al.

47. Traoré 1, Julien D, Camirand H, Street M-C, Flores J. Enquéte québécoise sur
la santé des jeunes du secondaire 2016-2017: Résultats de la deuxiéme édition.
L’adaptation sociale et la santé mentale des jeunes. Québec: Institut de la statistique
du  Québec, Tome 2 (2018). https://statistique.quebec.ca/fr/fichier/enquete-
quebecoise-sur-la-sante-des-jeunes-du-secondaire-2016-2017-resultats-de-la-deuxieme-
edition-tome-2-ladaptation-sociale-et-la-sante-mentale-des-jeunes.pdf ~ (cited 2024
July 30).

48. Muthén LK, Muthén BO. Mplus software version 8.10. Los Angeles (2023).
https://www.statmodel.com/ (cited 2024 September 28).

49. Hosmer DW Jr, Lemeshow S, Sturdivant RX. Applied Logistic Regression. 3rd ed.
Hoboken, NJ: John Wiley & Sons. (2013). doi: 10.1002/9781118548387

50. Bendel RB, Afifi AA. Comparison of stopping rules in forward « stepwise »
regression. | Am Stat Assoc. (1977) 72(357):46-53. doi: 10.2307/2286904

51. Mickey RM, Greenland S. The impact of confounder selection criteria on effect
estimation. Am ] Epidemiol. (1989) 129(1):125-37. doi: 10.1093/oxfordjournals.aje.
all5101

Frontiers in Child and Adolescent Psychiatry

08

10.3389/frcha.2024.1503920

52. Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure
analysis: conventional criteria versus new alternatives. Struct Equ Modeling. (1999) 6
(1):1-55. doi: 10.1080/10705519909540118

53. Fitzpatrick C, Florit E, Lemieux A, Garon-Carrier G, Mason L. Associations
between preschooler screen time trajectories and executive function. Acad Pediatr.
(2024) 102603. doi: 10.1016/j.acap.2024.102603

54. Dishman RK, Berthoud HR, Booth FW, Cotman CW, Edgerton VR, Fleshner
MR, et al. Neurobiology of exercise. Obes Silver Spring Md. (2006) 14(3):345-56.
doi: 10.1038/0by.2006.46

55. Ashfield S, Donelle L, Smith M, Dubé E, Tryphonopoulos P. Challenges and
opportunities in recruiting research participants using Facebook: lessons learned
from an exemplar study. Can ] Nurs Res. (2024) 56(3):247-56. doi: 10.1177/
08445621231207546

56. Vella SA, Swann C, Allen MS, Schweickle MJ, Magee CA. Bidirectional

associations between sport involvement and mental health in adolescence. Med Sci
Sports Exerc. (2017) 49(4):687-94. doi: 10.1249/MSS.0000000000001142

frontiersin.org


https://statistique.quebec.ca/fr/fichier/enquete-quebecoise-sur-la-sante-des-jeunes-du-secondaire-2016-2017-resultats-de-la-deuxieme-edition-tome-2-ladaptation-sociale-et-la-sante-mentale-des-jeunes.pdf
https://statistique.quebec.ca/fr/fichier/enquete-quebecoise-sur-la-sante-des-jeunes-du-secondaire-2016-2017-resultats-de-la-deuxieme-edition-tome-2-ladaptation-sociale-et-la-sante-mentale-des-jeunes.pdf
https://statistique.quebec.ca/fr/fichier/enquete-quebecoise-sur-la-sante-des-jeunes-du-secondaire-2016-2017-resultats-de-la-deuxieme-edition-tome-2-ladaptation-sociale-et-la-sante-mentale-des-jeunes.pdf
https://www.statmodel.com/
https://doi.org/10.1002/9781118548387
https://doi.org/10.2307/2286904
https://doi.org/10.1093/oxfordjournals.aje.a115101
https://doi.org/10.1093/oxfordjournals.aje.a115101
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1016/j.acap.2024.102603
https://doi.org/10.1038/oby.2006.46
https://doi.org/10.1177/08445621231207546
https://doi.org/10.1177/08445621231207546
https://doi.org/10.1249/MSS.0000000000001142
https://doi.org/10.3389/frcha.2024.1503920
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

	Physical activity and its benefits on adolescents' mental health through self-esteem
	Introduction
	Objectives

	Method
	Recruitment
	Participants
	Instruments
	Analyses
	Missing data


	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


