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ARTICLE INFO ABSTRACT

Keywords: The mental health of adolescents is a priority for successful development. Physical activity (PA) and exercise can

Sport have effects on the mental health of adolescents. This review analysed the effect that physical exercise in-

Psychology terventions can have on the mental health of healthy adolescents between 10 and 19 years of age. The search was

Youth . carried out in four databases. PubMed, Web of Science, Scopus and SportDiscuss, were searched up to December

Mental wellbeing . . . . .

Physical exercise intervention 31, 2022, following the general model. Eleven studies were selected, with a total sample of 23 681 participants in
2 435 studies published in the last 5 years involving healthy adolescents. The search process and review of the
articles was performed by independent expert investigators. The risk-of-bias and the methodological quality were
analysed using the Cochrane scale. The limited and heterogeneous studies conducted so far do not clearly
establish the benefits of PA on adolescents’ mental health. However, some PA interventions seem to improve
subjective well-being, self-esteem, physical and mental well-being, anxiety, lifestyle, emotional intelligence,
depressive mood, and perceived benefit and confidence in healthy adolescents. It is important to design an
effective and appropriate physical exercise programme that can be implemented for adolescents to achieve sig-
nificant effects on their mental health. Studies that did not implement an appropriate exercise program with
improvements in adolescent physical fitness showed no changes in psychological variables. Further research is
needed to clearly establish that exercise programmes have positive effects on mental health in healthy
adolescents.

This phase of life encompasses elements of biological growth and
important social role transitions.® The multitude of changes that ado-
lescents experience can lead to significant vulnerability to developing
mental health problems.” This already worrying situation has been

1. Introduction

The current definition of health was formulated by the World Health
Organisation (WHO) in 1948 and describes health as “a state of complete
physical, mental and social well-being and not merely the absence of
disease or infirmity”.! Therefore, as supported by a large number of in-
stitutions, there cannot be good health without good mental health.>®
The mental health of an individual is the result of a complex process in
which various economic, social, biological, political and environmental
factors interact to generate the conditions that allow for the full devel-
opment of human capacities and potentialities. This must be understood
from a multidisciplinary perspective, in an inclusive manner without
restrictions or cultural limitations.*”

Adolescence is the period of life between childhood and adulthood.

aggravated in recent years by the effects and risks caused by the use of
new technologies and physical inactivity,'® as well as the SARS-CoV-2
pandemic'’: situations of prolonged isolation, cancellation of sports
and activities, distance learning challenges, loneliness, family breakdown
and destabilisation, and illness of the adolescent or their family members
and even death.'? In several studies, approximately 30% of parents re-
ported that their children's mental and emotional health had been
affected,>'* highlighting problems of anxiety and depression,'® and
increased suicidal ideation and behaviour.®

The current adolescent mental health landscape was analysed
through The State of the World's Children 2021 Report on mental health
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Abbreviations:

5F-Well-Being-AF Five-Factor Well-Being Scale: Adolescent Form

ALPS Adolescent Lifestyle Scale

ASK Active Smarter Kids

BDI Beck Depression Inventory

BMI Body Mass Index

BREQ Behavioural Regulations in Exercise Questionnaire
C-RCT  Cluster-Randomised Controlled Trial

CBTT Corsi Block Tapping Test

CG Control Group

COVID-19 SARS-CoV-2 Disease or Coronavirus Disease 2019

DLST Digit Letter Substitution Test

HIIT High-Intensity Interval Training

1G Intervention Group

IPAQ International Physical Activity Questionnaire

LTEQ Leisure Time Exercise Questionnaire

PA Physical Activity

PACER Progressive Aerobic Cardiovascular and Endurance Run

PAPS Physical Activity Promotion System

PE Physical Education

PSDQ Physical Self-Description Questionnaire

RCT Randomised Controlled Trials

RSE Rosenberg Self-Esteem Scale

RSPM Raven's Standard Progressive Matrices

SAS-A  Social Anxiety Scale for Adolescents

SCWT  Stroop Color and Word Test

SD Standard Deviation

SDQ Strengths and Difficulties Questionnaire

SF-12v2 Self-Report Questionnaire

SLCT Six Letter Cancellation Test

STAI State-Trait Anxiety Inventory

STAIC  State-Trait Anxiety Inventory for Children

TEIQue-ASF Trait Emotional Intelligence Questionnaire for
Adolescents

TMT Trail Making Test

WHO World Health Organisation

in young people.'” Globally, it is estimated that more than 13% of ado-
lescents aged 1019 years are living with a WHO-defined mental disorder
diagnosis. This represents a staggering 86 million adolescents aged
15-19 and 80 million adolescents aged 10-14. Depression and anxiety
comprise 40% of the total of these diagnosed disorders. The others
include attention deficit disorder, hyperactivity, conduct disorders, in-
tellectual disability, bipolar disorder, eating disorders, autism, schizo-
phrenia and all clusters of personality disorders. In Europe, 16.3% of
10-19-year-olds have mental health problems, and suicide is one of the
leading causes of death among 15-19 year - olds.'”'®

Physical activity (PA) and exercise appear to have positive outcomes
on mental health,'®?* although wide discrepancies are reported about
their effects.>>%° Studies analysing the effect of PA and exercise pro-
grammes on mental health in healthy adolescents typically use in-
terventions based on sports programmes, aerobic training or
high-intensity work (e.g. “Tabata”, a type of high-intensity interval
training and rest) developed in educational institutions. The variables
analysed in these types of studies include the effects of PA and exercise
programs on subjective well-being, self-esteem, physical and mental
well-being, anxiety, lifestyle, emotional intelligence, depressed mood,
and perceived benefit and confidence in healthy adolescents (10-19
years old), mainly highlighting mental health and subjective well-being.
Furthermore, PA and exercise during the pandemic have shown evidence
of positive effects on depression and anxiety,”° with correlations with
mental health. Therefore, they have also been recommended during this
period for children and adolescents.®!

PA and exercise programmes appear to have positive effects on the
mental health of healthy adolescents aged 10-19 years, suggesting that
these programmes should be promoted among young people as a
fundamental element in the care of their mental health, in addition to
their physical health. Therefore, the aim of this review was to analyse the
existing evidence on the relationship of PA and exercise with mental
health in healthy adolescents, through a variety of programmes. This
work focuses mainly on the last 5 years where the social context and the
COVID-19 (SARS-CoV-2 Disease or Coronavirus Disease 2019) pandemic
have required mental health interventions to limit the problems present
among adolescents today.

2. Materials and methods

The present study followed the general guidelines for systematic re-
views as outlined by established protocols.>>3>
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2.1. Eligibility requirements/criteria

The study was based on articles examining subjects engaged in
physical activity (PA) and exercise, and the effects on their mental health.
Articles were selected according to the following inclusion criteria: (a)
Empirical studies, (b) articles in English or Spanish, (c) published within
the last 5 years, (d) studies involving healthy subjects, and (e) adoles-
cents aged 10-19 years. The exclusion criteria were as follows: (a) non-
empirical studies, (b) studies that did not focus on the influence of PA
and exercise on mental health, (c) participants with severe psychiatric
disorders, (d) special populations, (e) individuals with severe pathol-
ogies, and (f) studies with samples beyond the established age range.

2.2. Information sources

Studies were sourced from electronic databases including PubMed,
SPORTDiscus, Scopus, and Web of Science. The final search was con-
ducted on December 31, 2022, encompassing studies published within
the preceding 5 years. This timeframe was chosen to reflect the context of
recent years as outlined in the introduction. A snowballing technique was
used, based on the references of the selected articles, to identify further
relevant studies, adhering to the same eligibility criteria.

2.3. Search strategy

To analyse the influence of PA and exercise on adolescent mental
health, combinations of Medical Subject Headings (MESH) terms and
commonly used free terms were used, connected by the Boolean opera-
tors OR and AND. The specific search strategy was: (Young people OR
teenagers OR adolescents) AND (exercise OR physical activity intervention)
AND (Psychology OR Mental health).

Studies were filtered by type and limited to those published within
the last 5 years. Titles and abstracts were initially reviewed, followed by a
full-text review to ensure they met the selection criteria. Finally, the
selected articles were organised and assigned identification numbers.

2.4. Selection process

Two researchers independently analysed the studies. Initially, they
assessed the citations and abstracts, followed by a full-text analysis. This
process ensured that both researchers independently verified that the
articles met the established criteria. Agreement was measured using the
Cohen kappa coefficient. The resulting concordance was k = 0.92. There
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was no need to involve a third senior reviewer to resolve any
disagreements.

2.5. Data extraction and synthesis

The information was structured by an expert researcher in a database,
which recorded date of publication, authors, title, study design, sample
size, participant characteristics (gender and age), health status, physical
exercise protocol, duration of the intervention, types of measurements
and study variables, timing of measurements, and mental health vari-
ables analysed. Once structured, the results and findings of the analysed
studies were extracted.

2.6. Risk of bias and criteria of methodological quality

The risk of bias and the methodological quality of the included studies
were assessed using version 2 of the Cochrane risk of bias tool for
randomised trials (RoB 2).** Two expert investigators reviewed the
studies, resolving any differences through discussion. This process yiel-
ded a concordance coefficient of k = 0.94.

3. Results
3.1. Study selection

After searching the four databases, a total of 2 435 studies related to
the influence of PA on adolescent mental health were found. However,
after identifying and deleting duplicates, a total of 1 593 studies remained.
After reading and analysing the titles and abstracts, 1 475 were excluded
as they did not meet the inclusion-exclusion criteria, leaving a total of 118
articles. Finally, after detailed reading of the articles and analysis of the
study methodology, 109 articles were excluded. Of the articles that were
included, nine were identified from the pre-established search proc-
ess.'®2% A further three articles were identified by other means, such as
citation searching through other methods, and a total of two were
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were included in the review. There were seven randomised controlled
trials (RCT), one randomised study design, two cluster randomised
controlled trials and one controlled study. The selection process is illus-
trated in a flow chart in Fig. 1 and a summary of the selected studies is
shown in Table 1.

3.2. Characteristics of the participants

All participants of the studies in the review were healthy adolescents
who were active and free of any diseases. All were high school students,
with the exception of the study by Arbinaga et al.,”° which used under-
graduate university students. In nine of the studies the subjects were in
the age range of 12-15 years.!>?1726:28.2° The other two studies were at
the borderline of the adolescent period. Resaland et al.” useda sample of
10-year-old subjects and Arbinaga et al.?’ used a sample of 19-year-old
subjects. In most studies, there was a similar proportion of females and
males.!%212325-29 However, in the studies by Kim and Park?? and Par-
ajuli et al.”* the subjects were only female and in the study by Arbinaga
et al.,>’ 80% of the participants of the sample were female.

3.3. Duration and protocol of physical activity exposure

The PA programmes or interventions were developed in the partici-
pants' secondary schools, with the exception of the study by Arbinaga
et al.,”° in which the students were on average 19 years old, and used
university sports facilities. Most of the programmes were developed
during PE (Physical Education) classes or in collaboration with this
department. However, the study by Ho et al.>! conducted its programme
after school hours, and the study by Arbinaga et al.>° was conducted
outside of the university's pre-established academic timetable. In 8 of the
studies reviewed, the duration of the PA intervention was 6-18
weeks,! 9242628 The longest-lasting sports programmes or PA in-
terventions were those of Avitsland et al.,25 Resaland et al.”’ and Was-
senaar et al.?° with a duration of 7-10 months.

Regarding the type of programme, three of the studies used a high-

included.?>?’ Finally, a total of eleven full-text articles involving a total of intensity exercise programme,®%?%2° two used an aerobic training pro-
23 681 adolescent participants met the inclusion-exclusion criteria and gramme?”?® and the remaining six used a general sport programme with
{ Identification of studies via databases and registers [ Identification of studies via other methods ]
—
Records removed before
H screening: . s .
o A Records identified from:
s Records identified from: E)upllcate FeGords: e movedi(n Websites (n = 0)
2 Databases (n = 4) =842) Organisations (n = 0)
B i _ Records marked as ineligible rga A _
c Registers (n = 2435) . & Citation searching (n = 3)
) by automation tools (n = 0) St
= Records removed for other .
reasons (n = 0)
}
Records screened Records excluded
(n =1593) (n = 1475)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval o| Reports not retrieved
= (n=118) (n=0) (n=3) "l (n=0)
=
o
: ! |
(7] Reports excluded:
o Non-empirical studies
Reports assessed for eligibility (n=14) Reports assessed for eligibility &
(n=118) They do not analyse the (n=3) Reports excluded:
influence of physical activity Studies with non-adolescent
on mental health. (n = 25) population (n = 1)
They do not assess mental
health (n = 42)
Studies with non-adolescent
— v population (n = 13)
) Studies with non-healthy
3 Studies included in review subjects (n = 15)
2| | 0=9
© Reports of included studies
= (n=2)
—

Fig. 1. Flow diagram of the study selection process.
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Table 1
Characteristics of the studies included in the review.
Study Population recruiting Type of physical activity Duration of the intervention Measuring instruments and variables Findings
Study Desi
udy Design Intervention Group (IG) Control Group (CG)
1. Ho et al. Adolescents (n = 664, After-school sports mentoring They received exclusive From October 2013 to June Physical and Mental Well-being: Significant differences:
(2017) n [IG] =333,n [CG] =331, programme based on positive youth access to a health education 2014, excluding 3 months of measured by the Chinese version of Mental well-being, self-efficacy,
Randomised % Women: 58.1%) development (basketball, volleyball website. school holidays and an exam SF-12v2 (self-report questionnaire). resilience, physical fitness, lower

controlled trial
(RCT)

2. Kim & Park
(2021)

Randomised
allocation
study

3.Wassenaar et
al. (2021)

Cluster
Randomised
Controlled
Trial (RCT)

4. Arbinaga et al.

(2018)
Controlled study

Age: Mean [SD] = 12.3
[+0.76].

Adolescents (n = 60,

n [IG] = 30, n [CG] = 30,
% Women: 100%)

Age: Mean [SD], IG = 14.35
[+0.73] and CG = 14.47
[+0.68].

Adolescents from 104 state
secondary schools in south/
central England (n =16 017/
18 261, n [IG] = 7 860/9
226, n [CG] = 8 157/9 035,
% Women: 55.95%)

Age: Mean [SD], IG = 12.5
[+£0.296] and CG = 12.5
[+0.293].

Undergraduate students (n =
66/114, n [IG] = 53/86 (G2
=15/28; G3 =17/29; G4 =
21/29), n [CG] =13/28 (G1
=13/28),

% Women: 86.1%)

Age: Mean [SD] = 19.81
[+1.75].

and kickboxing).

Tabata exercise programme and
psychological modification strategy.
A standardised 10 min warm-up was
performed consisting of 5 min of
slow jogging followed by 5 min of
stretching of the main muscle groups
at the beginning and then the Tabata
exercise (14 min).

In total 40 min of work.

Vigorous HIIT-style PA intervention
(4 min as part of a 10 min active
warm-up and three 2 min activations
per hour), developed together with
experts and physical education
teachers.

Aerobic training programme.
1.Aerobic exercise only (G2).
2.Aerobic exercise + manipulation
of expectations: no psychological
change (G3).

3.Aerobic exercise + manipulation
of expectations: with psychological
effect (G4).

Reading a book of free
choice for 40 min under the
supervision of a co-
researcher without any
experimental treatment.

Normal Physical Education
classes.

No exercise (G1).

period.

1 session per week after school
for 18 weeks. Each session
lasted 90 min.

12 weeks, physical activity
(1x/week, Tabata) and
Psychological Modification
Strategy (2x/Week).

One academic year (10
months: September 2017 to
June 2018) taught by physical
education teachers during the
regular physical education
lessons of the year.

The programme was
implemented for a period of
seven weeks, 3 days/week
(Monday, Tuesday and
Thursday), in 70-min sessions,
at the University's sports
facilities.

Physical fitness: 1 min sit-up test,

handgrip, long jump, sit and stretch
test, and balance test.

PA levels: Self-assessed PA Rating
Questionnaire for Children and Youth.
Body weight and fat ratio: Static
stadiometer and body composition
monitor.

Developmental assets: Generalised Self-
Efficacy Scale and Connor-Davidson
Resilience Scale.

Perceived benefit of the intervention: 5-
point Likert scale, ad hoc.

Physical Fitness: Physical Activity
Promotion System (PAPS).

Physical Activity Stage: the PA stage of

change scale (questionnaire).

Level of physical activity: Leisure Time

Exercise Questionnaire (LTEQ).
Psychological variables: applied
psychometric instruments,
behavioural and cognitive strategies,
and exercise self-efficacy
questionnaire to measure participants'
exercise confidence (5-point Likert
scale).

Perceived benefit of the intervention:
decisional balance scale for exercise
(5-point Likert scale).
Cardiorespiratory fitness: 20 m round-
trip sprint.

Cognitive performance: executive
functions, relational memory and
processing speed, with the JavaScript
programme using jsPsych.

Mental health: Strength and Difficulties
Questionnaire (SDQ) and measures of
self-esteem with the short version of
the Physical Self-Description
Questionnaire.

For screening: ad hoc interview.
Physical activity level: The International
Physical Activity Questionnaire-IPAQ-
).
Anxiety: The State-Trait Anxiety
Inventory -STAI-).

Depressed mood: Beck Depression
Inventory, BDI.

BMI: weight and height
measurements.

Psychological assessment: Rosenberg

limb muscle strength, dynamic
balance, PA levels.

Not significant: Physical well-
being, BMI, body fat ratio and social
connectedness.

Significant differences:
Physical activity stage, all

psychological variables and
increased most of the fitness
components of the adolescent girls in
the experimental group.

Not significant: Measurements
taken from the control group.

Significant differences:

Not significant:

The effects on cognitive, academic
and mental health outcomes are
unclear, there are no significant
results.

Significant differences:
Participants in the aerobic exercise

programmes showed greater
increases in fitness, agility and
greater improvements in self-esteem
and well-being than non-exercisers
in the control group.

Not significant: The data do not
support a differential effect of high
expectations of psychological
benefits on participants' self-esteem

(continued on next page)
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Table 1 (continued)

Study
Study Design

Population recruiting

Type of physical activity

Intervention Group (IG)

Control Group (CG)

Duration of the intervention

Measuring instruments and variables

Findings

5. Avitsland et al.
(2020)

Cluster
randomised
controlled trial
(RCT)

6. Smith et al.
(2018)

Randomised
controlled trial
(RCT)

7. Resaland et al.
(2019)

Randomised
controlled trial
(RCT)

8. Altunkurek &
Bebis (2019)

Randomised
controlled trial
(RCT)

Students from 29 lower
secondary schools in Norway
(n=2084,n [IG] =1 266
(IG1 = 668; IG2 = 598),

n [CG] = 818,

% Women: 49.0%)

Age: 14-15 years.

Adolescents from 16 public
coeducational secondary
schools (n = 607, n [IG] =
353, n [CG] = 254,

% Women: 49.6%)

Age: Mean [SD] = 14.2
[+0.5].

Students from 57 schools (n
=1 229, n [IG] =596 (28
schools), n [CG] = 533 (29
schools),

% Women: 47.95%)

Age: Mean [SD] = 10.2
[+0.3].

Eighth grade adolescents. (n
=132,n [IG] =66 (IG1 =
33;IG2 = 33),

n [CG] = 66,

% Women: 52.03%)

Age: 12-15 years.

1.Intervention Model “Active
Learning” 30 min of physically
active learning, 30 min of PA and a
60 min physical education lesson.
2.Intervention model “Don't worry,
be happy™.

Consisted of a PE lesson and a PA
lesson, both focused on facilitating
students' interest, responsibility and
social relationships.

Resistance training (using body
weight exercises and resistance
bands) and other "lifelong" health
and fitness activities (e.g. yoga,
boxing, jumping, circuits).
Intervention components: 1 teacher-
led introductory seminar for
students (30 min) + 1 PA session/
week (90 min) + lunchtime PA
sessions 5 sessions/week (20 min) +
a smartphone application to
complement the face-to-face
components during the 10-week
intervention.

Duration of the intervention, 10
weeks.

Active Smarter Kids (ASK).
Development: 165 min of extra time
(in addition to regular PE, 135 min/
week).

Teacher-led PA per week which
included: PA lessons in the
playground (90 min/week), PA
breaks during academic classes (25
min/week) and teacher-developed
PA homework (50 min/week).

1.Wellness Coaching Programme
Group.

Development: 3-part programme
PA* (1 session/week, 90 min/day),
individual interview (duration and
frequency based on individual
student needs) and group education
(1 session/week, 45-60 min/day).
*The first 45 min of PA, including

Non-intervention.

Non-intervention.

Content: Physical
education prescribed by the
curriculum.

Duration: 135 minutes/
week.

Non-intervention.

PA at school of 120 min/week,
during an intervention period
of 29 weeks.

10 weeks (July to September
2015).

Weekly PA sessions (around 90
min) during PE class, PA and
sports studies, lunchtime
activity sessions (5 x 20 min)
and a web-based smartphone
app to complement the face-to-
face sessions.

For seven months (November
2014 to June 2015).

Working group 300 min/week
and control group 135 min/
week.

Duration: 12 weeks.

Self-Esteem Scale (RSE) to assess self-
esteem and the Positive Well-Being
subscale of the Subjective Exercise
Experiences Scale to measure
psychological well-being.

Mental Health: Strengths and
Difficulties Questionnaire (SDQ).
Physical activity: with Actigraph
accelerometers, models GT3X and
GT3X+.

Self-esteem: 5-item subscale of the
short form of the Physical Self-
Description Questionnaire (PSDQ).

Subjective well-being: 7-point Likert
scale.

Health-related quality of life: assessed
by self-report, using the Kidscreen-27
questionnaire (which has five
domains: physical well-being,
psychological well-being, parental
autonomy, social and peer support,
and school environment).

Physical activity: PA during the day and
school day was measured using triaxial
accelerometers (ActiGraph GT3X +,
LLC, Pensacola, Florida, USA).

A demographic information form.
Five-Factor Well-Being Scale:
Adolescent Form (5F-Well-Being-AF).
Adolescent Lifestyle Scale (ALPS) 5-
point Likert scale.

or psychological well-being after an
aerobic training programme.

Significant differences:

Not significant: the two
interventions did not improve
mental health in the study sample.
Results indicated beneficial effects
among immigrants and those with
mental health problems at baseline.
However, the effects could be
attributed to a reduction or a
prevented increase in conduct,
hyperactivity and/or emotional
problems.

Significant differences:

Not significant: adolescent
resistance training did not have a
statistically significant impact on
self-esteem and well-being, possibly
due to ceiling effects, and this was
consistent for several pre-specified
subgroups.

However, moderating analyses
showed that the effects on self-
esteem were greater for the
subgroup showing some
overweight/obesity and resistance
training self-efficacy was a
significant mediator of changes in
self-esteem.

Significant differences:

Not significant: no significant
between-group effect on
psychological well-being.

Significant differences:
The wellness coaching programme

significantly increased adolescents'
wellbeing and improved their
healthy lifestyle behaviours. This
health education programme can be
used in conjunction with health
education provided by a public
health nurse.

(continued on next page)

opsombz[-usy | Zuvy-zmy q

ZLI-I91 (520Z) £ 29Uas IDaH pup JUIPIA SHOdS



991

Table 1 (continued)

Study
Study Design

Population recruiting

Type of physical activity

Intervention Group (IG) Control Group (CG)

Duration of the intervention

Measuring instruments and variables

Findings

9. Luna et al.
(2019)

Randomised
controlled trial

10. Harris et al.
(2022)

Cluster-
randomised
controlled trial
(C-RCT)

11.Parajuli et al.
(2022)
Randomized

Students. (n = 113,

n [IG] = 69, n [CG] = 44,
% Women: 43%)

Age: 12-15 years, Mean [SD]
13.82 [+0.79].

Students from 8 schools.

(n = 368, n [IG] = 182,

n [CG] = 186,

% Women: 50%)

Age: 11-13 years, Mean [SD]
12.2 [+0.6].

Female students. (n = 89,

n [IG, yoga] = 45,

n [CG, physical exercise] =
44,

warm-up and stretching with the
whole group, while the second part
was dedicated to basketball,
volleyball and football activities,
according to the preferences of the
group (45 min).

2.Health Education Group: group
education to students in their own
classrooms for 45-60 min once a
week. A warm-up game was played
in the first 5 min, and the last 10 min
were dedicated to questions and
discussion. The content of the
sessions was similar to that of the
wellness coaching education.

Pilot physical-sports education
programme based on a sports
education model, which included
the practice of a sport called Ringo.

A traditional model of PE,
based on the analysis and
practice of technical skills

collective sport with a
conventional teaching
style).

High-intensity interval training
(HIIT), 30 s of high effort exercise
(attempting to reach at least 90% of
maximum effort based on estimated
heart rate maximum) based on a
relevant high effort component of
the narrative such as a ‘chase’,
followed by 30 s of passive recovery,
repeated 10 times consecutively.

Usual practice PE delivery
using the standard New
Zealand curriculum.

Yoga practice comprises breathing
exercises, asana (yogic postures),
pranayama (yogic breathing
exercises), and dhyana (meditation).

Physical exercise includes
jogging, stretching, and
joint loosening exercises as
well as outdoor games.

(didactic unit of traditional

Duration: 2 to 3 sessions per
week for 6 weeks (55 min each
session).

Duration: The number of
sessions delivered by teachers
overall was 19.9 + 7.6 (mean
+ SD) for 16 weeks.

Duration: the intervention
group underwent 1-h group

yoga training four days a week
for two months.

Health-related quality of life and
subjective well-being: the Kidscreen-10
index.

Participants' positive and negative affect:

Positive and Negative Affect Checklist.
Three-choice scale.

Emotional intelligence: Trait Emotional
Intelligence Questionnaire for
Adolescents (TEIQue-ASF) 7-point
Likert scale.

Anxiety: Social Anxiety Scale for
Adolescents (SAS-A).

Mental health: Strength and Difficulties
Questionnaire (SDQ).

Mental wellbeing: Warwick-Edinburgh
Mental Wellbeing Scale.

Executive function: Trail Making Test
(TMT).

Self-efficacy for HIIT: High-Intensity
Interval Training Self-Efficacy
Questionnaire.

Autonomous motivation for physical
activity: Behavioural Regulations in
Exercise Questionnaire (BREQ).
Physical activity: Cardiorespiratory
(aerobic) fitness, Progressive Aerobic
Cardiovascular Endurance Run
(PACER), the validated Resistance
Training Skills Battery.

Maturity offset: Body mass, stature,
seated stature.

The abstract reasoning of teens: Raven’s
standard progressive matrices (RSPM).
The working memory of adolescents:
Corsi Block Tapping Test (CBTT).

Not significant:

Significant differences:
The pilot physical-sports education

programme promoted significant
improvements in a specific indicator
of subjective well-being and
emotional intelligence trait in the
experimental group, aspects that are
correlated with mental health in
adolescents. specific indicator of
subjective well-being and trait
emotional intelligence in the
experimental group, aspects that are
correlated with mental health in
adolescents.

Not significant:

Significant differences:

Physical fitness component
improvements were generally
greater for the HIIT group, and TMT
scores improved significantly in both
groups.

Not significant:

It was no improvement of SDQ scores
or mental wellbeing in either
condition.

Significant differences:

Results showed that yoga improved
cognitive function, mental health
and academic performance in

(continued on next page)
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different objectives in sport, psychological, health and social aspects
through PA.*%2%2527 I terms of session length, five of the studies took
place during PE classes of 40-55 minutes (min)/session, with a minimum
of 2 classes/week.?? 242529 another three, in addition to the PE class,
added other complementary physical activities during lunchtime, breaks,
playground time or other subject time, with a total of 90-135 min/-
week.?>?728 Three other studies conducted work outside PE classes,
involving 70-90 min/session.'® 2!

3.4. Mental health assessment tools and indicators

yoga was more effective compared to
physical exercise regarding students’

fluid intelligence and executive

anxiety. The findings indicated that
function.

school-aged adolescents. Similarly,
physical exercise was also found to
be improving working memory,
sustained attention, and reduce trait

Not significant:

Findings

The studies analysed used questionnaires, scales and inventories to
assess mental health indicators and psychological variables. Two studies
assessed the perceived benefit of the intervention based on a 5-point
Likert scale.?’*? Another three studies assessed mental health in-
dicators based on the Strength and Difficulties Questionnaire
(SDQ).?>?529 Anxiety was assessed in the studies by Arbinaga et al.>° and
Parajuli et al.>* using the State-Trait Anxiety Inventory (STAI) and by
Luna et al.,”> who used a social anxiety scale designed for adolescents.
Three studies assessed self-esteem: two of them used the Physical
Self-Description Questionnaire (PSDQ),28’29 and the other used the
Rosenberg Self-Esteem Scale (RSE scale).20 Health-related quality of life
was assessed in two studies. Resaland et al.?” used the Kidscreen-27
questionnaire and Luna et al.”> used the Kidscreen-10 questionnaire.
Subjective well-being was assessed in four studies: Arbinaga et al.%° used
the Positive Well-Being subscale of the Subjective Exercise Experiences
Scale; Smith et al.?® applied a 7-point Likert scale; Altunkurek and
Bebis!® used the Five Factor Well-Being Scale: Adolescent Form
(5F-Well-Being-AF); and Luna et al.?® used a Positive and Negative Affect
Checklist. Physical and Mental Well-being was assessed by Ho et al.!
using the translated Chinese version of SF-12v2 (self-report question-
naire) and by Harris et al.”® with the Warwick-Edinburgh Mental Well-
being Scale, a 7-item questionnaire. To measure participants' confidence
to perform PA, Kim and Park®” used the Exercise Self-Efficacy Ques-
tionnaire with a 5-point Likert Scale. Depressed mood was only assessed
in the study by Arbinaga et al.?® using the Beck Depression Inventory,
BDI. Altunkurek and Bebis'® were the only ones to assess the Adolescent
Lifestyle Scale (ALPS), using a 5-point Likert Scale. Finally, Luna et al.?3
assessed the emotional intelligence of the subjects, with the Trait
Emotional Intelligence for Adolescents questionnaire.

S
2
£

]
3
X
@

Measuring instruments and variables
Cancellation Test (SLCT) and Digit
Letter Substitution Test (DLST), Stroop
Color and Word Test (SCWT).
Anxiety: State-Trait Anxiety Inventory
for Children (STAIC).
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The active control group was
given 1-h group physical
exercise four days a week for
two months by the school

Duration of the intervention
physical training teacher.

Control Group (CG)

3.5. Relevant psychological measures

3.5.1. Subjective well-being

Questionnaire; LTEQ: Leisure Time Exercise Questionnaire; PA: Physical Activity; PACER: Progressive Aerobic Cardiovascular Endurance Run; PAPS: Physical Activity Promotion System; PE: Physical Education; PSDQ:
Physical Self-Description Questionnaire; RCT: Randomised Controlled Trial; RSE: Rosenberg Self-Esteem Scale; RSPM: Raven’s Standard Progressive Matrices; SAS-A: Social Anxiety Scale for Adolescents; SCWT: Stroop

Notes. Abbreviations: ALPS: Adolescent Lifestyle Scale; ASK: Active Smarter Kids; BMI: Body Mass Index; BDI: Beck Depression Inventory; BREQ: Behavioural Regulations in Exercise Questionnaire; CBTT: Corsi Block
Tapping Test; CG: Control Group; C-RCT: Cluster-Randomised Controlled Trial; DLST: Digit Letter Substitution Test; HIIT: High-Intensity Interval Training; IG: Intervention Group; IPAQ: International Physical Activity
Color and Word Test; SD: Standard Deviation; SDQ: Strength and Difficulties Questionnaire; SF-12v2: Self-Report Questionnaire; SLCT: Six Letter Cancellation Test; STAIL State-Trait Anxiety Inventory; STAIC: State-Trait
Anxiety Inventory for Children; TEIQue-ASF: Trait Emotional Intelligence Questionnaire for Adolescents; TMT: Trail Making Test; 5F-Well-Being-AF: Five-Factor Well-Being Scale: Adolescent Form; h: hours; min: minutes; s:
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assessed generalised anxiety and found significant effects on this vari-
able, while the study by Parajuli et al.** also showed positive effects,
assessing anxiety in the short and long term; however, the study by Luna
et al.,*® which assessed social anxiety in adolescents, found no significant
improvements after the intervention.

3.5.4. Mental health

Mental health was assessed in three studies in the review using the
Strength and Difficulties Questionnaire.”>?>?° None of the studies
showed significant improvements in mental health following a PA
intervention, although all of them noted lack of data, adherence to and
validity of the measures taken as limitations to their studies and findings.

3.5.5. Health-related quality of life

Health-related quality of life was assessed in two studies. After the
intervention neither of these two studies showed significant improve-
ments in this variable.2>?’

3.5.6. Perceived benefit of the intervention

Two studies assessed adolescents' perceived benefit on a 5-point
Likert scale, and both studies showed significant improvements after
the intervention.?>??

3.6. Other psychological variables with significant post-intervention effects
Five studies showed significant improvements in certain psychologi-

cal parameters assessed after the intervention. Ho et al.?! found im-
provements in Physical and Mental Wellbeing, Kim and Park®? noted
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improvements in Participants' Confidence to do PA, Arbinaga et al.?’ in
Depressed Mood, Altunkurek and Bebis'® in Adolescent Lifestyle, and
Luna et al.2® in Emotional Intelligence.

3.7. Additional physical activity outcomes

In seven of the studies, in addition to psychological variables, physical
variables were also assessed. In six of the studies, possible improvements
in the physical fitness of adolescents after PA intervention were assessed.
Of these six studies, four showed significant improvements,?2%?° and
two found no relevant effects on physical fitness.?”** In addition, three
studies assessed the increase in adolescents' PA level after the interven-
tion. Significant improvements were evident in two of the studies,?>??
but Avitsland et al.?® found no improvements for this parameter.

3.8. Risk of bias article quality

The results of the risk of bias assessment of study quality are pre-
sented in Fig. 2. As all studies in the review were randomised studies and
the majority were randomised controlled trials (RCTs) (7/11), we used
version 2 of the Cochrane risk of bias tool for randomised trials (RoB 2).>*
The tool is structured into five domains through which biases can be
introduced into the results. We assessed and analysed, following the
detailed guidance and pre-specified algorithms for assessing bias in the
different domains of the selected studies' Most of the studies presented a
risk of bias with some concerns.?’?>2°-28 There was only one study with
alow risk of bias across all domains,'® and three studies had a high risk of
bias.2>2%2% Although these three studies had a high risk of bias, we

Risk of bias domains

D1

D2 | p3 | b4 | D5 [ Overall |

1.Ho et al. (2017)

2.Kim and Park (2021)

3.Wassenaar et al. (2021)

4.Arbinaga et al. (2018)

5.Avitsland et al. (2020)

6.Smith et al. (2018)

Study

7.Resaland et al. (2019)

8.Altunkurek and Bebis (2019)

9.Luna,Guerrero and Cejudo (2019)

10.Harris et al. (2022)

11.Parajuli, Pradhan and Bapat (2022)
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Fig. 2. Summary of risk of bias in the selected studies. Note: The figure presents the process of assessing the risk of bias of the studies in the review.
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decided to include them in the review because of the lack of empirical
research on the influence of PA on mental health in healthy adolescents,
and because of the relevant conclusions they can offer the scientific
community.

We reached the following conclusions from the analysis of the studies:
all studies in the review had a low risk of bias in the randomisation
process, as the allocation sequence was randomised, allocation was
concealed from participants, and there were no apparent imbalances
between intervention groups. Regarding the effect of intervention allo-
cation or risk of bias due to deviations from the intended interventions,
seven studies had low risk!'®21:2426:29 and four other studies presented
some concerns; three of them due to the lack of information provided in
algorithm 2.3 on the possible existence of deviations from the intended
intervention arising from the study context,?>?>%’ and one in algorithm
2.2 on non-blinding of assessors.?® Domain 3, representing the risk of bias
due to missing outcome data, showed that six studies out of the total had
a low risk of bias,'>?232728 four had some concerns,’®?*2° and
another®’ exhibited high risk, due to algorithm 3.4, with the possibility
that the result was biased by a lack of study data. Domain 4, representing
the risk of bias in outcome measurement, showed four studies with low
risk,1%2%2228 four studies with some concerns due to negative response
to algorithm 4.5, with outcome assessment being influenced by the
knowledge of the intervention received,?»>>%’ and three studies with
high risk due to positive responses to algorithm 4.2, indicating that the
measurement or determination of outcome may have differed between
intervention groups.”>*%?? Finally, all studies in the review had a low
risk of bias in the assessment of selection bias in the reported outcome,
which corresponds to domain 5.

4. Discussion

This review aimed to analyse findings from the last 5 years on the
effects of physical exercise interventions on the mental health of healthy
adolescents. Eleven studies were included, covering PA interventions
including educational programmes, sports activities, aerobic exercise,
and high-intensity training. This review updates previous reviews>> *°
and provides additional insights into the psychological benefits of these
interventions. However, due to the heterogeneity of the findings,
depending on the type, duration and protocol of physical exercise
intervention implemented, the results should be interpreted with
caution.

The findings suggest that specific PA interventions can significantly
improve aspects of mental health, including subjective well-being, self-
esteem, and emotional intelligence, all of which are related to neuro-
chemical mechanisms (release of endorphins, serotonin and brain-
derived neurotrophic factor (BDNF)). These results align with previous
studies, indicating that exercise can foster healthy behaviours and
improve the quality of life in adolescents. However, not all studies re-
ported significant improvements, highlighting the need for well-designed
interventions tailored to this age group.

The findings suggest that some PA interventions can significantly
improve aspects of mental health, including subjective well-being, self-
esteem, physical and mental well-being, anxiety, lifestyle, emotional
intelligence, depressed mood, and post-intervention confidence and
perceived benefit in healthy adolescents (10-19 years).'* 24 The study by
Bou-Sospedra et al.*! also showed that cardiorespiratory fitness and
upper limb muscle strength work was positively related to improved
self-esteem in adolescents. However, the study by Smouter et al.*? did not
draw any association between PA levels and self-esteem, in line with
some of the other studies included in the review.?*2

On the other hand, the improvement in the subjective well-being var-
iable, which was one of the main significant findings of the present re-
view,'*2%23 is also supported by previous studies on well-being coaching
and PA, which show positive results for the development of healthy be-
haviours in adolescents.*>**> Not only is subjective well-being important;
improving the quality and lifestyle of adolescents through exercise is
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paramount.*® In some studies, no significant improvements in quality of life
were evident.>>?” This discrepancy may be due to differences in inter-
vention design, duration, and implementation. But other studies, such as
that by Calzada-Rodriguez et al.,” found a positive average association
between PA and physical and mental health-related quality of life in 3 197
children aged 8-14 years, from a range of Spanish schools.

Regarding adolescent lifestyle, in addition to significant improve-
ments in the only study that assessed this parameter in the review,'° Yavuz
and Hacialioglu*® also showed benefits in adolescents with obesity whose
training programme helped them to develop healthy lifestyle behaviours
and improve their quality of life. In relation to the positive evidence
established in the reviews on PA and anxiety,?%?* the systematic review
by Larun et al.*° also demonstrated a positive correlation between exer-
cise and the reduction of depression and anxiety scores in the general
population of children and adolescents; however, their results are not
conclusive, due to the small number of studies selected and found in the
scientific literature, as happened with the present review, since the study
by Luna et al.?® also did not show significant improvements in social
anxiety in adolescents after an intervention based on physical exercise.

Regarding the assessment of mental health, as measured by the
Strength and Difficulties Questionnaire, no significant improvements
were observed in the present review,2>?%2° although Fairclough et al.>°
observed significant improvements in this parameter in 359 participants
(aged 9-13 years) who performed light PA and moderate to vigorous PA.
Finally, another significant finding of the review was based on the im-
provements in perceived benefit following exercise-based intervention in
adolescents,>"?? in line with the findings of Doyle et al.>! that the ma-
jority of university students believed that PA could improve well-being,
manage depression and anxiety, and perceived it as a positive tool for
their mental health.

After secondary analysis of the additional results obtained in the re-
view studies, regarding PA performed by healthy adolescents, it became
evident that the review studies that did not show significant improve-
ments in adolescent fitness after PA intervention also did not show sig-
nificant improvements in psychological variables.?”>° In contrast, most
studies that obtained significant improvements in physical fitness after
the intervention also had significant improvements in psychological
measures,?’ 2 apart from the study by Harris et al.”® This may indicate
that in the studies where no significant effects on mental health in ado-
lescents were shown, the design of the physical exercise programme or
intervention was flawed, as there were no improvements in the physical
fitness of adolescents, an objective that should be implicit in the design of
such programmes, suggesting a problem originating in the design of the
intervention itself and the implementation of the exercise programme.

Although this review focused on active and healthy adolescents
without clinical diagnoses, there is also a need to present the evidence
found in adolescents with some type of psychological pathology, and the
influence that PA has on their mental health, due to the large amount of
research and findings on this issue.>>> Moderate and high PA are
inversely associated with anxiety and depressive symptoms in adoles-
cents.’® Specific studies have shown how PA improves mild to moderate
depressive symptoms.®” > Aerobic exercise was the main type of exer-
cise for the treatment of adolescents with depression or depressive
symptoms, showing a beneficial effect in reducing these symptoms.®® %4
High-intensity exercise was also considered a promising and
time-effective exercise-based treatment strategy for depressive symp-
toms.®® PA may also be a useful approach to address the symptoms of
anxiety in children and youth.®® Furthermore, in studies by Nia et al.,®’
and Williams and Cash,®® it was shown that strength training in uni-
versity students improved their body image and reduced anxiety. Finally,
evidence is available to suggest a positive relationship between PA and
reduced behavioural and emotional problems, and improved mental
health and psychosocial well-being in adolescents with intellectual
disabilities.®

The PA interventions in all the studies in the review were carried out
in schools or universities, showing the importance of promoting sport
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and exercise through different strategies or sports programmes within
these educational institutions to achieve mental health benefits in ado-
lescents. One strategy could be to implement such exercise programmes
through interdisciplinary work between the school's physical education
department and health and psychology professionals.

The paucity or absence of studies exploring the effect of management
and leadership strategies within schools indicates the need to consider
the ways in which educational environments are organised, the culture
that is created, and the physical spaces needed to improve mental health
in this type of population.”®’”? In addition to strategies in schools and
extracurricular or complementary activities, the environment and the
role of the family will be essential to increase PA levels and improve
mental health in adolescents.”? School-based PA interventions have also
been shown to be effective in improving mental health in low
socio-economic groups’>’* and groups with mental health-related
problems.”®

5. Conclusions

In conclusion, due to the lack of research conducted so far and the
large number of heterogeneous findings obtained from studies on the
influence of PA on the mental health of healthy adolescents aged 10-19
years, the benefits of PA on their mental health cannot be clearly
demonstrated. However, this review concludes that some PA in-
terventions in educational institutions (sports programmes, aerobic
training or high intensity work, Tabata), are useful in improving sub-
jective well-being, self-esteem, physical and mental well-being, anxiety,
lifestyle, emotional intelligence, depressed mood, and perceived benefit
and confidence in healthy adolescents (10-19 years old).

A relevant finding of the study was to highlight the importance of
designing an effective, standardised and appropriate physical exercise
programme that can be implemented in adolescents to achieve significant
effects on their mental health. The review found that studies that did not
implement an adequate exercise programme did not have significant
improvements in adolescents' physical fitness and, therefore, in psycho-
logical variables. Although, so far, the strongest evidence found in the
scientific literature supporting the positive effects of PA on the mental
health of adolescents seems to be for children and young people diag-
nosed with depression/depressive symptoms, further research should be
conducted on the influence of PA and mental health in healthy adoles-
cents, to develop strategies, recommendations and appropriate sports
programmes that ensure good mental health in this type of population.

6. Strengths and limitations

This review has several strengths, including a rigorous methodology
as recommended by the general guidelines for reviews to ensure a quality
review, a comprehensive literature search of four databases, and adher-
ence to Cochrane guidelines for data extraction and quality assessment.
However, it is limited by: (1) the small number of included studies, (2)
the variability in interventions and measurement methods used in the
studies, which limit the ability to draw meaningful conclusions, (3) the
limited scientific literature found on the topic, (4) the inclusion of studies
with high risk of bias or with some concerns, (5) the potential exclusion
of relevant non-English or non-Spanish articles, and, additionally, (6) the
selection and review processes of the articles were conducted by a single
observer (two supervisors), which may have introduced bias.

7. Lines of future research

Future studies should focus on standardising physical exercise in-
terventions or programmes to test how these programmes can influence
healthy adolescents aged 10-19 years, measuring the same psychological
variables and using the same measurement instruments in order to
compare the different effects on mental health in this population. It
would also be interesting for studies to analyse and correlate the different
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physical, social and physiological benefits with psychological variables,
after different types of physical exercise-based interventions (assessing
the volume, intensity and duration of the training programme), to draw
more specific and concrete conclusions about the effects of this type of
intervention. Likewise, it is important to increase the number of studies
that address this topic, at a general level, in order to refute or confirm the
conclusions of the present review.
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