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Abstract

Objective. To identify the most implemented exercises and their prescription, in
addition to the effects of exercise on mental health in adolescents.

Methods. A scoping review was performed from search of electronic databases:
PubMed, Science Direct, Scopus, Springer, Google Scholar, from 23/08/2023 to
01/01/2024 in English, Spanish, and Portuguese language, including randomized
clinical trial and cohort type studies.

Results. A total of 7 articles were included: 57.14% controlled clinical trials, 100%
in English. The number of participants was 85,637 aged 12 to 16 years. Intervention
time ranged from 8 to 43 weeks, 2 to 5 times per week, 1 session per day, duration per
session 10 to 120 minutes. The most used type of training was Programmed Physical
Education followed by High Intensity Interval Training;

Conclusions. Exercises such as Programmed Physical Education, High Intensity
Interval Training, Moderate to Vigorous Physical Activity are included, which show
positive effects on the increase in psychological well-being, quality of life and a sig-
nificant decrease in anxiety and stress symptoms.
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Resumen

Objetivo. Identificar los ejercicios mas implementados y su prescripcion, ademas de
los efectos del ejercicio en la salud mental de adolescentes.

Meétodo. Se realizd una revision de alcance a partir de busqueda de bases de datos
electrénicas: PubMed, Science Direct, Scopus, Springer, Google Académico, desde el
2370872023 hasta el 01/01/2024 en idioma inglés, espanol y portugués, incluyendo
estudios tipo ensayos clinicos aleatorizados y cohortes.

Resultados. En total 7 articulos fueron incluidos: 57.14% ensayos clinicos controla-
dos, 100% en inglés. El nimero de participantes fue 85.637 con edades entre 12y 16
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anos. El tiempo de intervencion oscil6 entre 8 a 43 semanas, 2 a 5 veces por semana,
1 sesién diaria, duracién por sesiéon 10 a 120 minutos. El tipo de entrenamiento mas
utilizado fue Educacién Iisica Programada, seguido del Entrenamiento de Intervalos
de Alta Intensidad.

Conclusiones. Se incluyen ejercicios como Educacion Fisica Programada, Entre-
namiento de Intervalos de Alta Intensidad, Actividad fisica moderada a vigorosa, los
cuales muestran efectos positivos en el aumento en el bienestar psicologico, calidad
de vida y una disminucion significativa en los sintomas de ansiedad y estrés.

Palabras clave

Salud mental; adolescentes; actividad fisica; ejercicio.

Introduction

Mental health is defined as a state of well-being in which each individual develops
his or her potential, can cope with life’s stresses, work productively and fruitfully, and
contribute to his or her community [1]. The World Health Organization (WHO) de-
fines adolescents as individuals in the 10-19 years age group, and estimates that 20%
of adolescents worldwide suffer from some mental disorder [2]. Separation anxiety,
attention deficit or social phobia are some of the most common disorders that can
occur in children of any race or ethnicity [3].

Globally, it is estimated that 1 in 7 adolescents (14%) experience mental health
conditions [4]. Mental health conditions such as anxiety and depressive disorders
constitute a major burden of disease for adolescents worldwide [5]. About 15% of
adolescents had a major depressive episode, 37% had persistent feelings of sadness
or hopelessness, and 20% reported that they considered suicide [6]. As for seden-
tary lifestyle in adolescents, a significant relationship has been found with depressive
symptomatology [7,8]. Behavioral disorders, social phobia, sadness, loss of interest
in activities, changes in appetite and sleep, lack of concentration, loss of confidence,
negative thoughts about the future, guilt or suicide are added [9,10].

To positively benefit the emotional and mental state of people, in addition to
improving physical appearance and maintaining health, physical exercise, exercise,
sport, play or recreation and Programed Physical Education (PPE) are proposed as a
therapeutic strategy [11]. There are differences between the terms physical activity,
exercise, sport, play or recreation and physical education class, which are defined be-
low in order to facilitate understanding of the methodology and results of this study.

Exercise according to the WHO 1is defined as any bodily movement produced
by skeletal muscles that requires energy expenditure, and can be classified as mild,
moderate and vigorous according to their intensity [12]. Exercise is a component of
physical activity. The distinguishing characteristic of exercise is that it is a structured
activity specifically planned to develop and maintain physical fitness [13]. Sport is a
game that involves physical skills with a wide following and a wide level of stability
[14]. Playing or recreation is at the heart of early years’ education and is central to
children’s learning, as well as their physical, mental, social, and emotional health and
well-being [15]. PPE is carried out in schools where at least 2 hours week specific ac-
tivities are carried out to achieve developmental objectives related to physical fitness,
health promotion, wellness and healthy lifestyles in students [16].
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Adolescents who engage in regular physical activity can reduce anxiety, depression, stress
levels, as well as improve mood, cognitive function, self-esteem and sleep habits [17]. Exercise
and physical activity are tools that benefit physical and mental health, and a positive associa-
tion with mental health interventions has been demonstrated [18]. Thus, there is a positive

assoclation between physical activity and a lower risk of developing physical and/or mental
illness [19,20].

Given the above, the present scoping review delves into the parameters of physical exercise
prescription and its effect on the mental health of adolescents, in order to expand the scien-
tific evidence-based information on the exercises, dosage, and parameters of individualized
exercise most appropriate for this population. In this way, to provide relevant information to
health professionals who prescribe exercise, such as physical therapists, physical educators,
and trainers. Therefore, the following question was posed: what are the parameters of exer-
cise prescription and its effect on mental health in adolescents? The general objective of this
research was to identify the most implemented exercises and their prescription, in addition to
the effects of exercise on mental health in adolescents.

Methodology
Sources of information search

Research was analyzed in relation to the study variables and included cohort studies and con-
trolled clinical trials from 2013 to 2023, from electronic databases: PubMed, Science Direct,
Scopus, Springer and a search engine Google Scholar, in English, Spanish, and Portuguese.
Terms were used for the search with combinations of Boléan operators: (mental health) AND
(physical activity OR exercise OR physical exercise OR physical exercise) AND (child OR

adolescent OR teen). Search equations are specified en Table 1.

Table 1. Information search equation.

# LR ‘." SRR Search Method Search home | End search Fo.und
Engine articles

Database: PubMed

(Mesh terms) 23/08/2023 | 01/01/2024 301

o  Database:Science (mental health) 23/08/2023 | 01/01/2024 2214
Direct AND (physical
activity OR
3 | Database: Scopus exercise OR 23/08/2023 | 01/01/2024 3207
sport OR physical
4 | Database: Springer education class) 23/08/2023 | 01/01/2024 | 3015

AND (adolescent)

Search Engine: Google

23/08/2023 | 01/01/2024 1290
Scholar
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Eligibility criteria

Inclusion criteria: studies conducted in adolescents, providing information on exercise pre-
scription and its effect on mental health. Spanish, Portuguese, and English languages pub-
lished between 2013-2023. Exclusion criteria: systematic reviews, case series, and case reports
were not included.

Condition / Domain of the study: PICO Description

Participants/Population: Adolescents.

Intervention/Exposure: Exercise, sport.

Control group: PPE, play or recreation.

Results: Muscle strength, aerobic capacity, flexibility, body composition, mental health.

Data extraction (selection and coding)

The extraction of information from the articles was performed by two researchers (HB) and
(JH). After this stage, the third author (NC) verified the agreements and disagreements of
the articles. At this stage, studies that met the inclusion and exclusion criteria were identified.
Then, the articles were read in full text. The data obtained were related to the prescription
of physical exercise in the mental health of adolescents, through the checklist proposed by
PRISMA ScR [21].

Bias risk assessment (Quality)

After data collection, the agreement and disagreement of the content of the articles chosen
by the investigators was confronted (HB), (JH), (NC). Discussion and call for the fourth author
(AS) were carried out in cases of discrepancy. This avoided the risk of eligibility bias in the
articles included. To assess the quality of the articles, we used the TESTEX scale, a tool for
evaluating the quality of exercise training studies, which addresses crossover from sedentary
control to exercise, periodic adjustment of exercise training intensity with respect to adapta-
tion to physical training, and reporting of exercise program characteristics. It consists of 12
criteria, some of which have more than one possible point, for a maximum score of 15 points
(5 points for study quality and 10 for reporting) [22].

Data synthesis strategy

A search strategy was developed for the databases, studies were located from which, when
filtering by year, in the first choice of studies was made based on title and abstract and dupli-
cates were discarded. Selection process: a matrix was created in Microsoft Excel and filtered
by phases. Phase | included: identification, title, abstract, type of study. Phase 2: identifica-
tion, title, abstract, journal data, type of study, study objective and abstract, including yes/no,
reason for exclusion.

A qualitative summary of the studies was carried out in relation to the characteristics of
the study population: number of participants, databases, language. Exercise prescription pa-
rameters: frequency, duration, intensity, progression, volume, type of exercise and effects of
exercise on mental health in aspects such as quality of life, functionality and physical qualities
such as muscular strength, aerobic capacity, flexibility, and body composition.
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Categories of analysis

Frequency: number of repetitions per unit of time of any periodic process [23,24]. Duration:
number of minutes of training required per session [25,26]. Intensity: degree of effort that an
exercise demands on the person [27]. Volume: includes the amount of activity performed and
includes the distance covered, the number of repetitions of an exercise and duration [28].
Progression: adaptation to effort, intensity, duration, and frequency [29]. Types of exercise:
aerobic, flexibility, strength or endurance [30]. Muscle strength: capacity of the muscle to
exert tension against a load during muscle contraction [31]. Aerobic capacity: physiologi-
cally, it is the ability to produce work using oxygen [32]. Flexibility: capacity of the joints to
perform movements with the greatest possible amplitude without causing damage [33]. Body
composition: indicator of health and physical condition of individuals [34]. Mental health: a
primary good, the psychological preconditions for pursuing any conception of the good life,
including well-being [35].

Main results

Physical exercise prescription: components of physical exercise prescription: frequency, dura-
tion, intensity, volume, progression, type of exercise, muscle strength. Effects on mental health
and other variables such as muscle strength, aerobic capacity, flexibility and body composition.

Strategy for data synthesis

A qualitative summary of the selected articles was applied. A heterogeneous variation in
the outcome measures currently used in the prescription of exercise and its effect on mental
health in children and adolescents could be executed. Therefore, a narrative synthesis of the
included study designs, number of participants, population characteristics, language, study
variables, and databases was performed. The data synthesis was carried out following the
SWIM guide [36], for synthesis without meta-analysis.

Results

The literature reviewed allowed the registration of 10027 studies from the databases, 3470
duplicate articles were eliminated before the election phase, in total 6557 records were evalu-
ated by title and abstract where 6495 articles were excluded for not meeting the inclusion cri-
teria, leaving 62 articles for full text review, of which 46 were not retrieved, of the 16 studies
evaluated in full text for eligibility 9 were excluded. Finally, 7 articles were selected for analysis
in this scoping review (Figure 1).

Characteristics of the bibliography

Of the 7 included studies 90% n = (6) were found in the Pubmed database, 57% Controlled
Clinical Trials (CCT) n = 4 and 43% Cohort Studies (CS) n = (3). 60% (3) IFrom the European
continent, followed by Oceania n = (2) and Asia n = (2), with 20%, respectively. In English
language 100% n = (7) (Table 2).

General characteristics of the adolescents

The total number of participants was 85,637 with ages ranging from 12.32 (23) to 16.43 (26).
Sex was specified in 85,572 subjects of which 50.33% n = (43,071) were male. Additional
information on the weight of the participants, as well as inclusion and exclusion criteria are
detailed in ‘Table 3.
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Identification of studies via database and registers

4 A
Records identified 2013-2023.
__§ Databases Records eliminated before the
8 PubMed (n = 301) - election phase:
= Science Direct (n = 2214) ]
e Scopus (n = 3207) Duplicates (n = 3470)
= Springer (n=3015)
Google Scholar (n = 1290)
\_ J
Total Records (n = 10027) i
\_ J
¢ e N
Excluded records:
Records evaluated by titeand | Excluded by investigator
abstract (n = 6557) selection for not meeting
J inclusion criteria (n = 6495)

i N y
[
( Publications retrieved for full-

Publications not retrieved

text evaluation (n = 62) (n = 46)

l Excluded records:

Publications evaluated for Studies where only the
eligibility (n =16)

Eligibility

\ results (n=9) )

exercise prescription protocol

is presented, but not the
( Studies included in the review

(n=7)

Including

Figure 1. Prisma flow diagram.

Description of exercise prescription

In the exercise prescription of the 7 included studies, 57.14 % included a control and experi-
mental group, used as type of training: Programmed Physical Education (PPE), Aerobic Exer-
cise Program (AEP), High Intensity Interval Training (HII'T) = gross motor cardiorespiratory
exercises. Endurance Exercise Program (EEP), HIIT = combination of cardiorespiratory and
body weight resistance training exercises, Vigorous Physical Activity (VPA), PPE, and Cross-
fit. The 42.86% being studies that did not include EG, used as type of training: activities
performed during school recess, muscle strengthening exercises, regular physical activity. The
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Table 2. Characteristics of the bibliography.

R#CS

. Scimago | Type of . .
# | Authors Title Database = Journal Quartile | study Country | Continent Language @Year Objetive
To evaluate the
. HIIT training for Medicine & efficacy of two
Costi- cognitive and Science in Austra- HIIT protocols for
1 ganet 9 .| Pubmed Q1 ccT ; Oceania | English | 2016 ' P™ :
mental health in Sports & lia improving cogni-
al. [37] ; .
adolescents Exercise tive and mental
health outcomes.
. To investigate
Effect of a vigor- Interna- whether a HIT
ous physical activ- . . .
W o . tional physical activ-
as- ity intervention on . o .
senaar hvsical fitness Journal of United ity intervention
2 physic ' | Springer | Behavioral | Q1 CCT | King- | Europe | English | 2021 | delivered during
et al. cognitive perfor- ) .
Nutrition dom school physical
[38] mance, and men- . .
. and Physi- education could
tal health in young 7 .
cal Activity improve perfor-
adolescents
mance.
Exploring asso-
. Academic stress BioMed ciations _between
Fromel and physical activ- Research Czech academic stress
3| etal. | 2N9PWY Pubmed Q2 CC  Repub- | Europe | English | 2020 | in adolescent
ity in adolescents Interna- . .
[39] . lic boys and girls
tional - .
and their physical
activity.
Youth develop- To evaluate the
ment program effectiveness of
4 Ho et al. | based on sports, Pubmed Pedriat- Q1 cCT China Asia English | 2017 a sports program
[40] mental health and rics 9 based on positive
physical fitness youth develop-
for adolescents ment.
Effects of exercise Psychol- To |nvgst|gate the
Eather on mental health | Science ogy of Austra- effectiveness of
5 etal. . . 9y Q1 ccT ; Oceania | English | 2016 the CrossFit re-
outcomes in ado- Direct Sport and lia . S
[41] . sistance training
lescents. Exercise
program.
Muscle strength- To investigate
Zhang ening exercise . the association
etal and positive Frontiers between MSE
6 ' . Pubmed in Psy- Q2 cC China Asia English | 2022 . L
[42] mental health in cholo with subjective
children and ado- 9y well-being and
lescents resilience.
Relationship be-
. Interna- -
tween physical . Investigating
A tional .
activity, mental . whether physi-
Bell et well-being and Journal of United cal activity is
7 Pubmed | Behavioral Q1 cC King- Europe English | 2019 . .
al. [43] symptoms of - associated with
Nutrition dom .
mental health . improved mental
. . and Physi- .
disorder in ado- 2 well-being.
cal Activity
lescents

Note. Abbreviations: Controlled Clinical Trial (CCT), Cohort Study (CC), High Intensity Interval Training (HIIT), Muscle Strength-
ening Exercises (MSE)
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Table 3. General characteristics of adolescents.

# | Authors | n FIM EG/CG  , 9% BMIkg-m-2 L e Exclusion features
(years) features
. EG= 23/
1 | Costiganet ' o NS AEP=21 | 193 +/- 1 55 084/-356 | Informed consent NS
al. [37] 0.6
EEP=22
EG= F= 4.466 GE=12.5
Wassenaar M= 3.530 EG= 7860 | (0.296)
2 etati38] | 19017 cG=F=4.495  CG=8157 GC=12.5 NS NS NS
M=3.526 (0.293)
Participants with
M= 16.43 three sports
. M= 22.04 SD : :
Fromel et al. F=399 SD1.17 sections in school,
3 [39] 586 M=187 NA F=16.39 3.30 Fg ﬂ'” sD 120 minutes of NS
SD1.17 ) extracurricular
time.
EG= N=232
EG= (70.1) UW=8 (2.4)
12.32 OW=73 (22.1) Participate in 2
F=386 EG= 331 (0.76) 0=18 (5.4) CG= ) . .
4 | Hoetal. [40] 664 M=278 CG=333 Co= N=236 (70.9) ac?ﬁ:?::;?gghaoro[ Medical conditions
12.26 UW=10 (3.0) '
(0.75) OW=68 (20.4)
0=19 (5.7)
Completion of
pre- and post-
intervention
Eather et al. EG=51 15.4 SD . .
5 (41] 96 F=50 M=46 CG=45 0.50 NS qu.e'stlonnalres, NS
training program
and physical
measurements.
Students from
fifth to eighth Students whose
. teachers did not
Zhang et al grade, with good want them to take
6 [42] 67.281 F=32.362 NA 13.04 N=72.5 0W=12.3 reading an.d the survey or did
M=34.919 0=15.2 comprehension .
. - not think they were
skills, willing .
appropriate to take
to answer the
the survey.
surveys.
Failure to complete
Participation in the th&g:sisrfgogﬂfgfe'
;| Belletal | o F= 343 NA 12.69 SD NE ﬁg'niﬁ]?j;:;asltzgd school during
[43] M=330 0.34 y follow-up. Student’s
attendance three
parent opted out,
years later. i
absence, illness or
death of student.

Note. Abbreviations: Not Specified (NS), Not Applicable (NA), Experimental Group (EG), Control Group (CG), Male (M), Female
(F), Standard Deviation (SD), Aerobic Exercise Program (AEP), Endurance Exercise Program (EEP), Normal (N), Underweight
(UW), Overweight (OW), Obesity (0), Adolescent Healthy Eating Activity and Intervention (AHEAD).
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intensity was moderate-high in 57.14% n = (4), high in 28.57% n = (2) and in one study it
was not specified. The sessions were performed once a day, in 2 articles it was not mentioned.
Times per week ranged from 3 to 5; the number of weeks ranged from 8 to 43. The minutes

ranged from 10 to 120 per session (Table 4).

Table 4. Description of exercise prescription.

Sessions per Number Session
# | Authors Type of training Phases Intensity | day/times per duration in
of weeks .
week minutes
CG= PPE + usual activities
AEP HIIT= gross motor car- | HIIT sessions ranged from 8 to
Costigan et dio-respiratory exercises. | 10 min in duration (weeks 1 to
1 al ?37] EEP HIIT= combination of 3: 8 min; weeks 4 to 6: 9 min; High 1/3 8 10
’ cardiorespiratory and body | weeks 7 to 8: 10 min), with a
weight resistance training | work-to-rest ratio of 30:30 s.
exercises.
HIIT sessions were short or
longer sets (from <45 s to 2-4
min) of high-intensity exercise
Wassenaar | CG= PPE + usual activities, | interspersed with periods of .
2 | etal. [38] EG= VPA - HIT rest or light activity. 4 minof | 19" 175 43 20
VPA as part of a 10-min active
warm-up and three 2-min VPA
infusions per hour.
Fromel et Moderate -
3 al. [39] CG= PPE EG= PFE + 2 sports NS High 1/3 16 120
Warm-up phase, core sport
Ho et al. CG= Activities carried out a.ct|V|ty.(basketbaFl, volleyball, Moderate -
4 (40] during the school break kickboxing), technical phase of Hiah 1/5 18 90
g the sport, reflection phase and g
activity feedback.
Dynamic warm-up (10 min), a
_ _ technique-based skill session
5 Eatheretal) Co=PPE+sport EG=EFP+ 1 10\ i) o core activity (10-20 | Moderate 172 8 120
[41] Cross Fit X . . High
min) and a stretching session
(5 min).
Zhang et al. _ :
6 [42] CG= Muscle st.rengthenlng NS NS NS NS 20
exercises
Bell et al. . - Moderate -
7 [43] CG= Regular physical activity NS High NS NS 60

Abbreviations: Non-Specific (NS), High Intensity Interval Training (HIIT), Aerobic Exercise Program (AEP), Endurance Exercise
Program (EEP), Vigorous Moderate Physical Activity (VPA), Programmed Physical Education (PFE).
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Effects of physical exercise in adolescents

The findings of the measurements made in relation to the variables: mental health, muscle
strength, aerobic capacity flexibility and body composition, using different questionnaires,
and assessment tools, were captured in Table 5. Mental health was evaluated in 5 studies
[37,38,40,41,43], by measuring executive function, flourishing scale (Psychological Well-being),
psychological disorder, psychosocial problems, psychological assets, social assets (family con-
nectedness, school connectedness), Warwick-Edinburgh Mental Well-being Scale (WEMWBS),
Relational Memory Task, mental component, Skills and Difficulties Questionnaire (SDQ TDS),
SDQ) subscale, behavioral problems, hyperactivity, peer problem, and prosocial behavior.

Table 5. Effects of physical exercise in adolescents.

#  Authors Measurements Basal Posterior
CG= 34.25 (25.07 - 43.45) CG= 34.95 (26.41 - 43.49)
e weP- 3608 aze-4383) | 5 R0
CG=1.46 (0.98 - 1.94) C6=1.63(1.09-2.17)
Executive Function EG (AEP)= 1.99 (1.49 - 2.48) EG (AEP)= 2.18 (1.62 - 2.73) P: 0.968
EG (EEP)= 2.40 (1.92 - 2.88) EG (EEP)= 2.01 (1.47 - 2.55) P: 0.222
CG=57.87 (47.2 - 68.54) CG=57.32 (47.43 - 67.21)
EG (AEP)= 63.21 (54.10 - 72.33) EG (AEP)= 55.97 (46.80 - 65.14) P: 0.386
EG (EEP)= 65.07 (56.24 - 73.91) EG (EEP)= 53.79 (44.50 - 63.08) P- 0.171
Flourishing scale CG= 48.27 (46.16 - 50.38) CG= 47.00 (44.22 - 49.78)
1 | Costigan (psychological well- EG (AEP)= 46.38 (44.17 - 48.59) EG (AEP)= 47.92 (44.92 - 50.91) P: 0.252
etal. [37] being) EG (EEP)= 46.59 (44.48 - 48.70) EG (EEP)= 48.28 (45.36 - 51.20) P: 0.219
CG=22.05 (18.87 - 25.23) CG=22.10(18.83 - 25.36)
Psychological Disorder EG (AEP)= 18.60 (15.27 - 21.94) EG (AEP)= 18.17 (14.74 - 21.59) P: 0.737
EG (EEP)= 17.68 (14.50 - 20.86) EG (EEP) =17.55 (14.31 - 20.78) P: 0.891
Average physical CG= 4.49 (3.92 - 5.06) CG=5.00 (4.52 - 5.48)
self-description score EG (AEP)= 4.09 (3.49 - 4.68) EG (AEP)= 4.69 (4.19 - 5.19) P: 0.753
(Appearance) EG (EEP)= 3.52 (2.95 - 4.09) EG (EEP)= 4.35 (3.88 - 4.83) P: 0.249
Mean physical self- CG=5.00 (4.52 - 5.48) CG=5.04 (4.54 - 5.54)
description score (Global EG (AEP)= 4.69 (4.19 - 5.19) EG (AEP)= 4.71 (4.19 - 5.24) P: 0.957
physical) GE (EEP)= 4.35 (3.88 - 4.83) GE (EEP)= 4.41 (3.91 - 4.91) P- 0.935
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Wasse-
2 | naaretal
[38]

Fromel et

3 al. [39]

20 Msr (Fittnes, turns)

Reaction time task (RT3,
ms)

Relational memory task
(Accuracy %)

Two back task (Accuracy
%) (RT3, ms)

Flanker task (Accuracy
congruent %)

Flanker task
(Inconsistent accuracy %)

Flanker task (RT3
congruent, ms)

Flanker task (RT3
incongruent, ms)

Color and shape change
task (Accuracy without
switch, %)

Color and shape change
task (Accuracy change,
%)

Color and shape change
task (Without switch RT3,
ms)

Color and shape change
task (RT3 switch, ms)

Psychosocial problems
(Internalization score)

Psychosocial problems
(Outsourcing score)

Self-esteem (Global)

Self-esteem (Physical)

Physical Activity (min/
hour -1)

Step . hour (numbers)

MVPA > 3 METs
(min-hour-1)

MVPA= 60% HRmax (min)

CG=37.85(20.65)
EG= 37.85 (20.65)
CG=380.21 (89.7)
EG= 378.7 (86.65)
CG=59.76 (12.24)
EG=59.75(11.93)
CG=53.4(18.74)
EG=54.43 (18.46)
CG=844.17 (171.04)
EG=857.67 (164.84)
CG=81.91(16.81)
EG=82.83(17.14)
CG= 60.02 (19.55)
EG= 60.22 (20.67)
CG= 490.35 (94.51)
EG=490.26 (92.13)
CG=548.15(126.16)
EG=552.9 (127.12)
CG=72.88(17.25)

EG=73.27 (17.21)

CG=69.36 (17.15)

EG=69.51 (16.89)
CG=051.07 (337.52)
EG=1075.67 (352.18)

CG=1404.21 (569.5)
EG=1452.99 (602.23)
CG=5.07 (3.49)
EG=5.1(3.56)
CG=6.29 (3.74)
EG= 6.34 (3.85)
CG=4.43(0.9)
EG= 4.39 (0.94)
CG=4.44(1.27)
EG=4.36(1.31)

M/WAS: 34.57 M/AS: 37.01 - F/WAS:

31.06 F/AS: 30.60

M/WAS: 1081 M/AS: 1160 - F/WAS: 961

M/CEA: 936

M/WAS: 4.20 M/AS: 5.08 - F/WAS: 3.00

M/CEA: 3.30

M/WAS: 0.50 M/AS: 1.50 - F/WAS: 1.12

M/CEA: 1.64

R#CS

CG=36.11(20.75)
EG=41.36 (21.95)
CG=376.07 (95.94)
EG=378.58 (99.46)
CG=60.78 (13.08)
EG=59.53(13.05)
CG=55.48 (20.99)
EG=55.24 (20.9)
CG=799.45(174.9)
EG=802.26 (175.03)
CG=84.55 (16.44)
EG=84.21 (16.57)
CG= 63.06 (19.65)
EG= 62.2 (20.33)
CG=479.19 (81.26)
EG=476.82 (84.22)
CG=541.25(109.06)
EG=537.89 (108.67)
CG="75.61(17.48)

EG=75.18 (17.61)

CG=71.56 (17.59)

EG=71.47 (17.65)
CG=970.87 (318.08)
EG=974.95 (320.46)

CG=1321.97 (544.16)
EG=1331.63 (562.05)
CG=5.25(3.6)
EG=5.47 (3.72)
CG= 6.45(3.8)
EG=6.73(3.78)
CG=4.3(0.97)
EG=4.23(1.03)
CG=4.14(1.36)
EG=4.07 (1.41)

M/WAS: 22.91 M/AS: 22.12 - F/WAS: 24.22 F/

AS: 24.28 P: 0.504

M/WAS: 661 M/AS: 716 - F/WAS: 670 F/AS:

814 P: 0.002

M/WAS: M/AS: 4.22 - F/WAS: 3.00 F/AS 4.35

P:0.002

M/WAS: 0.47 M/AS: 1.53 - F/WAS: 0.59 M/CEA:

0.65 P: 0.357
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R#CS

Health-related quality of
life (1 week before the
intervention)

Physical component score CG= 49.87
(5.77) EG= 49.59 (6.51)

CG=51.57 (5.70) EG= 51.49 (6.64) P: 0.86

Mental component score CG= 47.16 (9.16)
EG=47.16 (9.16)

CG=46.15(9.59) EG= 48.41 (8.33) P: 0.001

BMI score CG= 0.48 (1.16) EG= 0.54 (1.15)

CG=0.60(1.10) EG= 0.57 (1.07) P: 0.69

Body fat ratio (%) CG= 20.51 (7.93) EG=
19.90 (8.41)

CG=21.28 (8.75) EG=19.89 (9.18) P: 0.051

Health-related physical
fitness (1 week before

intervention)
Ho et al.

[40]

One-minute bending test (time) CG= 22.91
(14.00) EG= 21.47 (12.19)

CG=32.10(13.26) EG=30.81 (12.62) P: 0.55

Total grip force (kg) CG= 39.70(11.97)
EG=40.42(12.33)

CG= 38.75 (14.64) EG= 40.89 (14.85) P: 0.07

Test Sit-and-reach (cm) CG= 28.42 (8.13)
EG=27.16 (9.29)

CG=25.24 (8.15) EG= 27.79 (9.58) P: 0.02

One-minute abdominal test (time) CG=
27.59 (7.78) EG= 28.75 (8.34)

CG=31.21(9.52) EG= 31.03 (10.74) P: 0.91

Standing long jump test (cm) CG= 130.98
(24.21) EG=132.96 (27.16)

CG=131.97 (30.33) EG= 136.92 (24.89) P: 0.03

Average balancing test Y (m) CG= 1.26
(0.20) EG=1.28 (0.24)

CG=1.30(0.29) EG=1.36 (0.27) P: 0.01

Self-efficacy CG= 27.88 (6.10) EG= 27.21

CG=28.45 (6.21) EG= 29.69 (4.92) P: 0.01

Psychological assets (1 (6.63)
week before intervention) | Resilience CG= 64.13 (16.36) EG= 63.76
CG= 65.43(17.76) EG= 68.37 (13.15) P: 0.02
(18.39)
Family connection CG= 43.73 (9.38) EG= CG= 43.23 (9.07) EG= 41.80 (9.85) P 0.05¢
Social assets (1 week 42.73 (9.56) e : T : o
prior to intervention) School connectivity CG= 23.91 (4.99) EG=
23.35 (4.82) CG=22.50(5.03) EG=22.36 (5.23) P=10.72

Physical activity level
(1 week before the
intervention)

CG=23.35 (4.82) EG=5.42 (2.79)

CG=5.10(2.75) EG= 6.10 (2.20) P: <.0001
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Perceived body fat

Total difficulty score

Global self-esteem (No
risk of psychological
distress)

Physical self-concept
(No risk of psychological
distress)

Perceived body fatness
(No risk of psychological
distress)

Perceived Appearance
(No risk of psychological
distress)

Eather et
al. [41]

Total difficulty score

Global self-esteem (At
risk for psychological
distress)

Physical self-concept (At
risk for psychological
distress)

Perceived body fat (At
risk for psychological
distress)

Perceived appearance
(At risk of psychological
distress)

Muscle strengthening
exercise days

(continuous)
Zhang et

al. [42] Muscle-strengthening

exercise days (2 cuts)

Muscle strengthening
exercise guidelines

Overall score of
WEMWBS

SDQ TDS Questionnaire

Emotional problems (SDQ

Bell et al. Subscale)

[43] Behavioral problems
Hyperactivity
Pair problem

Prosocial behavior

CG (M)= 4.83 (1.52) (F)= 3.82 (1.29) EG
(M)=5.05 (1.48) (F)= 4.00 (1.42)
CG=9.63(3.86) EG= 10.04 (0.42)

CG=4.74 (0.85) EG= 4.89 (0.73)

CG=3.93 (1.08) EG= 4.06 (0.87)

CG= 4.49 (1.41) EG= 4.69 (1.27)

CG=3.91(1.27) EG= 4.07 (0.94)

CG=19.71 (2.73) EG= 21.00 (3.16)

CG=3.69 (1.43) EG=3.33(1.08)

CG=3.22 (1.30) EG=2.79 (0.94)

CG= 4.24 (1.64) EG=3.19 (1.51)

CG=3.09 (1.29) EG=2.81 (0.93)

Day 1=0.42, Day 2= 0.76, Day 3=1.00,
Day 4= 1.38, Day 5= 1.55, Day 6= 1.84,
Day 7= 2.17

3-5 days= 0.86, 6-7 days=1.74

Not found: 0, found: 1.02

-0.02 (- 0.44 - 0.40)
-0.16 (- 0.41 - 0.09)
-0.11 (- 0.23--0.00)

-0.02(-0.10- 0.60)
0.02 (- 0.09-0.14)

-0.02 (- 0.09 - 0.05)
0.09(0.00-0.19)

R#CS

CG (M)= 4.52 (1.13) (F)= 3.73 (1.40) EG (M)= 5.23
(1.12) P: 0.060 (F)= 4.00 (1.346) P: 0.704
CG=9.34 (4.03) EG= 11.04 (5.23) P: 0.334

CG= 4.94 (0.99) EG= 4.91 (0.80) P: 0.411
CG=4.19 (1.00) EG= 4.09 (1.07) P: 0.45
CG=4.22 (1.36) EG= 4.64 (1.38) P 0.278

CG=4.02 (1.14) EG= 4.140 (1.15) P: 0.900
CG=19.80 (5.35) EG= 17.50 (6.78) P: 0.199

CG=3.43(1.59) EG=3.80(1.14) P: 0.010
CG=2.86 (1.24) EG= 3.35(0.88) P: 0.001
CG=4.08 (1.59) EG= 3.81 (1.42) P: 0.042

CG=3.13(1.34) EG=3.33(1.22) P: 0.062

Day 1= 0.69, Day 2= 1.42, Day 3= 1.97, Day 4=
2.80, Day 5= 3.07, Day 6= 3.80, Day 7= 4.66

3-5 days=1.78, 6-7 days= 3.83
Not found: 0, found: 2.17

-0.06 (- 0.47-0.35)t=-10.27 P: 0.79
0.04(-0.24-0.32)t=0.29 P: 0.77
-0.12 (- 0.24-0.01) t = - 2.09 P: 0.04

0.06 (- 0.03-0.14)t=1.29 P:0.20
0.13(0.01-0.26)t=2.18 P 0.03
-0.02 (- 0.09-0.06) t =-0.44 P: 0.66
0.01 (- 0.08-0.10)t =0.26 P: 0.80

Note. Abbreviations: CG: Control group, EG: Experimental group, M: Male, F: Female, BMI: Body mass index, Kg: Kilograms, cm: Centimeters,
m: Meters, AEP: Aerobic Exercise Program, RAP: Endurance Exercise Program, M/WAS: Men Without Academic Stress. M/AS: Men with
Academic Stress. F/WAS: Female Without Academic Stress, F/AS: Women with Academic Stress. Min: Minutes. Moderate to Vigorous
Physical Activity (MVPA), Warwick-Edinburgh Mental Well-being Scale (WEMWBS), Relational Memory Task, mental component, Skills and

Difficulties Questionnaire (SDQ TDS).
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The post-intervention results found were not significant for the study by Costigan et al.
[37]. Wassenaar et al. [38] found no P-value specification. Ho et al. [40] found statistically
significant post-intervention results in the mental component score and psychological assets
(Self-efficacy and resilience). Eather et al. [41] found significance in the physical self-concept
test. Meanwhile, Bell et al. [43] was significant for the SDQ) subscale, assessment of behav-
1oral problems, and hyperactivity.

Muscle strength was assessed in the study by Ho et al. [40], using standing longitudinal
jump test, one-minute push-up test, total grip strength measurements, and one-minute sit-
up test. Only the standing longitudinal jump test measured in centimeters was significant
after the intervention. 3 of the 7 studies performed aerobic capacity assessment [38-40], by
means of 20mrs (Fitness Laps), reaction time task (RT3 ms), physical activity (min/hour/),
steps/hour (numbers), VPA (Vigorous Physical Activity) =2 3 METs (min/hour), VPA= 60%
HRmax (min) physical activity level. Of these tests, the ones that yielded statistically signifi-
cant post-intervention information were Steps/hour (numbers) VPA = 3 METs (min/hour),
and physical activity measurement.

The study that evaluated flexibility was the one by Ho et al. [40] with the sit-and-reach
test, showing statistically significant results 1 month after the intervention. Body composition
was assessed in 2 of the studies, the study by Ho et al. [40] by means of health-related quality
of life (BMI score and body fat ratio). Meanwhile, Eather et al. [41] assessed perceived body
fatness (at risk and not at risk for psychological distress), neither of these studies showed post-
intervention significance.

Methodological quality of the studies

All studies were evaluated with the TESTEX scale described in Table 6. According to the in-
terpretation of the scale, Zhang et al. [42] and Bell et al. [43] obtained a score of 15, Fromel
et al. [39] was qualified with 14, Costigan et al. [37] with 13, Ho et al. [40] and Eather et al.
[41] rated with 11, respectively, and finally Wassenaar et al. [38] with 10.

Table 6. TESTEX Scale.

# Authors 1 2 3 4 5 6 7 8 9 10 11 12 Total
1 Costigan et al. [37] 1 1 1 1 1 2 1 1 1 1 1 1 13
2 | Wassenaar et al. [38] 1 1 1 1 0 1 1 0 1 1 1 1 10
3 Fromel et al. [39] 1 1 1 1 1 2 1 2 1 1 1 1 14
4 Ho et al. [40] 1 1 1 1 0 2 1 0 1 1 1 1 11
5 Eather et al. [41] 1 1 1 1 0 2 1 0 1 1 1 1 11
6 Zhang et al. [42] 1 1 1 1 1 3 1 2 1 1 1 1 15
7 Bell et al. [43] 1 1 1 1 1 3 1 2 1 1 1 1 15

Note. TESTEX scale criteria: Study quality (1) Eligibility criteria specified (1 point), (2) Randomization spec-
ified (1 point), (3) Allocation concealment (1 point), (4) Groups similar at baseline (1 point), (5) Blinding
of assessor (for at least one key outcome) (1 point). Study reporting (6) Outcome measures assessed in
85% of patients (3 points possible), (7) Intention to-treat analysis (1 point), (8) Between-group statistical
comparisons reported (2 points possible), (9) Point measures and measures of variability for all reported
outcome measures (1 point), (10) Activity monitoring in control groups (1 point), (11) Relative exercise
intensity remained constant (1 point), (12) Exercise volume and energy expenditure (1 point). Total out of
possible: 15 points.
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Discussion

The objective of this scoping review was to identify the most implemented exercises and their
prescription, in addition to the effects of exercise on mental health in adolescents. Accord-
ing to the results of 7 studies, with a total of 85,637 participants, there are findings showing
that adequate exercise prescription with moderate participation in physical activities with
strength exercises, habitual AEP activities, HII'T, gross motor cardiorespiratory exercises,
EEP, combination of cardiorespiratory and body weight resistance training exercises, VPA
and crossfit, are associated with an increase in general psychological well-being, perceived
quality of life and a significant decrease in symptoms of anxiety, depression and stress. Con-
sidering that not all the studies and their measurements yielded significant results, it is advis-
able to conduct more in-depth searches in this field with more representative samples, which
will allow reinforcing the scientific evidence that more precisely supports the intervention
with respect to the types of exercises, their parameters and prescription. In this way, its posi-
tive effect on mental health can be better validated.

It is important to highlight that in our study, 60% of the articles included correspond to
the European continent, followed by Asia and Oceania with 20%, respectively. No articles
were found from the American continent, and 100% of the articles were in English. In the
United States, it has been reported that adolescents between the ages of 12 and 17, 36.7%
had persistent feelings of sadness or hopelessness, 18.8% seriously considered attempting
suicide and 15.1% had a major depressive episode [8]. In Latin America, UNICEF men-
tions that the latest available estimates suggest that 15 per cent of children and adolescents
aged 10-19 in Latin America and the Caribbean, around 16 million, live with a diagnosed
mental disorder [44|. This problem, which is not foreign to the American continent, leads
to the need to carry out research in this population that promotes strategies such as exercise
and physical activity to determine their impact. At the same time, it is important to carry out
research in languages such as Spanish or Portuguese, which will allow a greater approach to
the scientific community.

It should be noted that our study included a representative population sample with a total
of 85,572 adolescents between the ages of 12 and 16, in which the studies of Wassenaar et
al. [38] and Zhang et al. [42], contributed the largest number of participants with 16,017
and 67,281 participants, respectively. Similarly, the studies showed a representative sample
for each sex, being 50.33% men. In relation to BMI, it was observed in the study of Ho et
al. [40] 22% of the experimental group and 20.4% of the control group were overweight.
Meanwhile, Zhang et al. [42] reported a 12.3% of overweight population. Kokka et al. [45],
in its research entitled Psychiatric Disorders and Obesity in Childhood and Adolescence-A
Systematic Review of Cross-Sectional Studies, mention that the obesity and psychiatric dis-
orders have high prevalence and are both considered major health problems. Also, reported
as a result of its research a significant relationship between the psychiatric disorder and obe-
sity. These findings justify the need to apply specific interventions such as physical exercise,
which has proven to be a strategy for weight reduction and is also an important factor in
maintaining adequate mental health in the adolescent population [46],

The study by Avitsland et al. [47], carried out in Norwegian adolescents, whose objective
was to evaluate body composition, muscular strength, cardiorespiratory fitness and their rela-
tionship with mental health, also found, like our study, positive results in relation to the effects
of exercise on physical qualities and mental health. An association was observed between
cardiorespiratory fitness and levels of psychological difficulties in adolescents. The results of
this study support that moderate to HII'T in adolescents increases aerobic fitness capacity
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and may be more conducive to the maintenance of mental health. This is consistent with the
study by Mendonca et al. [48], where they found that using moderate and high intensity con-
tinuous training with resistance training had a positive effect for health-related physical fitness
components in adolescents. As well as the study by Leahy et al [49] where they realized a re-
view of HII'T for cognitive and mental health in youth between 5 and 18 years old, they found
that HII'T can improve cognitive function and mental health in children and adolescents.

In our study the types of training mentioned were PPE + habitual activities, AEP, HII'T=
gross motor cardiorespiratory exercises, EEP, HII'T= combination of cardiorespiratory resis-
tance and body weight exercises with high intensity, 1 session per day 3 times per week for 8
weeks and 10 minutes per session. Romero et al. [50] conducted a study with children with
obesity, based their exercise prescription for 20 consecutive weeks with 2 weekly sessions with a
duration per session of 50 min. It should be noted that according to the characteristics and goals
set for each individual, the exercise prescription is made on an individual basis.

In our research, it was shown that VPA and HII'T have a positive impact on the mental
health of this population, with increased quality of life, decreased mental disorders, stress,
anxiety and improvements in the perception of appearance. In addition, they increase aerobic
capacity and muscle strength [51]. Dahlstrand et al. [52] carried out a comparison between
different types of training which included light, vigorous and very vigorous physical activity,
where it was concluded that vigorous physical activity was the best associated with health
indicators in terms of mental health. Chmelik et al. [53] exposed that there is a positive and
significant association between mental health and vigorous physical activity in adolescents
based on a deeper awareness of the association between physical activity and satisfaction with
quality of life.

Finally, statistical significance was found in three of the articles included in our study, Ho et
al. [40] in the mental component score and psychological assets (Self-efficacy and resilience),
Eather et al. [41], in the physical self-concept test, and Bell et al. [43] for the SDQ) subscale,
assessment of behavioral problems, and hyperactivity. However, as a limitation of the pres-
ent study, it was found that there is no standardized instrument for measuring mental health
in adolescents, which hindered the comparative analysis between variables. According to the
study by Orth et al. [54] titled Measuring Mental Wellness of Adolescents: A Systematic Re-
view of Instruments, the review concludes that there is a lack of consensus in the development
of instruments for adolescents that measure mental health, many of these instruments are in
English and come from developed countries. This leads to a need for a conceptualized and
operationalized instrument for adolescents in different contexts.

Limitations

We found that there is a deficiency in the accuracy of studies to describe exercise prescrip-
tion parameters in greater detail, which include all parameters. A more detailed descrip-
tion would facilitate comparative analysis and would allow providing recommendations with
greater specificity for implementation. It was also found that the scales used to assess mental
health were different in each of the articles found, which made it difficult to carry out a com-
parative analysis between them.

As a projection in future research, it is suggested to continue strengthening the scientific
evidence regarding the implementation of mental health assessment scales in structured phys-
ical exercise programs.
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Conclusions

According to the evidence collected physical exercise such as PPE, HII'T and VPA improves
mental health in adolescents. Its implementation should be based on the parameters of exer-
cise prescription: intensity, volume, progression, frequency and type of exercise. Moderate to
high intensity aerobic exercise programs are most beneficial in reducing symptoms of anxiety,
depression, improving self-esteem, quality of life, and body perception.
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