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Abstract: Attention deficit hyperactivity disorder (ADHD) manifests itself in inattention, impulsivity,
and/or hyperactivity. Those affected with ADHD have high motor coordination or motor performance
problems, which presents as a daily difficulty. On the other hand, physical activity can produce motor
benefits and ADHD symptomatology. Therefore, the aim of this systematic review is to analyze the
effects of physical activity, sport, exercise, play or physical education interventions on the motor
performance of children and adolescents with ADHD (registry: INPLASY202370105). The databases
PubMed (87), Scopus (133), WoS (126), and SciELO (0) were searched using the keywords “Children”
OR “Adolescent” AND “ADHD” OR “attention-deficit/hyperactivity disorder” OR “attention deficit
hyperactivity disorder” AND “Motor skills” OR “Motor coordination” OR “Motor Performance” OR
“Motor impairment” AND “Physical activity” OR “Exercise” OR “Sports” OR “Physical Education”
OR “Play” OR “Pretend play”. 14 studies met the inclusion criteria. The PEDro scale and risk of bias
were used to evaluate the methodological quality of the selected articles. Benefits were evidenced in
motor skills, cognitive functions, executive functions, and academic and social performance in children
and adolescents with ADHD.
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1. Introduction

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder manifested by
inattention, impulsivity, and/or hyperactivity in children before the age of 12 years [1]. ADHD
generates poor neurocognitive functioning expressed in a low attention span, working memory, and
inhibitory control, among other limitations in executive functions [2,3]. This neurodevelopmental
disorder is more common in males than in females, and affects both developed and developing
countries. In addition, 5.9% of young people and 2.8% of the world’s adult population have this
diagnosis [4].

Children and adolescents diagnosed with ADHD present antisocial behavior, a low academic
performance, drug use, addictive behaviors, obesity, low self-esteem, and limited executive functions [5].
This generates difficulties to adapt to social norms and regulate their behavior, and produces problems
at school, in the family, and with their peers, which can trigger emotional and behavioral disorders [4,6].
In the case of adults, ADHD generates an emotional and executive function imbalance, in addition to
other personality disorders, sleep disorders, among others [7].

Among the differences in the neural systems of those diagnosed with ADHD that are visible in
the prefrontal cortex (PFC), cerebellum, and caudate nucleus are the slow maturation of the PFC or
decreased activity or size of the PFC, cerebellum, or caudate, which are areas that are interconnected
to each other through the neural network and regulate attention, behavior, thoughts, emotions, and
actions. The maintenance of these areas is usually controlled by presynaptic and postsynaptic
neurotransmitters, such as dopamine or norepinephrine [8]. The three areas named above oversee
motor control [9]; due to a late maturation and lower activity, children and adolescents with ADHD
may fall, tip over, or trip over things. In addition, those diagnosed with ADHD tend to have a greater
motor impairment, thus potentially generating a comorbid disorder [10].

People diagnosed with ADHD present motor alterations; among them, we can find gait variability,
such as step cadence, foot, or hip angle, as well as conditions that are accentuated during a faster gait
or when performing a simultaneous task [11]. In relation to fine motor skills, they also have lower
performances in tests that measure the accuracy and speed of short movements compared to children
with neurotypical development [12]. On the other hand, the movement planning time tends to be longer
in children with ADHD, in addition to not having consistency when performing small movements such
as writing, which results in different shapes and sizes for the same letters [10]. As evidenced with those
who possess motor difficulties, they also show problems in tasks that need a high coordination of fine
motor movements [12]. It has been stated that 30% to 50% of those affected with ADHD have high
motor coordination problems [13]. Thus, children and adolescents diagnosed with ADHD present poor
motor coordination or motor performance, which presents as a daily obstacle in their interaction with
the environment [14]. The persistence of motor problems in children with ADHD generates difficulties
in their daily lives, alongside poor performances in games and sports [15], which becomes a
conditioning factor in the child’s school popularity and self-esteem [16].

These problems can cause serious difficulties in written communication, social interactions, and
poor performances in physical/sports activities [12]. These problems can be still present by the adult
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age, including increased anxiety and depression, which reduces their capacity to carry out simple
task in their home or workplace [17], which could be improved through the regular practice of a
physical activity (PA), considering the particular characteristics of children and adolescents
diagnosed with this disorder [18]. The benefits of PA on the individual are varied [19]; among them,
we can highlight the reduction of premature deaths caused by non-communicable diseases [20],
improvements in executive functions [21,22], improvements in cognitive processes [23,24], and
improvements in the quality of life and well-being [25], among others. In addition, increased PA can
produce motor and cognitive benefits during childhood and adolescence [26]. Additionally, it has
been shown that exercise provides benefits for both mental and physical health, including relieving
stress and preventing diseases such as being overweight, obesity, a decrease in the feeling of fatigue
and tiredness, and an increase in self-esteem [27]. In relation to sports practice, it brings
improvements to mental health [28], and in the case of children or adolescents with ADHD, group
or individual physical-sports activities produce improvements in symptomatology [29] and in
executive functions [30]. This research is centered in children and adolescents due to a faster
adaptation to interventions compared to adults, thanks to a greater exercise induced neuronal
plasticity [31] and the importance of intervening as soon as possible in the symptoms of ADHD.
Thus, it is necessary to quantify the relationship between PA, exercise, sport, play or physical
education, and the improvement of motor performance in children and adolescents with ADHD.
Therefore, the aim of this systematic review is to analyze the effects of PA, sport, exercise, and play
or physical education interventions on the motor performance of children and adolescents diagnosed
with ADHD.

2. Materials and methods
2.1. Search strategy for item identification

The present systematic review was registered in INPLASY (registration: INPLASY202370105) and
was based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guideline [32]. For the article search, the following databases were used: PubMed (n = 87), SciELO (n
=0), WoS (n = 126), and Scopus (n = 133), giving a total of 346 papers, of which 14 met the inclusion
criteria. For the identification of keywords, a research question was established through the Population,
Intervention, Comparison, and Outcome (PICO) strategy [33,34]. Subsequently, the following keywords
and the use of the following Boolean operators were identified: “Children” OR “Adolescent” AND
“ADHD” OR “attention-deficit/hyperactivity disorder” OR “attention deficit hyperactivity disorder”
AND “Motor coordination” OR “Motor Performance” OR “Motor impairment” AND “Physical activity”
OR “Exercise” OR “Sports” OR “Physical Education” OR “Play” OR “Pretend play”. The excluded 205
articles are as follows: Not within the Age range (n = 13), No TDAH participants (n = 27), No
intervention (n = 134), Not English or Spanish (n = 6), Intervention not clear (n = 9), Different outcomes
(n=9), No human participants (n = 5), and Not available (n = 2) (Figure 1).

2.2. Selection criteria

Using keywords and their respective Boolean operators, and through the four databases, the
search for information was performed on July 25, 2023. The search considered articles up to July 25,
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2023. The inclusion criteria were as follows:

a. children and adolescents between 6 and 18 years;

b. PA or exercise or sport or physical education or play interventions;

c. articles published in English and Spanish;

d. randomized controlled trials (RCTs) or quasi-experimental clinical trials; and,

e. sought to improve some component of Motor Performance in Children or Adolescents with
Attention Deficit Hyperactivity Disorder.

The exclusion criteria included the following:

1. review articles, letters from the editor, meta-analyses, and book chapters;

2. studies with a co intervention, such as medications and nutritional supplements; and,

3. case studies.

[ Identification of studies via databases and registers
s Records removed before
3 Records identified from: screening:
£ Databases (n = 4) > Duplicate records removed (n
c Registers (n = 346) =118)
=
Records screened »| Records excluded
(n=228) (n=205)
Reports sought for retrieval Reports not retrieved
2 (n=23) (n=0)
£
= \4
Reports assessed for eligibility
(n=23) Reports excluded:
Different outcome (n =5)
Videogames (n =2)
No available (n =2)
A
o Studies included in review
S (n=14)
S Reports of included studies
£ (n=14)

Figure 1. Flowchart and selection of papers.
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2.3. Data extraction and quality assessment

According to the selection criteria, all the researchers independently reviewed and selected the
articles. In the case of differences, a third researcher acted as mediator for inclusion or exclusion,
as appropriate.

The methodological quality was evaluated using the PEDro scale (Physiotherapy Evidence
Database) [35-37]. This scale presents 10 criteria for the internal validity and presentation of the
statistical analyses, and awards one quality point to the study if it meets the criteria described and zero
points if it does not. The first criterion does not add up to a score. The classification was based on three
criteria: selection (maximum three points), comparability (maximum three points), and results
(maximum four points) (Table 1).

Table 1. Results of quality evaluation with PEDro scale.

Authors 1 2 3 4 5 6 7 8 9 10 11 Total
Ahmed & Mohamed [38] Y Y N Y N N N Y Y Y Y 6
Chang et al. [39] Y N N Y N N N Y Y Y Y 5
Da Silva et al. [40] Y Y N Y N N N Y Y Y Y 6
Jeyanthi et al. [41] Y Y N Y N N N Y Y Y Y 6
Ludyga et al. [42] Y Y Y Y N N Y Y Y Y Y 8
MeBler et al. [43] Y Y N Y N N N Y Y Y Y 6
Mohammadi et al. [44] Y Y N Y N N N Y Y Y Y 6
O’Connor et al. [45] Y N N Y N N N Y Y Y Y 5
Pan et al. [46] Y Y N Y N N N Y Y Y Y 6
Pan, Chu, Tsai, Lo et al. [47] Y Y N Y N N N Y Y Y Y 6
Pan; Tsai; Chu; Sung et al. [48] 'Y N N Y N N N Y Y Y Y 5
Torabi et al. [49] Y N N Y N N N Y Y Y Y 5
Verret et al. [50] Y N N Y N N N Y Y Y Y 5
Ziereis & Jansen [51] Y Y N Y N N N Y Y Y Y 6

Note: Y = Yes; N = No. The following are the criteria for the PEDro scale: 1: The selection criteria were
specified (not included in the total score); 2: The distribution of participants to the groups was random; 3:
The task was concealed; 4: The groups were similar in terms of the most relevant predictive factors; 5: All
participants were blinded; 6: The therapists involved in the intervention were all blinded; 7: The assessors
who measured at least one significant outcome were blinded; 8: At least 85% of the key results were achieved;
9: All outcomes for the participants who underwent the intervention were reported, for at least one main result;
10: A statistically significant difference was found between the groups for at least one primary outcome; and
11: The intervention showed point measures and variability for at least one main outcome. The study quality
was categorized as excellent for 9-10 points, good for 6—8 points, fair for 4-5 points, and poor for less than
4 points. When performing the quality assessment using the PEDro scale, only one article scored 8 points
(Ludyga et al. [42], 2022), 8 articles scored 6 points (Ahmed & Mohamed [38]; Da Silva et al. [40]; Jeyanthi
et al. [41]; MeBler et al. [43]; Mohammadi et al. [44]; Pan et al. [46]; Pan, Chu, Tsai, Lo et al. [47]; Ziereis
& Jansen [51]), and 5 articles scored 5 points (Chang et al. [39]; O'Connor et al. [45]; Pan, Tsai, Chu, Sung
et al. [48]; Torabi et al. [49]; Verret et al. [50]).
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Additionally, the Cochrane Risk of Bias (RoB-2) tool for randomized clinical trials was used to
assess the risk of bias in the included trials. The RoB has 5 domains (randomization process, deviations
from the intended interventions, missing outcome data, outcome measurement, and selection of the
reported outcome) and an overall rating; depending on the obtained results, the included articles can
be rated as “low”, “some concerns”, or “high” risk of bias [52].

Details on the RoB in the included studies are shown in Figure 2a. The results of the analysis
show that 13 of the 14 included studies had a high risk of selection bias and one was categorized as
low risk. The high risk of bias is mainly due to the lack of information in domains D1 and D4
(randomization process and outcome measurement, respectively). Figure 2b shows the percentage

obtained per trial for each item assessed (low risk, some concerns, high risk).

Q
o]
=
=

Ahmed & Mohamed [38] Low risk

Chang et al. [39] Some concerns

!
‘ High risk

Da Silva et al. [40]
Jeyanthi et al. [41]

Ludyga et al. [42] D1  Randomization process

Deviations from the

MeBler et al. [43] intended interventions

D2

Mohammadi et al. [44] D3 Missing outcome data

Measurement of the

O’Connor et al. [45] D4 outcome
Selection of the
Pan et al. [46] D5 reported result

Pan, Chu, Tsai, Lo et al. [47]
Pan, Tsai, Chu, Sung et al. [48]
Torabi et al. [49]

Verret et al. [50]

Ziereis & Jansen [51]
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Figure 2a. Risk of bias assessment based on the Cochrane risk of bias tool.
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Figure 2b. Risk of bias plot.

3. Results

A total of 14 articles met the inclusion criteria. All selected articles were classified according
to the type of intervention performed, and, in turn, each of the interventions was classified as stated
by the authors. Of the selected articles, 9 performed exercise interventions [38,39,41,43,44,46—49],
3 conducted sports interventions [40,41,45], and 2 reported interventions with PA programs [50,51].
Although the articles were generally classified according to the physical intervention performed and
stated by the author, there may be confusion, since the concepts of exercise, PA or sport in these
studies may be used or understood as synonyms; therefore, this is an important aspect to be reviewed
in future research.
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Table 2. Results of research on motor performance.

Authors Sample Intervention Data collection instruments Other variables
of Motor performance
Ahmed & N =84 (54 Boys y 30 girls),  Exercise program: Motor skills 1 Attention
Mohamed [38] between 11 and 16 years old 10 weeks, 3 sessions per week Motor Skills: p=0.01/d = Connors’s Scale Attention: p=0.001/d

Chang et al. [39]

Da Silva et al. [40]

with ADHD.
Intervention = 27
Control =27

30 children with ADHD
Intervention= 15 414
Control =15 413

33 children of both sexes
between 11 and 14 years old
with ADHD.

Intervention= 18 410
Control =15 410

(first 4 weeks duration of 40
minutes per session, last 6 weeks
each session of 50 minutes
duration).

Acuatic Exercise program:

8 weeks, 2 sessions per week, 90
minutes per session. Warm-up: 5
minutes Moderate-intensity
aquatic aerobic exercise; 40
minutes. Perceptual-motor aquatic
exercise: 40 minutes.

Swimming training (Sport training
program):

8 weeks, 2 sessions per week, 45
minutes per session: Warm-up: 5
minutes, in-pool stretching and
recreational activity.

0.765 (Medium effect).

Motor skills 1

Target Throwing: p=10.01/d
=1.079 (Large effect).

Bead Moving: p=0.04/d =
0.789 (Medium effect).

Motor skills 1

Lower Limb Coordination: p
=0.05/d=3.676 (Very large
effect).

Laterality: p=0.041/d=
6.296 (Very large effect).

= 1.322 (Very large effect). Classroom
performance and academic behavior 1:
Task orientation: p=0.008 / d = 1.343
(Very large effect).

Go/NogoTask:

Reaction Time 1: p=0.004 / n>=0.29
(Large effect).

Accuracy 1: p=10.03/1*=0.17
(Medium-to-large effect).

Test of Flexibility 1: p=10.049 /d =
2.206 (Very large effect). Abdominal
resistance 1: p=0.037 /d =3.153 (Very
large effect). Stress |: p=0.039/d=
—5.50 (Very large effect|). Depression
l:p=10.048 / d =—3.45 (Very large
effect|). Cognitive flexibility (test of
trails) 1: p=0.042/d=4.072 (Very
large effect). Selective attention
(Cancellation Attention Test) 1: p =
0.047 / d =2.925 (Very large effect).

AIMS Medical Science
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Authors Sample Intervention Data collection instruments ~ Other variables
of Motor performance
Jeyanthi et al. [41] 10 school boys with and 10 boys  Structured exercise (Exercise Motor skills 1 Grip Strength 1: Right Hand: p <
with neurotypical development program): Single Leg Triple Hop 0.05 / partial n? = 0.73 (Large

Ludyga et al. [42]

between 8 and 12 years old
Intervencion = 10 boys with
ADHD Control = 10 boys with
neurotypical development

57 Children with ADHD

41 boys and 16 girls, with ADHD
between 8 and 12 years old.
Intervention (n=29) 23 boys and
6 girls

Control (n=28) 18 boys and 10
girls.

6 weeks, 3 sessions by week, 45
minutes per session.Exercise: 30
minutes

Strengthening of upper and lower
extremities and trunk, jumps, step
exercises, ball throwing and jumping
rope.

Gradual progression of speed,
repetitions and number of sets every
2 weeks.

Fine motor skills: 5 minutes
Stringing beads on a straw, thread
and soft filament.

Attention training: 10 minutes
Finding differences.

Judo training (Sport training
program):

12 weeks. Twice a week, 60 minutes
per session.

Participants did Judo training,
teaching and practice of attack and
defense techniques. And its
application in practice fights.

(Right Leg): p < 0.05 (Time
effect only, no group

difference).

Single Leg Triple Hop (Left
Leg):

Group: p <0.05/1?=0.282
(Large effect).

Time: p <0.05 /n?>=0.309
(Large effect).

Motor skills (MABC-2) <
p=0.328,1?=0.019.

effect): Left Hand: p <0.05/
partial n> = 0.54 (Large effect).
Leg Explosive Power?: p < 0.05
/ partial n?> = 0.20 (Large effect).
Anaerobic Capacity?: p <0.05/
partial n?> = 0.34 (Large effect).
Attention 1: Trail Making Test A:
p <0.05 / partial n> = 0.84 (Large
effect); Trail Making Test B: p <
0.05 / partial > = 0.91 (Large
effect).

Working memory 1: CDA
amplitude - High load condition:
F(1,53) =4.30,p =0.043, 0> =
0.075.

AIMS Medical Science
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Authors Sample Intervention Data collection instruments  Other variables
of Motor performance
MeBler et al. [43] 28 boys and girls with Multimodal therapy HIIT (Exercise Motor skills (Movement Emotional Well-being |: p=0.04
ADHD between 8 to 13 program): Assessment Battery for / partial n?> = 0.16 (Medium
years old HIIT: 3 weeks, 3 sessions per week Children II) 1: Manual effect).

Intervention n = 14
Control (TRAD) n = 14

Mohammadi et al. [44] 36 boys between 10 and 13

years old with ADHD
Intervention = 18
Control = 18

Warm-up

4 sessions of 4 minutes of exercise at
95% of HRmax, with 3-minute intervals
at <60% of HRmax.

TRAD

3 weeks, 3 sessions per week, 60 minutes
per session

Ball and team games

Track sports and climbing at <70% of
HRmax.

Aerobic exercise (Exercise program):

8 weeks, 3 sessions per week.

Each session a song was used to perform
the aerobic exercise, eventually 24
different songs were used.

Dexterity: p < 0.05 / partial
n? = 0.15 (Medium effect);
Ball Skills: p = 0.03 / partial
n? = 0.18 (Medium effect).

Motor competence
(BOTMP) 1: p=0.000/
partial n?> = 0.708 (Large
effect).

Self-esteem (Guardians)t: p <
0.01 / partial n* = 0.30 (Large
effect).

Self-esteem (Boys)1: p <0.01/
partial n?> = 0.25 (Large effect).

Anxiety (The Child Anxiety
Scale) |: p =0.000 / partial n* =
0.768 (Large effect). Depression
(CES-D) |: p=0.000 / partial n?
=0.825 (Large effect). Working
memory (WISC-1V) 1: p = 0.000
/ partial n?> = 0.604 (Large
effect).

Reasoning (WISC-IV) 1:p =
0.000 / partial n> = 0.625 (Large
effect).

Processing speed (WISC-1V) 1:
p = 0.000 / partial n? = 0.640
(Large effect).

AIMS Medical Science

Continued on next page
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Authors Sample Intervention Data collection instruments Other variables
of Motor performance
O’Connor et al. [45] 98 children diagnosed Summer program on functional sports (Sport Motor competence (BOTMP) Sport functioning 1:
with ADHD (74 % training program): 8 weeks, 9 hours per day. 1:p=0.012/ partial n?> = Soccer: p =0.002 / partial

Pan et al. [46]

males; mean age =6.64,
range 5.56-7.98)

74% = 72,52 males
Intervention: n = 52
Control: n =46

24 boys with ADHD and
24 TD boys, aged 7 to
14 years,

Intervention n = 12
Control: n =36 (12
ADHD y 24
Neurotypicals)

Children rotate together through academics,
recreational activities, lunch, recess and
swimming instruction. One hour daily was
dedicated to skills practice, during which children
performed drills to enhance and improve their
athletic abilities. Two additional hours were
devoted to age-appropriate team sports (e.g.,
soccer, tee-ball/softball, basketball).

Simulated developmental horse-riding program
(SDHRP) combined with fitness training.
(Exercise program):

12 weeks, once per week, 90 minutes per session.
Warm-up: 5 minutes Floor activities, low-stress
stretching for large muscle groups. Simulated
Riding Development Program (SDRHP): 45 min.
a) First period: 15 min Simulated riding skills with
various arms. b) Second period: 15 min
Incremental increases in speed and difficulty. c)
Third period: 15 min Individual and group games
on the riding machine. Physical fitness training:
30 minutes. a) Progressive aerobic: 5 min
jogging/running. b) Strength: 15 min Push-
ups/abdominal crunches/ball games/exercise
stations. c¢) Flexibility: 10 minutes Slow and
relaxing movements of large muscle groups.

0.08 (Medium effect).

Motor skills (BOT-2) 1: Total
Motor Composite: p < 0.01 /
Large effect; Manual
Coordinationt: p <0.01 /
Large effect: Body
Coordinationt: p <0.01 /
Large effect; Fine Manual
Controlf: p <0.01 / Large
effect.

n*=0.11 (Medium effect);
Tee Ball: p <0.001 / partial
n* = 0.18 (Large effect);

Catching Accuracy p =
0.001 / partial 02 =0.12
(Medium effect).

Flexibility (Sit-and-Reach)
1: Right Leg: p <0.01/
Large effect; Left Leg: p <
0.01 / Large effect.
Strength and Agilityt: p <
0.01 / Large effect.

20-m PACER?T: p<0.01/
Large effect.

AIMS Medical Science

Continued on next page
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Authors Sample Intervention Data collection instruments  Other variables
of Motor performance
Pan et al. [47] 32 boys with ADHD, Racket-sport (table tennis exercise) Motor skills (BOT-2) 1: Executive function (Stroop

Pan et al. [48]

aged 6—12 years,
participated in this study.
Intervention: n =16
Control: n=16

32 boys with ADHD,
aged 6—12 years,
participated in this study.
Intervention: n =16
Control: n=16

three groups of children
(all boys) between the
ages of 7 and 12 years:
Groups 1 and 2 involved
children with ADHD
(training, n = 15; non-
training, n = 15), Group 3
involved TD children
without ADHD n = 30).

Sport training program:

12 weeks, 2 times per week, 70
minutes per session

Warm-up: 5 minutes

Motor skills practice: 20 minutes

Executive function training: 20 minutes

Group games: 20 minutes
Cool down: 5 minutes

Table tennis exercise

Exercise program:

12 weeks, 2 times per week, 70
minutes per session.

Warm-up: 5 min Table tennis basic

skills and teaching progression: 20 min
Executive function training through

table tennis exercises: 20 min
Group games and physical

Manual Coordination: p <
0.01 / Significant
interaction (Large effect
assumed); Strength and
Agility: p<0.01/
Significant time effect
(Large effect assumed);
Total Motor Composite: p <
0.01 / Significant time
effect (Large effect
assumed).

Motor skills (TGMD-2) 1:
Locomotor: p <0.001/d=
1.90 (Large effect); Object
Control: p<0.001 /d =
3.04 (Large effect).

Color-Word) 1: p <0.01/
Significant group x time
interaction (Large effect
assumed).

Behavior|

Social Problems: p <0.01 /
Significant time effect (Large
effect assumed).

Attention Problems: p < 0.01/
Significant time effect (Large
effect assumed).

Aggressive Behaviors: p <0.01 /
Significant time effect (Large
effect assumed).

Executive function 1:

Stroop Color-Word Test?:

p <0.001/d=2.07 (Large
effect).

WCST Total Correct?: p < 0.001
/d=1.19 (Large effect).

WCST Perseverative Errors|: p
<0.001/d=0.91 (Large effect).

conditioning: 20 min. Cool down: 5
min.

Continued on next page
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Authors Sample

Intervention

Data collection instruments
of Motor performance

Other variables

Torabi et al. [49] 15 girls and 10 boys
experimental
15 girls and 10 boys

control

Verret et al. [50] 21 participants (age in
years ranging from 7 to

12)

High-intensity intermittent training
(Exercise program): 6 weeks, 3 times per
week. 20-meter run with 30-20 seconds
rest between intervals. Gradual increase
of repetitions according to week:

Week 1-2: 4 repetitions
Week 3—4: 5 repetitions
Week 5-6: 6 repetitions

Moderate- to high-intensity structured

physical activity program
Physical activity program:

10 weeks, 3 times per week, 45 minutes

per session:
Warm-up

Core Part: Progressive aerobic, muscular

exercise, motor skills.

Motor competence
(BOTMP) 1: p=10.005/
partial n> = 0.099 (Medium
effect).

Motor skills (TGMD?2) 1:
Locomotion Skills: p =
0.006 / F(1, 14) = 8.885
(Large effect); Total Motor
Skills: p=10.007 / E(1, 14)
= 8.276 (Large effect)

Insulin resistance |: p=0.001/
partial n? = 0.142 (Medium-to-
large effect). Adiponectin 1: p =
0.001 / partial n> = 0.388 (Large
effect). Body fat |: p=10.046/
partial n> = 0.050 (Small effect).
BMI |: p=0.028 / partial n*> =
0.061 (Small-to-medium effect).
Problematic behavior (Reported
by Parents) |: p=0.033/ F(1,
16) = 3.943 (Medium effect).

Attention (Sky Search) 1: Score
Pondered p =0.03 / F(1, 19) =
3.847 (Medium effect).
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Authors

Sample

Intervention

Data collection instruments
of Motor performance

Other variables

Ziereis & Jansen [51]

43 children (32 boys and
11 girls)

Physical activity program:

14 weeks 1 time per week, 60 minutes
per session.

Group 1:

Week 1 Parental information; Week 2
Launching; Week 3 Balance training;
Week 4 acrobatics; Week 5 pointing and
throwing; Week 6 tennis; Week 7
slacklining; Week 8 juggling; Week 9
beach volleyball and handball; Week 10
Juggling; Week 11 Slacklining; Week 12
Coordination; Week 13 Throwing and
Catching; Week 14 Tests.

Group 2:

Week 1 Parental Information; Week 2
Sports games, relay races; Week 3—4
swimming; Week 5 wrestling games;
Week 6 and 7 climbing; Week 8
orienteering; Week 9 sports games, relay
races; Week 10 and 11 gymnastics,
trampolining; Week 12 field sports, long
jump; Week 13 Field sports, Sprint and
hurdle jumping; Week 14 Tests.

Motor performance (M-
ABC2) 1:p<0.001/
F(2,33)=9.925/1*=0.38
(Large effect).

Executive function 1

Working memory (digit span and
the letter—number-sequencing
task of the HAWIK V) 1:
Index-Score WM: p < 0.001 /
F(2,33) =10.075/n*=0.38
(Large effect).

Digit-Span Backward: p < 0.05 /
F(2,33)=3.438 /n*=0.17
(Medium effect).

Letter-Number Sequencing: p <
0.01/F(2,33)=5.851/1*>=0.26
(Medium effect).

Note: Own elaboration. Acronyms: 1 Significant increase; | Significant decrease; <> No significant change, ¢Changes in the final number of participants; CES-D: The
Center for Epidemiological Studies Depression Scale; WISC-IV: The Wechsler Intelligence Scale for Children-Fourth Edition; WCST: Wisconsin Card Sorting Test;
TGM2: Test of Gross Motor Development-2; BOTMP: Bruininks-Oseretsky Test of Motor Proficiency; MAC2: Movement Assessment Battery for Children-2; CDA:
Contralateral delay activity; Hrmax: Maximum Heart Rate.
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4. Discussion

The aim of the present research was to analyze the effects of PA, sport, exercise, play or physical
education interventions on the motor performance of children and adolescents diagnosed with
ADHD. Although not all the articles in their objective stated the evaluation of motor competence, in
their results, they did report significant improvements in motor skills, together with the variables of
their respective research.

Regarding exercise interventions, these were heterogeneous: we found aerobic exercise
interventions [38], an intervention with water exercise, acrobic exercise, and coordination [39], a
structured school exercise program [41], a multimodal therapy and High-Intensity Interval Training
(HIIT) intervention [43], an exercise and music intervention [44], an intervention with table tennis
exercises [46], a second intervention with table tennis exercises [48], a second research that applied
HIIT [49], and a second study that applied HIIT [49] to as the motor and physical performances. The
results found in this review are in line with those found by other authors, where exercise generates an
increase in the motor skills test scores.

Han et al. [53] concluded that exercise interventions improved the gross motor skills, physical
abilities, and motor coordination in children; however, these results are in children with obesity and
normal weight, not in children with ADHD. Nevertheless, they had some similarities in the
interventions they used, namely in duration, in the way of evaluating the motor performance and in the
improvement. Therefore, it suggests that regardless of the condition, the implementation of this type
of intervention will be beneficial in the motor performance, especially in children with ADHD, since
they have lower levels of motor performance [54]. Even the development of physical education classes
in children is related to a lower level of ADHD symptoms [55].

As for sports interventions, we found several proposals developed by researchers, which consisted
of learning programs in swimming [40], judo [42], sports instruction in team games [45], and table
tennis [47]. All research reported significant effects on motor competence and on other variables such
as cognitive health, executive function, cognitive performance, and social functioning. The results
found in sports interventions are similar to the results reported in two reviews: the first reported
significant benefits in motor coordination, executive function, cognitive function, academic
performance, behavior, and social skills [56]; and the second review reported benefits in ADHD
symptomatology [29]. On the other hand, regarding the adult ADHD population, results have been
evidenced with improvements in inattention and hyperactivity symptomatology in those who have
participated in a vigorous swimming intervention [17], as well as improvements in executive function
for those who participates in acute exercise-based interventions [57].

Finally, within the interventions developed through PA, one of them had a moderate to high intensity,
but combined several activities for the achievement of intensity [50], and the second research developed
a PA program that combined individual and group activities [51]. Both interventions reported
improvements in motor competence and in variables such as physical fitness, behavior, cognitive
functions, and executive functions. These results are similar to those reported by Carriedo [19], where
he mentions that, regardless of the type of PA or its manifestation, it brings positive behavioral,
neurocognitive, physical, and motor benefits in children with ADHD. Finally, the regular practice of PA
in children and adolescents produces favorable results in health, well-being, physical, psychological,
social, postural, motivational, and motor coordination, among others [58].
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4.1. Strengths

This review allowed us to explore different types of interventions subcategorized in exercise,
sport, and PA in children and adolescents diagnosed with ADHD. Although all the research reported
significant results in motor competence, positive effects were also reported in other variables that are
transferable to the daily lives of those who participated.

4.2. Limitations

This review has some limitations, among which the following can be identified: all interventions
in terms of duration, type of intervention, session duration, sample confirmation, and research designs
and objectives were heterogeneous, which limits the identification of which type of intervention is the
most appropriate over the others. Another limitation was that a gray literature search was not performed
because other types of programs were not identified, possibly due to the search strategies used.
Moreover, a meta-analysis was not performed, which could perhaps have allowed for a better
quantification and comparison of the results. Another important point is that due to the high risk of
bias in the studies included in the review according to the RoB tool, the results should be viewed with
caution, and future research protocols should be improved, especially in terms of randomization and
blinding. Finally, the level of ADHD of the participants was not considered, nor was the diagnostic
method examined in detail. This is a very important point to consider in future research, as it could
help distinguish which intervention might be most effective, depending on the type of ADHD.

4.3. Future lines of research

In future research, it would be ideal to present the results by type of ADHD and conduct a
meta-analysis to precisely explain which intervention is the most effective.

Furthermore, it would be very interesting to look for interventions with more heterogeneous
samples. Although this disorder is prevalent worldwide in men, it could be useful to examine whether
the effects are as similar in men as in women.

Additionally, examining the beneficial effect of intensity can be a very important point when
recommending exercise interventions.

Finally, we encourage you to review the benefits of HIIT, as it remains an understudied tool, but
is very interesting due to the short time required to perform it.

4.4. Practical implications

Although the interventions have different duration times per session, it is suggested that the
beneficial results can be from short bouts of exercise, such as HIIT or 20-meter sprints, or larger
training sessions. Shorter sessions can improve motor skills; however, larger training sessions improve
the executive functions, attention, and/or positive behaviors. This could help select the adequate
intervention according to the child’s needs; therefore, it is possible to carry out extracurricular or
complementary interventions to the physical education class in schools and/or kindergartens to
promote improvements in the motor skills of children and adolescents with ADHD.
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5. Conclusions

This systematic review showed the positive effects of physical activity, sports, exercise in motor
performance in children and adolescents with ADHD. No interventions of play or physical education
programs were found, though some of the programs were performed in a school context. In addition,
positive results were evidenced in variables such as cognitive functions, executive functions, and the
academic and social performances of children and adolescents with ADHD.
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