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Objective: To investigate the effects of different combinations of exercise
prescription variables (type, duration, frequency, period, intensity) on inhibitory
control in children and adolescents with ADHD, and to provide a basis for the
development of exercise prescriptions for intervening inhibitory control in
children and adolescents with ADHD.

Methods: Data sources were searched up to February 1, 2025, including Scopus,
PubMed, Web of Science, Embase, and Cochrane. The Cochrane Risk of Bias
Assessment Tool was utilized for methodological quality assessment. Stata 17.0
software was used for net meta-analysis to compare the interventions with each
other, using standardized mean difference (SMD) and 95% CI as the effect
indicators. The effect differences between the interventions were compared
using standardized mean difference (SMD) and 95% Cl as effect indicators, and
the effects of exercise prescription variables were ranked using Surface Under the
Cumulative Ranking Area (SUCRA).

Results: Twenty papers with 1450 participants aged 7-18 years were finally
included. Net Meta-analysis showed that the intervention duration of 70 minutes
(SMD=2.15, 95% CI (1.02,3.28)) was significantly better than the control group.
The intervention effect was significantly better for 2 times per week (SMD=1.27,
95% CI: (0.65,1.90)) than for the control group, and the intervention effect for at
least 20 weeks (SMD=1.37, 95% CI (0.32,2.41)) was significantly better than the
intervention effect for 12 weeks. moderate to high intensity (SMD = -0.14, 95% Cl
(-0.68, -0.40)) was significantly lower than moderate intensity (all P values <
0.05). The ranking of the SUCRA results showed that the intervention effect of
Taekwondo (SUCRA=87.1), 70 minutes/repetition (SUCRA=99.0), twice per week
(SUCRA=97.8), and continued for at least 20 weeks (SUCRA=92.5) and moderate
intervention intensity (SUCRA=98.9) may have the best effect on inhibitory
control effects in children and adolescents with ADHD.

Conclusion: This study found that for the improvement of inhibitory control in
children and adolescents with ADHD, a moderate-intensity taekwondo exercise
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intervention model of 70 minutes twice a week for at least 20 weeks can achieve
more satisfactory results, which provides a program choice with reference value
for relevant clinical intervention practice.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,
identifier CRD420251019338.

exercise prescription, inhibitory control, ADHD, children and adolescents, meta-analysis

1 Introduction

Attention deficit hyperactivity disorder (ADHD) is the most
common neurodevelopmental disorder among children and
adolescents, with a global prevalence of ADHD of approximately
5-7% (1). The core symptoms of ADHD include inattentiveness,
hyperactivity, and impulsive behaviors, which have a serious impact
on children and adolescents’ academic, social, and family lives (2).
One of the major functional deficits in ADHD is inhibitory control
deficit, which is manifested by poor impulse control and difficulties
in behavioral regulation (3, 4). Although medication is currently the
mainstay of treatment for ADHD, drugs may cause side effects such
as loss of appetite, insomnia, and anxiety, which has prompted
researchers to look for other non-pharmacological interventions to
minimize the side effects of drugs (5).

In recent years, physical activity as a non-pharmacological
intervention has gradually gained widespread attention from
researchers, and relevant studies have shown that physical activity
can improve nerve conduction, regulate neurotransmitter levels, and
enhance inhibitory control in children and adolescents with ADHD,
thereby alleviating the symptoms of ADHD (6, 7). On this basis,
exercise can promote the optimization of neural activity patterns by
improving brain activity, especially adaptive changes in the prefrontal
cortex, which has a significant effect on improving attention, impulse
control, and behavioral inhibition in children and adolescents with
ADHD (8). Guidelines organized by the Canadian Paediatric Society
(CPS) also recommend physical activity as an effective means of
ADHD treatment, emphasizing the ability of exercise to improve
behavioral performance in children and adolescents with ADHD (9,
10). Hua et al. have proposed in the literature to investigate the effects
of different exercise prescription variables on improving inhibitory
control in patients with ADHD through a neurobiological
mechanism (10). Inhibitory control effects in ADHD patients (11).
While exercise prescription guidelines are based on the FITT
principle (Frequency, Intensity, Time, Type), each element is
interrelated and interacts with each other, and a rational design can
significantly enhance the effectiveness of the intervention (12).

Although meta-studies have been conducted to show that
exercise interventions have a positive effect on inhibitory control
in participants with ADHD (13, 14), as Yang et al. found that
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cognitive-motor training was the most effective for inhibitory
control in their meta-analysis (13), and Zhu et al. mentioned that
open-skill activities were the most effective in improving inhibitory
control in children with ADHD in their meta-analysis (15).
However, systematic comparisons of the effects of factors such as
exercise type, intensity, and frequency on intervention effects are
still scarce. The advantage of reticulated Meta-analysis is that it can
indirectly compare the effects of various interventions by using the
effects of multiple interventions as a mediator, which can overcome
the limitation that traditional Meta-analysis can only deal with the
direct comparison of two interventions even if there is a lack of
direct comparative evidence, thus improving the precision of the
analysis (4). However, there is currently no review that explores the
effect of the FITT variable on the inhibitory control of children with
ADHD, therefore, this study aimed to provide recommendations
for exercise programs to alleviate inhibitory control in children and
adolescents with ADHD by conducting a reticulated Meta-analysis
of randomized controlled trials of inhibitory control in children and
adolescents with ADHD.

2 Methods

This systematic evaluation was conducted following the
requirements of the Priority Reporting Entries for Systematic
Reviews and Meta-Analyses: a PRISMA Statement and was
registered on the prospective registry platform PROSPERO under
the registration number CRD420251019338 (16). Also, and results
were reported according to the network meta-analysis extended
reporting guidelines (PRISMA-NMA) (17).

2.1 Literature search strategy

Five databases were searched: PubMed, Web of Science, Embase,
Scopus, and Cochrane, with the search date ending on February 20,
2025, from the start date of each database. The following combinations
of search terms were used: @exercise, Strength Training, physical
exercise, physical activity, sports, fitness, Functional Training, Exercise
Therapy; @ ADHD children, ADHD children, elementary school
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students, adolescents, young adults, school-aged children, school-aged
people; @ executive functioning, working memory, inhibitory control,
cognitive flexibility, goal-directed behavior, task switching, short-term
memory, retentive retraining, impulse control, response inhibition,
interference inhibition, transitive stereotyping, multitasking, RCT,
experiment, trial through Boolean logical operators “AND” was
used to connect the 3 groups of words, in addition to the inclusion
of studies by tracking the literature in published systematic evaluations
and meta-analyses to ensure the comprehensiveness of the retrieved
literature. Taking Web of Science as an example, the search formula is:
TS=(exercise OR “Strength Training” OR “physical exercise” OR
“physical activity” OR sports OR fitness OR “Functional Training”
OR ‘Exercise Therapy’) AND TS=(“ADHD children” OR ‘primary
school students” OR adolescents OR juvenile OR ‘school children’ OR
“school-age population”) AND TS=(“executive functions” OR
‘working memory’ OR ‘inhibitory control’ OR ‘cognitive flexibility’
OR ‘goal - directed behavior’ OR  task - switching” OR ‘short - term

TABLE 1 Complete search strategy for databases.

10.3389/fpsyt.2025.1601765

memory OR ‘maintenance rehearsal’ OR ‘impulse control’ OR
‘response inhibition” OR ‘interference inhibition” OR “ set - shifting”
OR ‘multitasking’ OR RCT OR experiment OR trial). Details of the
search strategy are given in Table 1.

2.2 Literature inclusion and exclusion
criteria

Inclusion and exclusion criteria for the literature were
developed according to the PICOS principle (18). The retrieved
literature was de-duplicated by using EndNote 20 software (19).
The titles and abstracts of the retrieved literature were initially
screened by two independent evaluators using a double-blind
approach based on the inclusion and exclusion criteria of the
literature. Literature that might meet the inclusion criteria was
downloaded in full text and re-screened to finalize the included

Database Search Strategy

Pubmed

Web

of science AND

"multitasking” OR RCT OR experiment OR trial)

Embase
[emtree]/exp

"multitasking” OR RCT OR experiment OR trial) [emtree]/exp
4.1 AND 2 AND 3

Scopus
"Exercise Therapy")

shifting” OR "multitasking” OR RCT OR experiment OR trial)
4.1 AND 2 AND 3

Cochrane
[MeSH Terms]

"multitasking” OR RCT OR experiment OR trial) [MeSH Terms]
4.1 AND 2 AND 3
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((exercise[MeSH Terms] OR "Strength Training"[MeSH Terms] OR "physical exercise"[MeSH Terms] OR "physical activity'[MeSH Terms] OR sports
[MeSH Terms] OR fitness[MeSH Terms] OR "Functional Training'[MeSH Terms] OR "Exercise Therapy'[MeSH Terms]) AND

("ADHD"[MeSH Terms] AND children[MeSH Terms] OR "primary school students"[MeSH Terms] OR adolescents[MeSH Terms] OR juvenile[MeSH
Terms] OR "school children"[MeSH Terms] OR "school-age population"[MeSH Terms]) AND

("Executive Function"[MeSH Terms] OR "Working Memory'[MeSH Terms] OR "Inhibitory Control"[MeSH Terms] OR "Cognitive Flexibility'[MeSH
Terms] OR "Goal-Directed Behavior'[MeSH Terms] OR "Task Switching"[MeSH Terms] OR "Short-Term Memory'[MeSH Terms] OR "Maintenance
Rehearsal'[MeSH Terms] OR "Impulse Control'[MeSH Terms] OR "Response Inhibition"[MeSH Terms] OR "Interference Inhibition"[MeSH Terms] OR
"Set Shifting"[MeSH Terms] OR "Multitasking"[MeSH Terms] OR "RCT"[MeSH Terms] OR "experiment'[MeSH Terms] OR "trial'[MeSH Terms]))

TS=(exercise OR "Strength Training" OR "physical exercise" OR "physical activity" OR sports OR fitness OR "Functional Training" OR "Exercise Therapy")

TS=("ADHD children" OR "primary school students” OR adolescents OR juvenile OR "school children" OR "school-age population") AND
TS=("executive functions" OR "working memory" OR "inhibitory control" OR "cognitive flexibility" OR "goal-directed behavior" OR "task-switching" OR
"short-term memory" OR "maintenance rehearsal” OR "impulse control" OR "response inhibition" OR "interference inhibition" OR "set-shifting" OR

1. (exercise OR "Strength Training" OR "physical exercise” OR "physical activity” OR sports OR fitness OR "Functional Training" OR "Exercise Therapy")

2. ("ADHD children" OR "primary school students" OR adolescents OR juvenile OR "school children" OR "school-age population") [emtree]/exp
3. ("executive functions”" OR "working memory" OR "inhibitory control" OR "cognitive flexibility" OR "goal-directed behavior" OR "task-switching" OR
"short-term memory" OR "maintenance rehearsal’ OR "impulse control" OR "response inhibition" OR "interference inhibition" OR "set-shifting" OR

1. TITLE-ABS-KEY (exercise OR "Strength Training” OR "physical exercise" OR "physical activity" OR sports OR fitness OR "Functional Training" OR

2. TITLE-ABS-KEY("ADHD children" OR "primary school students” OR adolescents OR juvenile OR "school children" OR "school-age population")
3. TITLE-ABS-KEY ("executive functions” OR "working memory" OR "inhibitory control" OR "cognitive flexibility" OR "goal-directed behavior" OR "task-
switching" OR "short -term memory" OR "maintenance rehearsal” OR "impulse control" OR "response inhibition" OR "interference inhibition" OR "set-

1. (exercise OR "Strength Training" OR "physical exercise" OR "physical activity” OR sports OR fitness OR "Functional Training" OR "Exercise Therapy")

2. ("ADHD children" OR "primary school students” OR adolescents OR juvenile OR "school children" OR "school-age population”) [MeSH Terms]
3. ("executive functions" OR "working memory" OR "inhibitory control” OR "cognitive flexibility" OR "goal-directed behavior" OR "task-switching" OR
"short-term memory" OR "maintenance rehearsal" OR "impulse control" OR "response inhibition" OR "interference inhibition" OR "set-shifting" OR
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literature. The inclusion criteria were as follows: (1) Population
(Population): the study population was children and adolescents
with attention deficit hyperactivity disorder (diagnosed according
to the Diagnostic and Statistical Manual of Mental Disorders, fourth
and fifth editions) under the age of 18 years. (2) Interventions:
studies that included any form of exercise intervention, with no
mandatory requirements for type, duration, intensity, and
frequency of exercise, but with a minimum of 4 weeks of exercise
intervention. (3) Control: The control group was treated in the
usual way, including maintaining daily activities, health education,
or routine care. (4) Outcomes: inhibitory control. (5) Study design:
randomized controlled trial (RCT). Exclusion criteria were as
follows: (1) studies focusing only on the physical fitness and
motor skills of children and adolescents with ADHD; (2) studies
using healthy children and adolescents as comparisons; (3) reviews,
abstracts, letters, and commentaries that lacked a clear description
of the study design; and (4) articles with incomplete data and where
the required data could not be obtained by other means.

2.3 Data extraction

Literature screening and data extraction were done independently
by two subject group members who are researchers with evidence-
based methodology and have a long history of working with
participants with ADHD (20). During the screening or data
extraction process, the two researchers extracted independently, and
in case of disagreement, they would discuss with the subject group
members, negotiate together, and reach a consensus decision. During
this process, the main focus was on extracting the following types of
key information: the first author of the study, the date of publication of
the article, the sample size of the participants, the type of intervention,
the duration of the intervention, the frequency of the intervention, the
period of the intervention, the intensity of the intervention, as well as
the main outcome indicators used to assess the effectiveness of the
intervention were entered into an Excel sheet and stored.

2.4 Risk of bias evaluation of included
studies

In this study, the risk of bias assessment of all included studies was
based on PROSPERO’s registration statement and was independently
assessed using the Cochrane Risk of Bias Assessment Tool. The
assessment framework covered the following seven aspects, including the
validity of the randomization method, the implementation of blinding of
trial participants and operators, the blinding status of the outcome assessors,
the concealment of the allocation process, the completeness and accuracy of
the outcome data, the presence of selective reporting of study results, and
other potential bias factors. The quality risk of each study was also
categorized into three categories: low risk, high risk, and uncertain risk. If
any disagreement on risk of bias arises in the assessment, the assessors will
reach a consensus through discussion. If consensus still cannot be reached,
the corresponding author will make the final decision based on his/her
judgment and taking into account the opinion of the majority of
the assessors.
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2.5 Statistical methods

This study was analyzed using Stata 17.0 software (21). Since the
outcome indicators were continuous values and the evaluation tools
and units used for individual studies were different, the
standardized mean difference (SMD) was used as the effect size
indicator to ensure consistency and comparability of the analyses
and to accurately calculate the combined effect size. To further
compare the efficacy of different interventions, we used the Surface
Under the Cumulative Ranking Area (SUCRA) method to rank the
interventions, with values ranging from 0 to 100; the higher the
value, the better the efficacy of the effect, which further indicates the
relative efficacy of the intervention in improving inhibitory control
in participants with ADHD. SUCRA is a statistical method based on
reticulated meta-analysis to quantify the relative efficacy of each
intervention across all possible interventions. In reticulated meta-
analysis, consistency reflects the similarity between the results of
direct and indirect comparisons, and higher consistency indicates
more reliable reticulated meta-analysis results. The global
consistency test for the exercise intervention modality showed
better global consistency for the type of exercise (P=0.235).
Further consistency tests for closed rings showed that the lower
limit of the inconsistency factor contained 0, indicating better
consistency of the rings, and thus, the consistency model was
used for the analysis. Single exercise time, exercise intervention
frequency, exercise intervention period, and exercise intensity did
not form a closed loop and therefore did not need to be tested
for consistency.

2.6 Evidence certainty assessment

This study utilized the GRADE system assessment tool to
evaluate the quality of evidence for all outcome indicators, and
the results showed that there were 3 high-level evidence, 11
intermediate-level evidence, 5 low-level evidence, and 1 very low-
level evidence (see Table 2). Among the downgrading factors,
limitations were the main downgrading factor, 17 were
downgraded because of limitations, most of the literature only
mentioned randomization without describing the method of
generating random numbers, most of the literature did not use
blinding and allocation concealment, and only a few of the literature
described the method of single-blind or double-blind and allocation
concealment. ,

3 Results
3.1 Results of literature search

A total of 789 documents were retrieved from various databases
and other sources, 115 documents were excluded after checking,
and the remaining 674 were further screened. Eventually, 20
documents were included, covering a total of 1450 subjects, and
the screening process is shown in Figure 1.
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TABLE 2 Evaluation of the quality of evidence in the included literature.

10.3389/fpsyt.2025.1601765

Author & Year Limitations Inconsistency Indirectness Imprecision Pubgf:ation Le_vel
ias of Evidence
Verret et al,2012 (22) -1 0 0 0 0 Moderate
Ziereis et al,2015 (23) -1 0 0 0 0 Moderate
Ji et al,2022 (24) -1 0 0 0 0 Moderate
Kadri et al,2019 (25) -1 0 0 0 0 Moderate
Memarmoghaddam 1 0 0 1 0 Low
et al,2016 (26)
Hoza et al,2015 (27) -1 0 0 0 0 Moderate
Bustamante et al,2016 (28) -1 -1 -1 0 0 Very Low
Choi et al,2015 (29) -1 0 -1 0 0 Low
Chou et al,2017 (30) -1 0 0 0 0 Moderate
Benzing et al,2019 (31) -1 -1 0 0 0 Low
Liang et al,2022 (32) 0 0 0 0 0 High
Jensen et al,2004 (33) -1 0 0 0 0 Moderate
Nejati et al,2021 (34) -1 -1 0 0 0 Low
Pan et al,2016 (35) -1 -1 0 0 0 Low
Silva et al,2019 (36) -1 0 0 0 0 Moderate
Berg et al,2019 (37) -1 0 0 0 0 Moderate
Hattabi et al,2019 (38) -1 0 0 0 0 Moderate
Rezaei et al,2018 (39) 0 0 0 0 0 High
Chang et al,2022 (40) 0 -0 0 0 0 High
Li et al,2025 (41) -1 0 0 0 0 Moderate

3.2 Basic characteristics of the included
literature

In the 20 included studies, there were 1450 subjects with an age
range of 7-18 years old. The main types of exercise interventions in
the experimental group included aerobic exercise, sports games,
Exergame, bicycle practice, Tackwondo, yoga, combination sports,
table tennis, swimming, and qigong. Intervention cycles covered 4-
5 weeks, 6 weeks, 8 weeks, 9-10 weeks, 12 weeks, and lasted at least
20 weeks. The frequency of interventions included 1, 2, 3, and 5
sessions. Intervention duration was 10-31 minutes, 40-50 minutes,
60 minutes, 70 bells, and >90 minutes. Intervention intensity was
moderate intensity; medium to high intensity. Please see Table 3 for
detailed basic characteristics of the included literature.

3.3 Evaluation of the quality of the
included literature

RevMan 5.4 software and the Cochrane Risk of Bias Assessment
Tool were used as criteria for a comprehensive and rigorous
assessment of the quality of the literature included in the analysis
(42). The results of the Cochrane risk of bias assessment for each study
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are displayed in Figure 2, while Figure 3 visualizes the overall
distribution of risk of bias. Studies were classified as low risk in the
selection bias assessment if they were assigned using randomization.
In contrast, studies that did not use randomization or did not report
the randomization process were labeled as high risk of bias. The results
of the risk of bias assessment for each study are detailed in Table 4.

3.4 Results of reticulation meta-analysis

3.4.1 Reticulation Meta-analysis

Reticulated Meta-analysis is a method of synthesizing direct and
indirect evidence that allows the effects of more than two
interventions to be compared simultaneously. In a reticulation
graph, each node represents an intervention, the size of the area
of the node reflects the sample size, and the thickness of the lines
connecting the nodes indicates the number of included studies. See
Figure 4 for a specific reticulation evidence map.

3.4.2 Results of two-by-two comparisons

between elements of exercise prescription
According to the data in Figure 5, swimming (SMD=1.27, 95%

CI: (0.35,2.19)), p<0.05 was significantly better than the control
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FIGURE 1

PRISMA flow diagram of the study process.

group, while aerobic exercise (SMD=-1.39, 95% CI: (-2.49,-0.29))
was significantly less effective than swimming exercise intervention,
and yoga (SMD=1.03, 95% CI: (0.04,2.02)) was significantly better
than aerobic exercise intervention. According to the data in Figure 6
the intervention duration of 40-50 minutes (SMD=1.12, 95% CI:
(0.69,1.56)) and 70 minutes (SMD=2.15, 95% CI (1.02,3.28)) was
significantly better than the control group. Whereas the
intervention effect minutes of 40-50 minutes (SMD=0.83, 95%
CI: (0.26,1.40)) was significantly better than the intervention
effect minutes of 10-31 minutes, the intervention effect minutes
of 60 minutes (SMD=-0.87, 95% CI: (-1.53,-0.22)) was significantly
lower than the intervention effect minutes of 40-50 minutes, and
the intervention effect minutes of 70 minutes (SMD=1.90,95%ClI:
(0.67,3.13)) intervention effect was significantly better than the 60-
minute intervention effect, and the >90-minute (SMD=-2.07,95%CI
(-3.30,-0.84)) intervention effect was significantly lower than the 70-
minute intervention effect and the 60-minute (SMD=-1.05,95%CI
(-1.70,-0.40)) intervention Effect. According to the data in Figure 7
the intervention effect of 2 times per week (SMD=1.27, 95% CI:
(0.65,1.90)) was significantly better than that of the control group,
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whereas the intervention effect of 3 times per week (SMD=-1.04,
95% CI (-1.81,-0.26)) was significantly lower than that of 2 times
per week, and that of 5 times per week (SMD=-1.13, 95% CI (-2.00,
-0.25)) was significantly lower than that of 2 times per week. 2.00,
-0.25)) had a significantly lower intervention effect than 3 times.
According to the data in Figure 8, the intervention effect of an
intervention period of 8 weeks was significantly better than the
intervention effect of 6 weeks (SMD=1.71, 95% CI: (0.45,2.98)) and
4-5 weeks (SMD=0.94, 95% CI: (0.43,1.45)), and the intervention
effect of 9-10 weeks (SMD=-0.97, 95% CI (-1.77,- 0.18)) was
significantly lower than the intervention effect of 8 weeks, and the
intervention effect of lasting at least 20 weeks (SMD=1.37, 95% CI
(0.32,2.41)) was significantly better than the intervention effect of 12
weeks, as well as the intervention effect of 6 weeks (SMD=2.11, 95%
CI(0.67,3.54)) and the intervention effect of 4-5 weeks (SMD=1.33,
95% CI (0.47,2.19)) intervention effects. According to the data in
Figure 9, the intervention effect of medium to high intensity was
significantly lower than that of medium intensity (SMD=-0.14, 95%
CI (-0.68, -0.40)), and there was no significant difference in the
other two-by-two comparisons.
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FIGURE 2

Bias risk diagram for each item.

3.4.3 Probabilistic ranking of optimal
interventions for each element of exercise
prescription

According to SUCRA from Table 5 and Figure 10, the order of
the effects of different types of exercise interventions on the
participants with ADHD was: Taekwondo (SUCRA=87.1) > Table
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tennis (SUCRA=85.2) > Swimming (SUCRA=80.5) > Yoga
(SUCRA=69.8) > Exergame (SUCRA=52.1) > Combination
exercise (SUCRA=43.6) > Qigong (SUCRA=34.1) > Qigong
(SUCRA=34.1) > Qigong (SUCRA=34.1) Swimming
(SUCRA=80.5)>Yoga (SUCRA=69.8)>Exergame (SUCRA=52.1)
>Combination exercise (SUCRA=43.6)>Qigong (SUCRA=34.1)
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FIGURE 3
Overall bias risk diagram.

>Cycling exercise (SUCRA=31.5)>Sports games (SUCRA=23.9).
Aerobic exercise (SUCRA=23.8)>Con (SUCRA=18.4).

The ranking of the effects of different exercise intervention
durations on the intervention effects on participants with ADHD
was: 70min (SUCRA=99.0) > 40- 50min (SUCRA=80.8) > 10-
31min (SUCRA=45.1) > 60min (SUCRA=39.8) > >90min
(SUCRA=23.6) > Con (SUCRA=11.7).

The effects of different exercise intervention frequencies on
participants with ADHD were ranked as follows: 2 times
(SUCRA=97.8) > 1 time (SUCRA=53.6) > 3 times (SUCRA=45.5)
> 5 times (SUCRA=35.8) > Con (SUCRA=17.8).

The rank order of the effect of different exercise intervention
cycles on the effect of intervention on participants with ADHD was:
> 20 weeks (SUCRA=92.5) > 8 weeks (SUCRA=80.2) > 4-5 weeks
(SUCRA=68.9) > 12 weeks (SUCRA=54) > 9-10 weeks
(SUCRA=25.3) > 6 weeks (SUCRA=24.4) > Con (SUCRA=4.6).

The ranking of the effects of different exercise intervention
intensities on the effects of the intervention on participants with
ADHD was Moderate intensity (SUCRA=98.9) > Medium to high
intensity (SUCRA=35.6) > Con (SUCRA=15.6).

3.5 Sensitivity analysis

In this study, a sensitivity analysis was conducted to investigate
the sources of heterogeneity using the leave-one-out method (43).
The results of the analysis showed that the fluctuation range of the
combined effect value remained between 0.05 and 0.95 after
the removal of any single literature. This indicates that the
deletion of each piece of literature has a more limited impact on
the overall combined effect value, suggesting that the analytical
results of this study have a high degree of stability and reliability.
Therefore, it can be confirmed that the conclusions obtained are
highly robust.
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3.6 Publication bias test

As can be observed from Figure 11, the funnel plot of each
indicator is roughly symmetrically distributed, and most of the data
points are located in the inner part of the funnel plot, while only a
few data points are located in the outer part of the funnel. Overall,
the distribution pattern of the funnel plot suggests that there may be
a small publication bias in this study. To further verify this, this
study assessed publication bias using the Egger test, which showed a
p-value of 0.119. This result suggests that no significant publication
bias was found (44). However, even though the statistical analysis
failed to reveal significant bias, the results of the study need to be
interpreted with caution because publication bias may not have
been completely ruled out, and other potential factors may still
affect the reliability of the results.

4 Discussion

Although several systematic reviews and meta-analyses have
recently discussed the effects of exercise on interventions for
individuals with ADHD (45, 46), our reticulated meta-analysis is
the first to discuss the effects of exercise on inhibitory control in
individuals with ADHD concerning the components of exercise
prescription. In addition, we ranked the magnitude of the effect of
different exercise types, exercise frequency, exercise duration,
exercise period, and exercise intensity on inhibitory control in
children and adolescents with ADHD, which will help to further
identify the most effective exercise intervention prescriptions in the
population of children and adolescents with ADHD.

The present study found through a net meta-analysis that the
best type of exercise to improve inhibitory control in children and
adolescents with ADHD may be tackwondo; the best duration of
intervention may be 70 min; the best frequency of intervention may
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Network evidence diagram. 1,con;2,Aerobic exercise;3,Sports games;4,Exergame;5,Cycling exercise;6,Taekwondo;7,Yoga; 8, Combination exercise;9,
Table tennis;10,Swimming;11,Qigong; A,con;B,1times;C,2times;D,3times;E,5times;H,con;1,10-31min;J,40-50min;K,60min;L,70min;M,>90min;a,con;
b,4-5weeks;c,6weeks;d,8weeks;e,9-10weeks;f,12weeks;j,>20weeks;N,con;O,Moderate intensity;P,Medium to high intensity.

be 2 times/week; the best cycle of intervention may be one that lasts
for at least 20 weeks; and the best intensity of intervention may be of
moderate intensity. The possible reasons for this lie in the theory of
brain plasticity, which has been explored by academics in terms of
neurophysiological mechanisms (47). This theory suggests that
prolonged exercise triggers structural and functional changes in
the brain, increasing the capacity of the prefrontal cortex, which in
turn affects cognitively active areas of the brain. Notably, inhibitory
neurons are heavily distributed in these regions (48). In addition,
related studies have also shown that long-term participation in
sports has a more significant intervention effect on children and
adolescents with ADHD (49).

Taekwondo may be the best type of exercise to improve
inhibitory control in youth with ADHD, but given the limited
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sample size and literature, tackwondo needs to be promoted with
caution despite its potential to be the best exercise. This result is
somewhat different from the existing Meta-analysis. The results of
the established Meta-analysis suggest that ball games may be the
type of intervention that has the best impact on youth with ADHD
(11). From a neurophysiological perspective, physical activity can
directly affect the release of neurotransmitters in the brain, which in
turn alters neural circuits (50), especially in populations with
ADHD, where brain regions such as the prefrontal cortex and the
basal ganglia are often underfunctioning and accompanied
by deficiencies of neurotransmitters, such as dopamine
and norepinephrine, which are essential for inhibitory
control (51), and the effect of different types of exercise on the
neurotransmission systems vary (52, 53). Tackwondo, on the other
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League table of pairwise comparisons of intervention effects among exercise type elements
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-1.05 (-1.70,-0.40) 1.02 (-0.18.,2.23) -0.87 (-1.53,-0.22)

40-50min

0.83 (0.26,1.40) 10-31min

0.08 (-0.41,0.56) 2.15 (1.02,3.28) 0.25 (-0.24,0.74)

1.12 (0.69,1.56) 0.29 (-0.07,0.66)

FIGURE 6

League table of pairwise comparisons of intervention effects among exercise duration elements.

Stimes

-0.09 (-0.85,0.68) 3times

-0.26 (-1.44,0.93) -0.17 (-1.28,0.94)
0.15 (-0.47.,0.76) 0.24 (-0.22,0.69)
FIGURE 7

-1.13 (-2.00,-0.25) -1.04 (-1.81,-0.26) 2times

0.87 (-0.32,2.06) 1times

1.27 (0.65,1.90)

0.41 (-0.61,1.42)

League table of pairwise comparisons of intervention effects among exercise frequency elements.

hand, as an offensive and defensive sport, involves body
coordination, concentration, and self-control, which not only
provides a physical exercise effect, but also an exercise for the
brain (54). Tackwondo training requires children and adolescents
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to be highly concentrated in executing movements, especially when
performing precise kicking, fighting, and defending, which requires
the participants’ brains to make quick judgments and decisions in a
short period of time (55). At this time, increased activity in the
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(-2.94,0.12) (-1.56,0.06)

FIGURE 8

League table of pairwise comparisons of intervention effects among exercise period elements

prefrontal cortex promotes the release of dopamine and
norepinephrine, which in turn improves the brain’s ability to
control attention and inhibit impulses (56).

In addition, the present study also explored the effect of
intervention duration on inhibitory control in youth with ADHD,
and the duration of 70 minutes per intervention may be optimal, a
finding that is consistent with the results of an existing meta-
analysis, which also pointed out that a prolonged exercise
intervention each time had a positive effect on improving
inhibitory control in youth with ADHD (57). According to
research, interventions of moderate exercise duration can help
children and adolescents maintain high levels of attention and
help to improve self-control after exercise (58). 70-minute
exercise interventions may have the best intervention effect on
inhibitory control in youth with ADHD, which may be closely
related to the temporal characteristics of neurotransmitter release in

Moderate to high intensity

-0.14 (-0.68,-0.40)

0.85 (-1.28,0.42)

the brain (59). Studies have shown that exercise lasts 45 to 60
minutes to significantly increase dopamine and norepinephrine
neurotransmitter release (60). And concentrations of these
neurotransmitters peak between 15 and 30 minutes after exercise
(61). Thus, the 70-minute exercise duration coincides with two
critical periods of neurotransmitter release: the first 60 minutes of
exercise activate transmitter release, and the next 10 minutes is the
period of peak transmitter concentration when training maximizes
the effects of inhibitory control (62, 63). In contrast, short durations
of 40 to 50 min of exercise, while capable of triggering
neurotransmitter release, release relatively small amounts that are
insufficient to fully activate relevant receptor pathways in the
prefrontal cortex of the brain (64). Although a 60-minute exercise
duration can satisfy the demand for neurotransmitter release, the
lack of a maintenance phase of peak transmitter concentration can
lead to a reduced neuroplasticity effect, while on the other hand, it

Moderate intensity

0.71 (-1.40,0.02)

FIGURE 9

League table of pairwise comparisons of intervention effects among exercise intensity elements. The red numbers are statistically significant
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TABLE 3 Basic characteristics of included studies.

10.3389/fpsyt.2025.1601765

. Mean
Sample size cee e
Author & year  Country ge ly Instrument
E E C
45min, 3times/week, 10weeks,
Verret et al,2012 (22) Canada 10 11 910+ 1.10 Combination exercise w‘ R W
moderate intensity
9.20 9.5 Aerobic exercise/
Ziereis et al,2015 (23) Germany 13/14 16 60min, ltimes/week, 12weeks
+ 1.30 + 1.40 Sports games
South 20min, 2ti k. 4weeks,
Ji et al,2022 (24) ou 16 14 10.50 + 1.20 Exergame min, 2times/week, dwee
Korea moderate intensity
14.50 14.20 50min, 2ti k. Sweeks,
Kadri et al,2019 (25) Tunisia 20 20 Taekwondo min 1mes/V\fee . wee
+3.50 +3.00 moderate intensity
Memarmoghaddam 8.31 8.29 L R 90min, 3times/week, 8weeks,
Iran 19 17 Combination exercise . .
et al,2016 (26) +1.29 +1.31 moderate intensity
United X X 31min, Stimes/week, 8weeks, medium to
Hoza et al,2015 (27) 94 108 6.83 + 0.96 Aerobic exercise L X
States high intensity
Bustamante United 9.40 8.70 90min, Stimes/week, 10weeks,
19 16 Sports games . .
et al,2016 (28) States +2.20 +2.00 moderate intensity
South 15.80 16.0 0 90min, 3ti k, 6weeks,
Choi et al,2015 (29) ou 13 17 Aerobic exercise min 1mes/V\fee . wee
Korea +1.70 +1.20 moderate intensity
10.71 10.30 40min, 2ti /week, 8weeks,
Chou et al, 2017 (30) China 25 25 Yoga i, ctmesiweek, Swee
+ 1.00 +1.07 moderate intensity
. i 10.46 10.39 . . .
Benzing et al,2019 (31) Switzerland 28 23 Exergaming 30min, 3times/week, 8weeks
+ 1.30 + 1.44
8.37 8.29 60mi 3ti k. 12week: di t
Liang et al,2022 (32) China 40 40 Combination exercise o, 1mes/vs‘ree N “,Iee $y medium to
+1.42 +1.27 high intensity
10.63 9.35 60mi 1ti k. 20week:
Jensen et al,2004 (33) Australia 11 8 Yoga i 1mes/w.ee N Weeks.
+1.78 +1.70 moderate intensity
40-50min, 3ti k, 4-5weeks,
Nejati et al,2021 (34) Iran 15 15 9.43 +1.43 Combination exercise min lmes/v.vee i Weexs
moderate intensity
8.93 8.87 70min, 2ti /week, 12weeks,
Pan et al,2016 (35) China 16 16 Table tennis o 1mes w.ee i wee
+1.49 + 1.56 moderate intensity
X X 12.00 12.00 X R 45min, 2times/week, 8weeks,
Silva et al,2019 (36) Brazil 18 15 Swimming ) X
+2.00 + 1.00 moderate intensity
X 10min, 5times/week, 9weeks, medium to
Berg et al,2019 (37) Netherlands 263 249 10.50+ 1.30 Exergaming L X
high intensity
9.95 9.75 90min, 3times/week, 12weeks,
Hattabi et al,2019 (38) Tunisia 20 20 Swimming ! w‘ K W
+1.31 +1.33 moderate intensity
45min, 3times/week, 8weeks,
Rezaei et al,2018 (39) Iran 7 7 9.10 +1.30 Yoga ° ek, W
moderate intensity
831 8.38 60min, 3ti k, 12weeks,
Chang et al,2022 (40) China 16 16 Table tennis min 1mes/w<::e . weeks
+1.30 +1.20 moderate intensity
30min, 3times/week, 12weeks, dium t
Li et al,2025 (41) China 60 60 8.40 +1.30 Qigong i Stimes/weei, Loweeks, medium fo
high intensity

E, Experimental group; C, Control group.

has been shown that a prolonged 90-minute exercise period may
have led to a significant increase in cortisol concentration, a change
that inhibits the efficiency of dopamine synthesis through a negative

feedback mechanism (65).

Regarding intervention frequency, the present study found that
an intervention frequency of 2 times per week was the most

Frontiers in Psychiatry

effective, which is consistent with the results of existing studies
(57, 66, 67). Multiple studies have shown that appropriate
intervention frequency is critical for inhibitory control in children

with ADHD; in other words, regular exercise twice a week is most

12

effective in improving executive functioning (e.g., intervening to
inhibit impulses) in children and adolescents with ADHD (28, 57).
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TABLE 4 Risk of bias assessment (n=20).

or & year Random Allocation Blinding of Blinding of = Incomplete Selective
sequence  concealment patients and outcome outcome outcome

generation (selection personnel assessment = data (attri- reporting
(selection bias) (performancebias)  (detection tion bias) (reporting
bias) bias) bias)

Verret Low Low Unclear Low Low Low Unclear
et al,2012 (22)

Ziereis Low Unclear Low Low Low Low Unclear
et al,2015 (23)

Ji et al,2022 (24) High Low Low Low Unclear Low Unclear

Kadri Unclear Low Unclear Low Low Low Unclear
et al,2019 (25)

Memarmoghaddam Low Low Low Low Unclear Low High
et al,2016 (26)

Hoza et al,2015 (27) Unclear Unclear Low Low Low Low Unclear

Bustamante Low High Low High Low Low Unclear
et al,2016 (28)

Choi et al,2015 (29) Low Low Low Unclear Low Low Unclear

Chou Unclear Unclear Low Low Low Low Low
et al,2017 (30)

Benzing Low Low Unclear Low Low Low Unclear
et al,2019 (31)

Liang Low Low Unclear Low Low Low Unclear
et al,2022 (32)

Jensen Unclear Unclear Low Low Low Low Unclear
et al,2004 (33)

Nejati Unclear Unclear Low Low Low Low Unclear
et al,2021 (34)

Pan et al,2016 (35) Unclear Low High Low Low Low Unclear

Silva et al,2019 (36) Low Low High Unclear Low Low Unclear

Berg et al,2019 (37) Low Low Unclear Low Low Unclear High
Hattabi Low Low Low Low Low Low Unclear

et al,2019 (38)

Rezaei Low Low Low Low Low Low Unclear
et al,2018 (39)

Chang Low Low Low Low Low Low Unclear
et al,2022 (40)

Li et al,2025 (41) Unclear Unclear Low Low Low Low Low

Too high a frequency of intervention may lead to overexertion and The present study found that intervention cycles lasting at least
low energy, whereas too low a frequency may lead to a lag in the ~ 20 weeks may be the best option for the treatment of attention
effects of the intervention and affect the adaptive response of the  deficit hyperactivity disorder (ADHD), which is consistent with
nervous system. Another study showed that an intervention  existing meta-analyses that have found that long-term interventions
frequency of 2 times per week was effective in balancing can help to consolidate the treatment effects and increase the
neurostimulation and the physical load of children and  degree of neuroadaptation and behavioral improvement in
adolescents, ensuring that they did not react negatively to  children (70). Longer interventions provide more opportunities
overtraining, and avoiding physical fatigue and psychological for neuroadaptation, allowing for gradual neurological
overstress (68). At the same time, the frequency of 2 times per  improvements over a longer period, and the positive effects that
week provides sufficient time for children and adolescents with ~ long-term exercise interventions can have on children and
ADHD to recover and consolidate the last training session (69). adolescents with ADHD (71). It has also been shown that exercise
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TABLE 5 SUCRA values for the efficacy of interventions of each element of exercise prescription.

SUCRA Duration SUCRA Frequency SUCRA Period Intesity SUCRA
1 Taekwondo 87.1 70min 99 2times 97.8 >20weeks 92.5 Moderate intensity 98.9
. . . Medium to
2 Table tennis 852 40-50min 80.8 1times 53.6 8weeks 80.2 . ) 35.6
high intensity
3 Swimming 80.5 10-31min 45.1 3times 45.5 4-5weeks 68.9 Con 15.6
4 Yoga 69.8 60min 39.8 Stimes 35.8 12weeks 54
. 9-
5 Exergame 52.1 >90min 23.6 Con 17.8 253
10weeks

Combinati

6 ompmation 436 Con 117 Gweeks 244
exercisen
7 Qigong 34.1 Con 4.6
8 Cycling exercise 315
9 Sports games 239
10 Aerobic exercise 23.8
11 Con 18.4
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FIGURE 10

Probability ranking chart of dose-response effects of exercise prescription elements. 1,con;2,Aerobic exercise;3,Sports games;4,Exergame;5,Cycling
exercise;6,Taeckwondo;7,Yoga;8,Combination exercise;9,Table tennis;10,Swimming;11,Qigong; A,con;B,1times;C,2times;D,3times;E,5times;H,con;1,10-
31min;J,40-50min;K,60min;L,70min;M,>90min;a,con;b,4-5weeks;c,6weeks;d,8weeks;e,9-10weeks;f,12weeks;j,>20weeks;N,con;O,Moderate
intensity;P,Medium to high intensity.
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interventions lasting more than 6 months can significantly improve
attention, impulse control, and task performance in children and
adolescents with ADHD (40). Long-term exercise intervention
improves the efficiency of signaling in neural circuits, particularly
in the prefrontal cortex, a key region of the brain responsible for
higher cognitive functions, and its improved functioning
significantly enhances self-control and concentration in children
and adolescents (7).

The present study found that a moderate-intensity intervention
may be most beneficial for improving inhibitory control in children
and adolescents with attention deficit hyperactivity disorder
(ADHD). This finding differs from a previous meta-analysis,
which concluded that high-intensity sports training is more
appropriate for improving inhibitory control in children and
adolescents with ADHD (72). In contrast, studies have shown
that moderate-intensity sport significantly improves core
symptoms, including inhibitory control, attentional focus, and
executive functioning, in children and adolescents with ADHD
(73). Moderate-intensity exercise is typically defined as an activity
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between light and high intensity, characterized by a significant
increase in heart rate and respiratory rate, but not yet at a vigorous
level. As defined by the American College of Sports Medicine
(ACSM), moderate-intensity exercise typically corresponds to
exercise intensities in the range of 40% to 59% of maximal
oxygen uptake reserve (VO,R) (74). Although exercise
interventions are overall beneficial for children and adolescents
with ADHD, too much high-intensity exercise may be
counterproductive. Studies have found that improvements in
cognitive performance are reduced after vigorous exercise
compared to moderate-intensity exercise in children and
adolescents with ADHD (73). Another experiment on the effects
of acute aerobic exercise at different intensities showed that only
after low- and moderate-intensity exercise, the response rate of
executive functions (e.g., Flanker inhibition task) was significantly
faster in children and adolescents with ADHD than after vigorous
exercise (73). In addition, the psychological dimension cannot be
ignored. High-intensity training is often taxing and even frustrating
for children and adolescents and may lead to decreased self-efficacy,
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meaning that children feel less confident in their ability to complete
the training and control their behavior. Children and adolescents
with ADHD are inherently characterized by inattention and poor
control, and if the intensity and complexity of exercise exceeds the
ability of the child or adolescent, the child is likely to be resistant,
which is not conducive to long-term adherence (6). Therefore,
moderate-intensity exercise interventions are gaining attention and
can be used to help children and adolescents with ADHD improve
their symptoms.

5 Limitations

Firstly, the included literature mainly focused on exercise
intervention without strict control of daily diet and other activities,
and the influence of potential moderating factors (e.g., age, ADHD
subtype, medication use, etc.) on the relationship between exercise
and inhibitory control was not sufficiently considered; secondly, no
distinction was made between genders, and children and adolescents
with ADHD of different genders may respond differently to
intervention due to the developmental characteristics of puberty;
the issue of potential publication bias that would The issue of
potential publication bias affecting the credibility of the results was
also not explored in depth; finally, the literature search was limited to
English, and other languages were not searched, and the inclusion of
less literature on qigong, taekwondo, and sports games affected the
comprehensiveness of the included literature to a certain extent.

6 Implications for research

This study provides important theoretical support for exercise
interventions for children and adolescents with ADHD, revealing
the effectiveness of exercise interventions in improving behavioral
regulation. The findings suggest that exercise type, duration,
frequency, periodization, and intensity have a significant effect on
inhibitory control in children and adolescents with ADHD,
particularly in terms of the neurophysiological mechanisms at
play. This provides an intervention framework for future research.

7 Implications for clinical practice

This study demonstrates the importance of exercise
interventions in the treatment of children and adolescents with
ADHD, particularly the need to tailor the selection of exercise type
and intervention duration to individual patient differences. Based
on the results of this study, clinical staff can develop a personalized
exercise treatment plan that takes into account the individual
characteristics of children and adolescents with ADHD (e.g., age,
gender, and interest in exercise). At the same time, studies have
shown that exercise is not only physical exercise, but its effect on the
neural function of the brain cannot be ignored, which provides a
new perspective for the integrated treatment of ADHD in clinical
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practice. In addition, future clinical studies could combine exercise
intervention with medication to improve treatment effects and

reduce the risk of drug dependence.

8 Conclusion

This study assessed the impact of different exercise
prescriptions on the effectiveness of ADHD interventions by
including 20 studies and using network Meta-analysis. The
available evidence suggests that specific exercise prescriptions,
such as tackwondo intervention, 70 minutes per intervention
duration, 2 times per week intervention frequency, intervention
cycles longer than 20 weeks, and moderate-intensity exercise, may
have the best effect on improving inhibitory control in children
and adolescents with ADHD. However, we should also be
concerned about individual differences in children’s expression
of ADHD symptoms, and each child’s specific symptoms need to
be accurately assessed before the intervention is implemented.
Meanwhile, due to the relatively limited number of included
studies, the generalizability and reliability of these findings still
need to be further verified. Nevertheless, this study provides a
valuable reference for the clinical development of individualized
exercise intervention programs. Future studies should expand the
sample size, explore the effects of different exercise prescriptions
on different ADHD subtypes, and enhance the evaluation of long-
term intervention effects. At the same time, when implementing
exercise interventions in the clinic or in the school, it is necessary
to pay attention to potential barriers such as resource constraints,
adherence challenges, and the need for training in specific sports
(e.g., tackwondo), and to address them appropriately to ensure
that the interventions are carried out smoothly and achieve
good results.
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