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Abstract
Background
Physical activity (PA) interventions have been shown to yield positive effects on cognitive functions. However, it is unclear which type of PA intervention is the most effective in children and adolescents with Neurodevelopmental Disorders (NDDs). This study aimed to compare the effectiveness of different types of PA interventions on cognitive functions in children and adolescents with NDDs, with additional analyses examining intervention effects across specific NDD types including attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD).

Methods
In this systematic review and network meta-analysis, seven databases (Web of Science, PubMed, Medline, APA PsycINFO, Embase, CINAHL, and SPORTDiscus) for randomized controlled trials from database inception to September 2023 were searched. Randomized controlled trials comparing the effectiveness of PA intervention with any non-pharmacological treatment or control group on cognitive functions in children and adolescents diagnosed with NDDs aged 5–17 years were included. Frequentist network meta-analyses were performed based on standardized mean differences (SMD) using random effects models to examine post-intervention differences in cognitive functions, including attention, memory, and executive functions. Intervention dropout was assessed as a measure of treatment acceptability.

Results
Thirty-one randomized controlled trials (n = 1,403, mean age 10.0 ± 1.9 years) with 66 arms were included in the network. Mind-body exercise (MBE; SMD = 1.91 for attention; 0.92 for executive functions), exergaming (SMD = 1.58 for attention; 0.97 for memory; 0.94 for executive functions), and multi-component physical activity (MPA; SMD = 0.79 for executive functions) were associated with moderate to substantial cognitive improvements compared with usual care, whereas the effectiveness of aerobic exercise (AE) was non-significant. Exergaming (SMD = 0.78, 95%CI 0.12 to 1.45) and MPA (SMD = 0.64, 95%CI 0.11 to 1.18) were more effective than AE for executive functions. When analyzing specific NDD types, exergaming lost its superiority over usual care for attention and memory in ADHD, nor for executive functions in ASD. Instead, MPA demonstrated significant benefits across these domains and populations. The certainty of evidence for these comparisons was very low to low. No significant differences in acceptability were observed among MBE, exergaming, and MPA.

Conclusions
The findings in this study suggest that MBE, exergaming, and MPA were effective interventions for improving domain-specific cognitive functions in children and adolescents with NDDs. AE demonstrated non-significant effectiveness for all outcomes. MBE emerges as particularly advantageous for attention. MPA yielded consistent improvements in memory and executive functions across NDD types. Further high-quality randomized controlled trials of direct comparisons are needed to confirm and expand on the findings from this NMA.

Trial registration
PROSPERO CRD42023409606.
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Background
Neurodevelopmental Disorders (NDDs) encompass a broad spectrum of early-onset conditions characterized by cognitive and developmental impairments that can persist throughout a lifetime, including attention-deficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), intellectual disability (ID), specific learning disorders (SLD), communication disorders, and motor disorders [1]. An estimated 15% of children worldwide are affected by NDDs [2, 3]. Despite the substantial heterogeneity observed in NDDs, their shared molecular pathways underlying clinical signs [4], along with their prominent early-onset neurocognitive deficits and significant symptomatic overlap [5], provide the rationale for grouping these disorders. Supporting this perspective, a recent meta-analysis has indicated that children and adolescents with different types of NDDs may be grouped together when delivering physical activity (PA) interventions [6]. Furthermore, the frequent occurrence of comorbidity among multiple NDDs [1, 2] suggests that exclusively targeting a single disorder may influence the intervention effectiveness when other co-occurring disorders are present [5].
Cognitive deficits in children and adolescents with NDDs are thought to be associated with academic underachievement [7, 8] and social isolation that in turn have a detrimental impact on their quality of life [9, 10], imposing heavy burdens on the individuals themselves, their caregivers, and society. Thereby, early remedial interventions for cognitive functions are of high priority during childhood and adolescence, as these are sensitive periods for shaping cognitive and behavioral developmental processes [11, 12]. Cognitive function domains can be comprehended through diverse conceptualizations, including categorization based on the overarching processes they entail, such as attention, memory, or executive functions [13]. Understanding and implementing effective interventions for the development of attention, memory, and executive functions is crucial, as deficits in these processes often hinder both academic and professional development [14]. Achieving improvements in these cognitive processes can be accomplished through pharmacotherapy [15] and non-pharmacological interventions [16, 17] for individuals with developmental disabilities. The uncertain long-term balance between benefits and side effects associated with medication and low adherence (e.g., 46% in youths with ADHD) [18–20], means that non-pharmacological cognitive enhancers emerge as an attractive option, due to their relatively low risks to well-being, cost-effectiveness, and accessibility to the general population.
PA interventions have gained prominence as a promising strategy to enhance cognitive functions, showing relatively larger effect sizes on specific cognitive domains compared to certain non-pharmacological interventions [21, 22]. For instance, PA interventions demonstrated large effectiveness (effect size = 0.910) in enhancing executive functions in children with ADHD, whereas other non-pharmacological treatments (e.g., cognitive training, Neurofeedback) showed relatively lower effects (ranging from 0.216 to 0.724) [22]. Modifications in brain structure and function may explain the cognition-enhancing effects of PA participation [23], such as the release of monoamine neurotransmitters induced by exercise [24]. Meanwhile, cognitive components (e.g., attention and concentration) can be described as intrinsic factors influencing engagement in PA [25]. Given children with NDDs presented significantly lower adherence to the 24-h movement guidelines [26] compared to peers with typical development [27], it is crucial to implement PA interventions, highlighting the mutual benefits offered in terms of both cognitive enhancement and PA engagement.
In the context of NDDs, prior systematic reviews and pairwise meta-analyses have synthesized that PA interventions were supported as an effective approach for cognitive functions [28–31]. However, the aggregation of various PA interventions when calculating effect size in pairwise meta-analyses restricts their ability to make comparisons across different interventions and consider indirect effects [32]. Consequently, these analyses provide limited insights into the overall effectiveness hierarchy of PA interventions, leaving the question of which specific type of PA intervention is the most effective unanswered. This question is of note considering previous evidence highlighting variations in cognitive benefits associated with different exercise modalities [33, 34]. For example, executive function improvements were only observed in PA interventions with cognitive engagement but not in pure aerobic exercise in children with ASD [35]. As such, this study utilized network meta-analysis (NMA) to systematically investigate and rank different types of PA interventions based on their effectiveness in improving cognitive functions in children and adolescents with NDDs. NMA is a better technique that enhances the precision of pairwise meta-analysis by simultaneously comparing multiple treatments within a single analysis, and incorporating both direct and indirect evidence. This allows for the estimation of comparative effects not directly investigated in randomized controlled trials and the ranking of multiple competing interventions [36]. NMA findings in this study can inform clinicians, educators, and caregivers in selecting the appropriate PA intervention for cognitive functions in children and adolescents with NDDs.

Methods
This systematic review with NMA was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and PRISMA extension for NMA [37] (Supplementary 1). The protocol was registered in PROSPERO (CRD42023409606).
Search Strategy and selection criteria
Seven electronic databases (CINAHL, Embase, Medline, PsycINFO, PubMed, SPORTDiscus, and Web of Science) were systematically searched from their inception until 4 September 2023. To avoid missing potentially eligible literature, the reference lists of previous systematic reviews [28, 29, 31, 38–42] and included studies were further examined as complementary sources. The search was restricted to articles written in English. The detailed search strategy is presented in Supplementary 2. The screening and selection processes were conducted independently by two reviewers (RT and CL). Any discrepancies were resolved by consensus. Following the population, intervention, comparison, and outcomes (PICO) framework, studies were eligible if they (1) were randomized controlled trials to assess the effectiveness of any PA intervention in children and adolescents aged 5–17 years; (2) recruited participants diagnosed with NDDs based on clinical assessments or criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders 4th editions or other standardized diagnostic criteria (e.g., Autism Diagnostic Observation Schedule 2nd Edition, International Classification of Diseases 10th editions); (3) received PA intervention and had a comparison arm receiving either any PA intervention or non-pharmacological treatment, or usual care control; and (4) reported at least one cognitive function outcome (i.e., attention, memory, or executive functions). Studies were excluded if they (1) implemented acute PA intervention (i.e., a single bout of exercise); (2) combined PA with other non-pharmacological or pharmacological treatments; (3) recruited children with typical development as control; or (4) were reviews, observational studies, case reports, letters to the editor, or conference abstracts.
We identified four categories of PA interventions based on the definitions described in the Physical Activity Guidelines for Americans [43] and previous systematic reviews [39, 44, 45] or the treatment names assigned by the study authors. The definitions of PA interventions and comparators are presented in Table 1.
Table 1Treatment nodes included in the network meta-analysis


	Nodes
	Definition

	PA Intervention

	 Aerobic Exercise (AE)
	Activities aiming to enhance cardiovascular fitness, including brisk walking, running, and cycling

	 Exergaming
	Exergaming is a form of entertainment that combines physical activity and video gaming, involving body movements during console play [46], such as Nintendo Wii and Xbox Kinect

	 Mind-body Exercise
(MBE)
	Exercise that is characterized by controlled physical movements, full body stretching, breathing technique, and a meditation component, such as Yoga, Qigong, Tai Chi, and body-oriented or movement-based mind–body intervention [47, 48]

	 Multi-component
Physical Activity
(MPA)
	A combination of more than one type of physical activity, such as racket sports which combines AE and coordinative physical activities

	Comparator

	 Relaxation Techniques
(RT)
	Techniques aim to produce the body’s natural relaxation response, characterized by slower breathing, lower blood pressure, and a feeling of increased well-being, such as guided imagery, progressive muscle relaxation, and breathing techniques [49]

	 Neurofeedback (NF)
	A non-invasive electroencephalograph (brainwave) biofeedback that increases brainwave activity for the purpose of encouraging brain to change and adapt neuroplasticity [50]

	 Usual Care (UC)
	Including no treatment, waiting-list control, or interventions that could not be classified into the other treatment nodes (e.g., educational activities)





Outcomes
The primary outcomes were cognitive functions, including attention, memory, and executive functions. Attention indicates the ability to focus on relevant information while disregarding nonrelevant stimuli and maintain sustained attention over time [13]. Memory, the most complex cognitive domain possessing multifaceted subdomains (e.g., working memory, episodic memory, semantic memory), involves the sequential stages of encoding, storage, and retrieval [13]. Executive functions refer to cognitive processes such as reasoning, problem-solving, planning, strategizing, decision-making, inhibiting irrelevant information, and task-switching [13]. The secondary outcome was treatment acceptability, defined as the proportion of participants who completed their assigned treatment (PA intervention or comparison).

Data extraction
Relevant information was extracted standardly by two independent reviewers (RT and CL), including bibliographic data (author, publication year, country/region), participant characteristics (diagnosis, sample size, age, gender, medication use), intervention components (category, frequency, duration, length, and intensity), and primary outcome measurements at immediate post-intervention. When studies used two or multiple measures to assess the same cognitive function domain, the most commonly used task was included [51]. If studies provided multiple raw scores for a single task, the outcome with higher quality was selected (e.g., interference is assessed as high quality in Stroop task). This score of quality was developed by Op den Kelder et al. [52] and adapted by Johnson et al. [53], indicating the specificity of measurements corresponding to the cognitive domain. When means and standard deviations changes from baseline were incompletely reported, we calculated them using the formula provided in the Cochrane Handbook [54]. If data were missing, the corresponding authors were directly contacted through emails to request additional information.
The Cochrane risk-of-bias tool for randomized trials [55] was used to assess the methodological quality of included randomized controlled trials. The certainty of evidence for attention, memory, and executive functions was appraised within the Confidence in Network Meta-Analysis (CINeMA) framework [56, 57].

Data analysis
Random effects pairwise meta-analyses with the Hartung-Knapp-Sidik-Jonkman method [58] were first conducted to summarize all direct comparisons within the included studies. The effect size was calculated as standardized mean differences (SMD) for continuous data (effectiveness) and odds ratios (OR) for dichotomous data (acceptability) with 95% confidence intervals (95%CIs). SMD of 0.2, 0.5, and 0.8 are interpreted as small, moderate, and large, respectively [59]. In our investigation, we integrated data from four categories of PA interventions to synthesize the collective effects on attention, memory, and executive functions, as well as their acceptability in comparison to usual care. When encountering multi-arm studies, the sample size of the shared group was split into subgroups of equal size, one for each treatment [60].
Random-effects network meta-analyses were performed using the frequentist framework in Stata 17 and R 4.0.4 to compare the relative effectiveness and treatment acceptability through direct and indirect comparisons. To evaluate the assumptions underlying the NMA, transitivity was judged by visualizing the relative distribution of potential effect modifiers (e.g., sample size, age, gender, intervention length, and dose) across interventions. Transitivity implies that the included studies possess similarity in terms of potential effect modifiers. We scrutinized the consistency of the results. Global inconsistency, reflecting overall inconsistencies across treatment comparisons, was assessed using the design-by-treatment inconsistency model [61]. Local inconsistency, which examines discrepancies within individual nodes or treatment comparisons, was evaluated through the node-splitting method [62]. The heterogeneity among the included studies was determined by calculating the between-study variance (τ2) and comparing it with empirical estimates [63, 64]. Treatment rankings were established using the surface under the cumulative ranking curve (SUCRA) which is a precise estimation to provide a hierarchy of the treatments [65].
Additionally, we examined the comparative effectiveness of PA interventions across different NDD types. Specifically, we examined comparative outcomes in attention, memory, and executive functions for ADHD, and executive functions for ASD. Due to the limited number of studies available, DCD (n = 2) and SLD (n = 1) were not included in this analysis. To assess the robustness of our findings and identify potential sources of heterogeneity, we conducted sensitivity analyses by removing studies with high risk of bias. Meta-regression analyses were performed to investigate the influence of sample size, intervention length, and dose on primary analysis. Subgroup analysis was performed based on NDD category, intervention duration, frequency, length, and intensity. Since undertaking subgroup analysis requires a minimum of ten studies [66], we restricted this analysis to memory and executive functions. Small-study effects were evaluated by the comparison-adjusted funnel plot and the Egger test [67].


Results
Overall, 7,067 records were initially identified from electronic databases. After removing duplicates, 4,300 records were screened for titles and abstracts, and 146 full-text articles were retrieved for eligibility. An additional 154 records identified from reference lists of relevant systematic reviews were also screened for eligibility (Fig. 1). Eventually, a total of 31 studies [35, 68–97] involving 1,403 children and adolescents with NDDs were included in this review.[image: ]
Fig. 1PRISMA study selection and flow chart


Study characteristics
Table 2 summarizes detailed information on each included study. The mean age of participants was 10.0 ± 1.9 years with 83.2% being boys. The majority of included studies focused on ADHD (n = 18). MPA (n = 19) was the most frequently utilized PA modality. All studies reported immediate post-intervention assessments (attention: n = 10; memory: n = 11; executive functions: n = 26). Supplementary 3 shows the general characteristics of the included studies.
Table 2Characteristics of included studies


	Study (year; country/region)
	Participants; Diagnostic Methods
	Sample Size
	Age (years)
	Gender
(% male)
	Medication
	Treatment
	Node
	Length
	Duration per session
	Frequency
	Intensity
	Cognitive Function Outcomes

	Ahmed & Mohamed, 2011 [68] Egypt
	ADHD;
Clinical
	42
	11.0–16.0
	64.3
	NI
	Running
	AE
	10 weeks
	40–50 min
	3 sessions/week
	Moderate
	Attention: MCRS

	42
	NI
	No treatment control
	UC
	 	 	 	 	 
	Benzing & Schmidt, 2019 [69] Switzerland
	ADHD;
ICD-10
	28
	10.5 ± 1.3
	86.4
	Y
	Xbox Kinect: workout games
	Exergaming
	8 weeks
	30 min
	3 sessions/week
	MVPA
	Memory: CSBT
EF: Simon Task, Flanker Task

	23
	10.4 ± 1.4
	81.8
	Waiting-list control
	UC
	 	 	 	 
	Borgi et al., 2016 [70] Italy
	ASD;
DSM-IV
	15
	9.2 ± 1.8
	100.0
	NI
	Equine-assisted therapy
	MPA
	6 months
	60–70 min
	1 session/week
	NI
	EF: TOL

	13
	8.0 ± 1.5
	100.0
	Waiting-list control
	UC
	 	 	 	 
	Bustamante et al., 2016 [71] USA
	ADHD;
DSM-IV
	19
	9.4 ± 2.2
	69.0
	Y
	Aerobic activity
	AE
	10 weeks
	60 min
	5 sessions/week
	MVPA
	Memory: AWMA-S
EF: SST, BRIEF

	16
	8.7 ± 2.0
	68.0
	Sedentary arts activity
	UC
	 	 	 	 
	Chan et al., 2013 [72] Hong Kong SAR
	ASD;
DSM-IV
	23
	11.3 ± 3.9
	95.0
	N
	Nei Yang Gong
	MBE
	4 weeks
	18 min
	3–6 sessions/week
	Moderate
	EF: TOL, CCTT-T2, FPT

	23
	12.4 ± 3.3
	85.0
	Progressive muscle relaxation
	RT
	 	 	 	 
	Chang et al., 2022 [73] Taiwan
	ADHD;
DSM-V
	16
	8.3 ± 1.3
	81.3
	Y
	Table tennis
	MPA
	12 weeks
	60 min
	3 sessions/week
	NI
	EF: Stroop Task, WCST

	16
	8.4 ± 1.2
	81.3
	Nintendo Wii fit training
	Exergaming
	12 weeks
	60 min
	3 sessions/week
	NI

	16
	8.4 ± 1.3
	81.3
	No treatment control
	UC
	 	 	 	 
	Choi et al., 2015 [74] Korea
	ADHD;
DSM-IV
	17
	15.8 ± 1.7
	100.0
	Y
	Running, rope-jumping, basketball
	MPA
	6 weeks
	90 min
	3 sessions/week
	Moderate
	EF: WCST

	18
	16.0 ± 1.2
	100.0
	Educational sessions
	UC
	 	 	 	 
	Damanpak & Sabzi., 2022 [75] Iran
	DCD;
DCDQ
	15
	10.8 ± 0.4
	100.0
	NI
	Sensory-motor games
	MPA
	8 weeks
	45–60 min
	3 sessions/week
	NI
	EF: CEFS

	15
	10.6 ± 0.5
	100.0
	No treatment control
	UC
	 	 	 	 
	Emami Kashfi et al., 2019 [76] Iran
	SLD;
Psychologist
	15
	8.7 ± 0.6
	NI
	NI
	Perceptual-motor activities
	MPA
	8 weeks
	55 min
	3 sessions/week
	NI
	Attention: CPT
Memory: N-Back test
EF: TOL

	15
	8.5 ± 0.7
	NI
	Regular educational services
	UC
	 	 	 	 
	Geladé et al., 2017 [77] Netherlands
	ADHD;
DSM-IV
	37
	9.8 ± 2.0
	75.7
	NI
	Repetitive interval training
	AE
	28 sessions
	45 min
	3 sessions/week
	MVPA
	Attention: AOT
Memory: VSWM
EF: SST

	39
	10.0 ± 1.9
	76.9
	Neurofeedback
	NF
	 	 	 	 
	Greco & De Ronzi, 2020 [78] Italy
	ASD;
ADOS-2
	14
	9.1 ± 1.0
	85.7
	NI
	Karate
	MBE
	12 weeks
	45 min
	2 seesions/week
	NI
	EF: BRIEF

	14
	9.4 ± 1.0
	85.7
	Waiting-list control
	UC
	 	 	 	 
	Hashmi et al., 2022 [79] Iran
	DCD;
DSM-V
	25
	9.4 ± 2.1
	100.0
	NI
	Nintendo Wii fit training
	Exergaming
	8 weeks
	30 min
	3 sessions/week
	NI
	Attention: CAS-attention
Memory: TVPA-R
EF: CAS-planning

	25
	9.7 ± 2.4
	100.0
	Usual care
	UC
	 	 	 	 
	Hattabi et al., 2019 [80] Tunisia
	ADHD;
DSM-IV
	20
	10.0 ± 1.3
	85.0
	NI
	Aquatic activities
	MPA
	12 weeks
	90 min
	3 sessions/week
	Moderate
	Memory: ROCF
EF: Stroop, JHT

	20
	9.8 ± 1.3
	90.0
	No treatment control
	UC
	 	 	 	 
	Ji & Yang, 2022 [81] China
	ASD;
ICD-10
	49
	13.1 ± 3.0
	51.5
	NI
	Football
	MPA
	6 weeks
	60 min
	3 sessions/week
	NI
	Attention: MOT

	50
	12.8 ± 2.7
	54.6
	Psychological counseling
	UC
	 	 	 	 
	Ji et al., 2023 [82] Republic of Korea
	ADHD;
Clinical
	21
	9.0 ± 1.5
	88.0
	Y
	Alchemist’s Treasure
	Exergaming
	4 weeks
	50 min
	3 sessions/week
	MVPA
	Attention: FAIR

	19
	8.9 ± 1.6
	86.0
	Y
	Stationary bike exercise
	AE
	4 weeks
	50 min
	3 sessions/week
	 	EF: GNG

	Kadri et al., 2019 [83] Tunisia
	ADHD;
Psychologist
	20
	14.5 ± 3.5
	90.0
	N
	Taekwondo
	MBE
	1.5 years
	50 min
	2 seesions/week
	NI
	Attention: Ruff 2 & 7
EF: Stroop Task

	20
	14.2 ± 3.0
	90.0
	 N
	Usual PE class
	UC
	 	 	 	 
	Lee et al., 2017 [84] Republic of Korea
	ADHD;
DSM-IV
	6
	8.8 ± 1.0
	100.0
	N
	Ball and Rope-jumping
	MPA
	12 weeks
	60 min
	3 sessions/week
	MVPA
	EF: Stroop

	6
	8.8 ± 1.0
	100.0
	 N
	No treatment control
	UC
	 	 	 	 
	Liang et al., 2022 [85] China
	ADHD;
DSM-V
	40
	8.4 ± 1.4
	30.8
	N
	AE and ball games
	MPA
	12 weeks
	60 min
	3 sessions/week
	MVPA
	EF: TOL, Flanker Task, TMT

	40
	8.3 ± 1.3
	32.8
	N
	Waiting-list control
	UC
	 	 	 	 
	Ludyga et al., 2022 [86] Switzerland
	ADHD;
DSM-V
	31
	10.8 ± 1.2
	62.1
	NI
	Judo
	MBE
	12 weeks
	60 min
	2 sessions/week
	Moderate
	Memory: CDT

	32
	10.0 ± 1.2
	79.3
	Waiting-list control
	UC
	 	 	 	 
	Memarmoghaddam et al., 2016 [87] Iran
	ADHD;
Psychiatrist
	20
	8.3 ± 1.3
	100.0
	N
	Running and ball games
	MPA
	8 weeks
	90 min
	3 sessions/week
	MVPA
	EF: Stroop Task, GNG

	20
	8.3 ± 1.3
	100.0
	No treatment control
	UC
	 	 	 	 
	Nejati & Derakhshan, 2021 [88] Iran
	ADHD;
DSM-V
	15
	9.4 ± 1.4
	86.7
	NI
	Goal-directed exercise
	MPA
	4–5 weeks
	40–50 min
	3 sessions/week
	NI
	Memory: One-Back Task
EF: GNG, WCST

	15
	9.7 ± 2.4
	86.7
	Running
	AE
	4–5 weeks
	40–50 min
	3 sessions/week
	 
	Pan et al., 2016 [89] Taiwan
	ADHD;
DSM-IV
	16
	8.9 ± 1.5
	100.0
	Y
	Racket sport
	MPA
	12 weeks
	70 min
	2 sessions/week
	NI
	EF: Stroop Task

	16
	8.9 ± 1.6
	100.0
	Waiting-list control
	UC
	 	 	 	 
	Pan et al., 2017 [90] Taiwan
	ASD;
DSM-IV
	11
	9.7 ± 1.6
	100.0
	Y
	Racket sport
	MPA
	12 weeks
	70 min
	2 sessions/week
	NI
	EF: WCST

	11
	8.5 ± 1.8
	100.0
	Waiting-list control
	UC
	 	 	 	 
	Phung & Goldberg, 2019 [91] USA
	ASD;
ADOS-2
	14
	9.1 ± 1.1
	100.0
	NI
	Martial Arts
	MBE
	13 weeks
	45 min
	2 seesions/week
	LMPA
	EF: Hearts & Flowers test

	20
	9.5 ± 1.1
	70.0
	Waiting-list control
	UC
	 	 	 	 
	Rafiei Milajerdi et al., 2021 [92] Iran
	ASD;
ADOS-2
	20
	8.2 ± 1.5
	95.0
	Y
	SPARK
	MPA
	8 weeks
	35 min
	3 sessions/week
	LMPA
	EF: WCST

	20
	8.0 ± 1.6
	95.0
	Exergaming
	Exergaming
	8 weeks
	35 min
	3 sessions/week
	LMPA

	20
	8.5 ± 1.4
	95.0
	No treatment control
	UC
	 	 	 	 
	Rezaei et al., 2018 [93] Iran
	ADHD;
DSM-V
	7
	7.0–11.0
	NI
	NI
	Yoga
	MBE
	8 weeks
	45 min
	3 sessions/week
	NI
	Attention: CPT
Memory: WISC-LNST

	7
	NI
	Neurofeedback
	NF
	 	 	 	 
	7
	NI
	No treatment control
	UC
	 	 	 	 
	Sani et al., 2022 [94] Iran
	ADHD;
DSM-V
	25
	7.5 ± 1.3
	80.0
	NI
	Perceptual-motor exercises
	MPA
	20 sessions
	40–45 min
	3 sessions/week
	NI
	Attention: CPT

	25
	7.8 ± 1.3
	65.0
	NI
	Neurofeedback
	NF
	 	 	 	 
	Silva et al., 2020 [95] Brazil
	ADHD;
DSM-IV
	18
	12.0 ± 2.0
	80.0
	Y
	Aquatic activities
	MPA
	8 weeks
	45 min
	2 seesions/week
	NI
	Attention: CAT
EF: The Test of Trails

	15
	12.0 ± 1.0
	60.0
	 Y
	No treatment control
	UC
	 	 	 	 
	Tse et al., 2019 [96] Hong Kong SAR
	ASD;
DSM-V
	25
	10.1 ± 1.2
	73.7
	Y
	Basketball
	MPA
	12 weeks
	45 min
	2 sessions/week
	Moderate
	Memory: CBTT, DSFBT
EF: GNG

	25
	9.8 ± 1.2
	85.7
	Y
	No treatment control
	UC
	 	 	 	 
	Tse et al., 2021 [35] Hong Kong SAR
	ASD;
DSM-V
	22
	9.6 ± 1.6
	80.0
	Y
	Stationary cycling
	AE
	2 weeks
	60 min
	5 sessions/week
	LMPA
	Memory: CBTT, DSFBT
EF: TOL, GNG, SCWT

	22
	10.2 ± 1.7
	86.4
	Y
	Mobile cycling
	MPA
	2 weeks
	60 min
	5 sessions/week
	LMPA

	22
	9.9 ± 1.3
	75.0
	Y 
	No treatment control
	UC
	 	 	 	 
	Tse et al., 2023 [97] Hong Kong SAR
	ASD;
	25
	9.6 ± 1.4
	87.0
	Y
	Mobile cycling
	MPA
	2 weeks
	60 min
	5 sessions/week
	LMPA
	EF: SCWT, GNG

	SRS-2
	25
	10.2 ± 1.4
	68.4
	Y
	Stationary cycling
	AE
	2 weeks
	60 min
	5 sessions/week
	LMPA


ADHD attention-deficit/hyperactivity disorder, ASD autism spectrum disorder, DCD developmental coordination disorder, SLD specific learning disorder; ADOS-2 Autism Diagnostic Observation Schedule-2nd Edition, DCDQ The Developmental Coordination Disorder Questionnaire, DSM-IV/V Diagnostic and Statistical Manual of Mental Disorders-4th/5th editions, ICD-10 International Classification of Diseases, 10th edition, SNAP-IV Swanson, Nolan, and Pelham-4th edition, SRS-2 Social Responsiveness Scale-2nd Edition; Y yes, N no, NI no information; LMPA light-to-moderate physical activity, MVPA moderate-to-vigorous physical activity; AE aerobic exercise, MBE mind–body exercise, MPA multicomponent physical activity, RT relaxation techniques, NF neurofeedback, UC usual care; EF executive functions; AOT Auditory Oddball Task, AWMA-S Automated Working Memory Assessment System—Short version, CAS Cognitive Assessment System, CAT Cancellation Attention Test, CBTT Corsi block tapping task, CCTT-T2 Children’s Color Trails Test-Second Trial, CDT Change Detection Task, CEFS Coolidge Executive Functioning Scale, CPT Continuous Performance Test, CSBT Color Span Backward Task, DSFBT Digit Span Forward and Backward Test, FAIR Frankfurter Aufmerksamkeits-Inventar, FPT Five Point Test, GNG Go/No-Go Task, JHT Junior Hayling Test, LNST Letter-Number Sequencing Test, MCRS Modified Conner’s Rating Scale, MOT Multiple Object Tracking Paradigm, NEPSY-II Developmental Neuropsychological Assessment, ROCF Rey Complex Figure, SCWT Stroop Color and Word Test, SPARK Sports, Play and Active Recreation for Kids, SST Stop-Signal Task, TMT Trail Making Test, TOL Tower of London, TVPA-R Test of Visual-Perceptual Skills-Revised, VSWM Visual Spatial Working Memory Task, WCST Wisconsin Card Sorting Test, WISC Wechsler Intelligence Scale for Children




RoB assessment
The domain level and overall risk of bias assessment are presented in Supplementary 4. Twenty-six included studies were rated with some concerns, while five had high risks of bias. The main concerns for risk of bias were the open-label nature of studies, unblinded assessors, and improper management of missing data.

Pairwise meta-analyses
The pairwise meta-analyses results are presented in Supplementary 5. Significant moderate to large improvements in attention, memory, and executive functions were observed compared with usual care (SMD = 0.46–1.26). However, there were no significant differences among the interventions compared to usual care for acceptability (OR = 0.88, 96%CI: 0.53 to 1.48).

NMA assumption
The assumption tests for NMA did not reveal significant concerns regarding the violation of the transitivity assumption when assessing the distribution of potential effect modifiers (Supplementary 6), supporting the assumption of comparability between the treatments. No global or local inconsistency was detected (Supplementary 7), indicating the agreement between direct and indirect evidence. The common heterogeneity τ2 ranged from 0.08 to 0.68 indicating moderate heterogeneity within the prediction distributions (Supplementary 8).

Attention
Figure 2a presents the network plot for attention, including 10 studies and 441 participants. Table 3 displays the comparative effectiveness of six different treatments. Compared with usual care, large improvements were found for MBE (SMD = 1.91, 95%CI: 0.57 to 3.25) and exergaming (SMD = 1.58, 95%CI: 0.14 to 3.02). The ranking of treatment based on SUCRAs revealed that MBE (SUCRA = 83.4%) was likely the most effective, followed by exergaming (SUCRA = 72.3%)(Supplementary 11). No small-study effect was found using the comparison-adjusted funnel plots and Egger test results (Supplementary 12). When considering effectiveness in specific NDD, available estimates on data from ADHD indicated that MBE (SMD = 2.00, 95%CI: 0.89 to 3.10) and MPA (SMD = 1.87, 95%CI: 0.61 to 3.14) showed more effectiveness over usual care (Supplementary 13).[image: ]
Fig. 2Network plots for attention (A), memory (B), and executive functions (C). Each node represents a treatment. Connecting lines between two nodes represent one or more trials in which the two nodes have been compared directly. Size of each node indicates the number of participants. Thickness of the lines indicates the number of trials that directly compared the treatments it connected. AE aerobic exercise, MBE mind–body exercise, MPA multicomponent physical activity, RT relaxation techniques, NF neurofeedback, UC usual care

Table 3League table for attention


	MBE
	 	 	 	 	 
	0.33 (-1.60,2.26)
	Exergaming
	 	 	 	 
	0.95 (-0.65,2.56)
	0.62 (-1.08,2.32)
	MPA
	 	 	 
	1.15 (-0.58,2.88)
	0.82 (-0.62,2.26)
	0.20 (-1.27,1.67)
	AE
	 	 
	1.35 (-0.21,2.92)
	1.02 (-0.69,2.74)
	0.40 (-0.88,1.69)
	0.20 (-1.13,1.54)
	NF
	 
	1.91 (0.57,3.25)
	1.58 (0.14,3.02)
	0.96 (-0.03,1.95)
	0.76 (-0.46,1.99)
	0.56 (-0.64,1.75)
	UC


AE aerobic exercise, MBE mind-body exercise, MPA multicomponent physical activity, NF neurofeedback, UC usual care. Results are presented as standardized mean differences (SMD) and 95% confidence intervals. SMD values more than 0.00 favor the column-defining treatment node for the NMA results. Estimates in bold denote significance at p<0.05




Memory
Figure 2b presents the network plot for memory, including 11 studies with 484 participants. Compared with usual care, exergaming yielded significant large beneficial effects (SMD = 0.97, 95%CI: 0.10 to 1.84) (Table 4) and had the highest probability of being the most effective intervention (SUCRA = 88.0%) (Supplementary 11). No small-study effect was observed using the comparison-adjusted funnel plots and Egger test results (Supplementary 12). When evaluating effectiveness within specific NDD, only MPA was more effective than usual care (SMD = 0.81, 95%CI: 0.24 to 1.38) and outperformed AE (SMD = 0.74, 95%CI: 0.14 to 1.35) in ADHD (Supplementary 13).
Table 4League table for memory


	Exergaming
	 	 	 	 	 
	0.48 (-0.56,1.53)
	MPA
	 	 	 	 
	0.51 (-0.74,1.76)
	0.03 (-1.02,1.08)
	MBE
	 	 	 
	0.70 (-0.60,2.01)
	0.22 (-0.84,1.28)
	0.19 (-0.95,1.34)
	NF
	 	 
	0.96 (-0.14,2.07)
	0.48 (-0.24,1.21)
	0.45 (-0.62,1.53)
	0.26 (-0.67,1.19)
	AE
	 
	0.97 (0.10,1.84)
	0.49 (-0.09,1.07)
	0.46 (-0.44,1.36)
	0.27 (-0.71,1.25)
	0.01 (-0.68,0.69)
	UC


AE aerobic exercise, MBE mind-body exercise, MPA multicomponent physical activity, NF neurofeedback, UC usual care. Results are presented as standardized mean differences (SMD) and 95% confidence intervals. SMD values more than 0.00 favor the column-defining treatment node for the NMA results. Estimates in bold denote significance at p<0.05




Executive functions
Figure 2c presents the network plot for executive functions, including 26 studies with 1,003 participants. Exergaming, MBE, and MPA produced large positive effects (SMDs = 0.79–0.94) compared with usual care. Furthermore, exergaming (SMD = 0.78, 95%CI: 0.12 to 1.45) and MPA (SMD = 0.64, 95%CI: 0.11 to 1.18) were significantly superior to AE (Table 5). The SUCRAs revealed that exergaming (SUCRA = 80.6%) was the treatment most likely to perform best, followed by MBE (SUCRA = 78.1%), and MPA (SUCRA = 70.2%) (Supplementary 11). AE did not demonstrate significant effects on executive functions compared to usual care (SMD = 0.15, 95%CI: -0.39 to 0.70). The comparison-adjusted funnel plot and Egger test revealed a certain degree of asymmetry for executive functions (Supplementary 12), suggesting the presence of potential publication bias in this analysis. When analyzing specific NDD types, MBE, MPA, and exergaming were more effective than usual care (SMDs = 0.57–1.82) and outperformed AE (SMDs = 0.66–1.91) in ADHD. In ASD, however, only MPA showed significant effectiveness over usual care (SMD = 0.67) (Supplementary 13).
Table 5League table for executive functions


	Exergaming
	 	 	 	 	 	 
	0.02 (-0.85,0.89)
	MBE
	 	 	 	 	 
	0.14 (-0.40,0.69)
	0.12 (-0.64,0.89)
	MPA
	 	 	 	 
	0.55 (-0.89,2.00)
	0.53 (-0.62,1.69)
	0.41 (-0.98,1.80)
	RT
	 	 	 
	0.67 (-0.59,1.93)
	0.65 (-0.74,2.04)
	0.53 (-0.67,1.72)
	0.12 (-1.69,1.93)
	NF
	 	 
	0.78 (0.12,1.45)
	0.76 (-0.13,1.65)
	0.64 (0.11,1.18)
	0.23 (-1.23,1.69)
	0.11 (-0.96,1.19)
	AE
	 
	0.94 (0.42,1.45)
	0.92 (0.21,1.62)
	0.79 (0.48,1.11)
	0.38 (-0.97,1.74)
	0.27 (-0.94,1.47)
	0.15 (-0.39,0.70)
	UC


AE aerobic exercise, MBE mind–body exercise, MPA multicomponent physical activity, RT relaxation techniques, NF neurofeedback, UC usual care. Results are presented as standardized mean differences (SMD) and 95% confidence intervals. SMD values more than 0.00 favor the column-defining treatment node for the NMA results. Estimates in bold denote significance at p < 0.05




Acceptability
The NMA for treatment acceptability included 31 studies with n = 1,403 participants (Supplementary 9). Apart from AE (OR = 0.38, 95% CI: 0.15 to 0.97), which was slightly less accepted than usual care, no differences in dropout rates were observed among other PA interventions (Supplementary 10).

Additional analyses
The sensitivity analyses with removing studies with high risk of bias were generally consistent with the original results (Supplementary 14). Meta-regressions did not demonstrate the significant impacts of the sample size, intervention length, or total dose on cognitive parameters (Supplementary 15). Subgroup analyses showed that significant improvements in memory were found in ADHD, DCD, and SLD, but not for ASD (Hedges’ g = -0.06, 95%CI: -0.52 to 0.40, I2 = 25.49%). Additionally, PA interventions had significant effects on executive functions when the frequency was no more than three sessions per week at moderate-to-vigorous intensity (Supplementary 14). The certainty of evidence regarding the effectiveness of PA interventions in enhancing attention, memory, and executive functions was very low to low (Supplementary 16). The evidence was downgraded primarily due to concerns about within-study bias, imprecision, and heterogeneity.


Discussion
This NMA summarized the available evidence and identified that MBE, exergaming, and MPA were substantiated to yield advantageous effects on specific cognitive functions. We noted no significant differences in acceptability among these PA interventions, suggesting they are comparably accepted to usual care. However, AE did not significantly differ from usual care across the three cognitive domains and was less accepted than usual care. The quality of evidence based on the CINeMA framework demonstrated very low to low quality, underscoring the necessity for cautious interpretations of our findings.
The NMA results indicate that MBE was the most effective PA intervention for improving attention. It may be attributed that MBE emphasizes the coordination between breathing, awareness of bodily sensation, and movement performance [98] by combining controlled physical movements and meditation components that foster internal concentration and body awareness [99]. MBE necessitates energy expenditure while simultaneously demanding a high level of concentration. This mindfulness-based intervention entails prolonged engagement in attentional control skills, such as sustained attention and attentional switching, which generally improves attentional control capabilities [100]. Additionally, for ADHD, which is characterized by persistent inattention and/or hyperactivity-impulsivity [1], the results consistently showed MBE as the most effective intervention for improving attention.
When taking all NDDs into consideration, we found that exergaming appeared as the most effective PA intervention for improving memory and executive functions. The benefits of exergaming may be attributed to the fact that cognitive improvements resulting from PA may partially depend on the enjoyable emotions derived from the activities [101, 102]. Unlike repetitive movements and intense exertion often associated with AE, exergaming offers challenges, feedback, and rewards that make PA a more enjoyable and entertaining endeavor [103]. Moreover, video games have been acknowledged as motivators for promoting active behavior engagement [104]. The combination of enjoyment, motivational gains, and immersion in exergaming may collectively contribute to cognitive benefits through the long-term engagement in PA [102]. From the etiological perspective, alterations in brain circuits of NDDs establish a connection between dopaminergic dysfunction and the expression of cognitive capacities [105], which is evident in conditions such as ADHD [106] and ASD [107]. Therefore, another plausible explanation is that enjoyable exergaming triggers the release of dopamine, which is conjectured to enhance cognitive processes [23, 108]. Further empirical studies are warranted to support these conceptual assumptions within the context of NDDs. However, in specific NDD populations, only MPA demonstrated consistently significant effectiveness across three cognitive functions in children and adolescents with ADHD, as well as in executive functions in ASD. The studies classified as MPA in this NMA primarily involved coordinatively demanding and non-automated sport-related activities that were assumed to activate brain regions associated with higher-order cognitive processes [109–111].
Our findings on the superior effectiveness of MPA over AE in improving executive functions align with results from RCT that directly compared these interventions head-to-head [88], but differ from prior meta-analyses [28, 31] that reported comparable cognitive benefits for both AE and cognitively engaging exercises. This discrepancy may partially stem from the methodology. First, both reviews [28, 31] did not limit their inclusion criteria to randomized controlled trials. Pre-experimental or quasi-experimental designs could compromise external validity and introduce potential bias (e.g., regression to mean), which may affect the observed effects [112]. Second, the variability stemming from intervention lengths (i.e., acute or chronic) may potentially account for the disparities in these findings. Upon reviewing the studies included by Liang et al. [28] and Sung et al. [31], the significant effects of AE on cognitive improvements were observed following episodes of acute treadmill walking, running, or stationary cycling in children with NDDs. It is postulated that the intervention effects might be more readily observable when assessed immediately following exercise [41]. These findings are further supported by the temporal dynamics of concentration changes in neurochemicals, suggesting that alterations in cognitive processes and functions following acute exercise were associated with the corresponding changes in neurochemical levels [113]. High-quality randomized controlled trials are warranted to ascertain the effectiveness of long-term AE in children and adolescents with NDDs. Nevertheless, we echoed the appeal of “Going beyond Simply Moving to Moving with Thought” [33], suggesting that future PA interventions could prioritize cognitive efforts over basic repetitive activities that demand little thought.
In terms of intervention acceptability, while MBE, MPA, and exergaming demonstrated comparable outcomes in this NMA, exergaming exhibited relatively lower rankings. Limited comprehension of instructions may lead to noncompliance or attrition with intervention protocols, potentially compromising the intervention’s effectiveness [109]. Therefore, programmatic modifications may be necessary before implementation. Adaptations of exergaming, such as enhancement of visual comprehensibility, may better support the learning and processing needs of children and adolescents with NDDs. Notably, in this NMA, AE demonstrated the lowest acceptability among the included treatments and exhibited significantly lower acceptance rates compared to usual care. The reduced acceptance of AE may be attributed to the inherently repetitive nature of such activities, which often involve continuous, rhythmic movements, such as running, stationary cycling, or other repetitive patterns. The monotonous character of these standardized, sustained actions may affect children’s engagement and motivation. These findings indicate the consideration of incorporating enjoyable and cognitively challenging elements into PA interventions.
Limitations
Several limitations should be considered when interpreting our results. First, despite our efforts to categorize various types of PA according to guidelines [43] and previous NMAs [44, 45], some included interventions were classified based on the descriptions provided by the authors, which were not standardized. Second, the majority of the included randomized controlled trials had limited sample sizes, potentially undermining the ability to obtain robust and conclusive evidence owing to the small study effect. Similarly, a few included studies on various types of PA led to thinly connected networks and underpowered estimates for detecting possible differences. Third, given that the certainty of evidence was very low to low, the effect sizes and rankings of the treatments are likely to change as more evidence becomes available. Fourth, the limited information available on baseline IQ or medication usage hampers our ability to explore their impacts on the results. Fifth, included studies mainly focused on the effects of chronic PA interventions at immediate post-intervention and predominantly involved males (79.9%) with ADHD or ASD. Future research is needed to evaluate the long-term effectiveness of PA interventions on gender and other NDDs.


Conclusions
This is the first NMA to estimate the comparative effectiveness of various PA interventions on cognitive functions in children and adolescents with NDDs. Our results revealed that the effectiveness varies according to the PA types. MBE, exergaming, and MPA have significant domain-specific cognitive benefits. AE demonstrated non-significant effectiveness for all outcomes. MBE emerges as particularly advantageous for attention. MPA yielded consistent improvements in memory and executive functions across NDD types. Our results suggest that there is a need to select appropriate PA interventions to improve specific cognitive function in children and adolescents with NDDs. With the low quality of some findings in this NMA, we recommend that direct head-to-head comparison randomized controlled trials are warranted to confirm the relationships between PA and cognitive functions in this population.

Acknowledgements
Not applicable.

Authors’ contributions
RT and CHPS conceived the original concept and study design. RT, CL, and CHPS conducted the study selection and extracted data. RT and JRC conducted the quality assessment. RT performed all data analyses. RT initially drafted the manuscript. YY, MW, and CHPS contributed to critically reviewing the manuscript for important intellectual content.

Funding
This study was supported by the Research Grants Council of Hong Kong, General Research Fund (14612122) and Research Impact Fund (R4035-22F).

Data availability
All data generated or analysed during this study are included in this published article and its supplementary files.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Author Dr. Cindy H.P. Sit is a member of the Editorial Board of the International Journal of Behavioral Nutrition and Physical Activity. Dr. Cindy H.P. Sit was not involved in the journal’s peer review process of, or decisions related to, this manuscript. The authors declare that they have no other competing interests.


References
	1.
American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-5. Washington, DC, 2013.


	2.
Francés L, Quintero J, Fernández A, et al. Current state of knowledge on the prevalence of neurodevelopmental disorders in childhood according to the DSM-5: A systematic review in accordance with the PRISMA criteria. Child Adolesc Psychiatry Ment Health. 2022;16(1):27. https://​doi.​org/​10.​1186/​s13034-022-00462-1.CrossrefPubMedPubMedCentral


	3.
Boivin MJ, Kakooza AM, Warf BC, Davidson LL, Grigorenko EL. Reducing neurodevelopmental disorders and disability through research and interventions. Nature. 2015;527:S155–60. https://​doi.​org/​10.​1038/​nature16029.CrossrefPubMed


	4.
Parenti I, Rabaneda LG, Schoen H, et al. Neurodevelopmental Disorders: From genetics to functional pathways. Trends Neurosci. 2020;43(8):608–21. https://​doi.​org/​10.​1016/​j.​tins.​2020.​05.​004.CrossrefPubMed


	5.
Thapar A, Cooper M, Rutter M. Neurodevelopmental disorders. Lancet Psychiatry. 2017;4(4):339–46. https://​doi.​org/​10.​1016/​S2215-0366(16)30376-5.CrossrefPubMed


	6.
Liu C, Liang X, Sit CHP. Physical activity and mental health in children and adolescents with Neurodevelopmental Disorders: A systematic review and meta-analysis. JAMA Pediatr. 2024;178(3):247–57. https://​doi.​org/​10.​1001/​jamapediatrics.​2023.​6251.CrossrefPubMed


	7.
Arnold LE, Hodgkins P, Kahle J, Madhoo M, Kewley G. Long-term outcomes of ADHD: Academic achievement and performance. J Atten Disord. 2020;24(1):73–85. https://​doi.​org/​10.​1177/​1087054714566076​.CrossrefPubMed


	8.
Chen L, Abrams DA, Rosenberg-Lee M, et al. Quantitative analysis of heterogeneity in academic achievement of children with autism. Clin Psychol Sci. 2019;7(2):362–80. https://​doi.​org/​10.​1177/​2167702618809353​.CrossrefPubMed


	9.
Dahan-Oliel N, Shikako-Thomas K, Majnemer A. Quality of life and leisure participation in children with neurodevelopmental disabilities: A thematic analysis of the literature. Qual Life Res. 2012;21(3):427–39. https://​doi.​org/​10.​1007/​s11136-011-0063-9.CrossrefPubMed


	10.
Robinson KE, Kaizar E, Catroppa C, Godfrey C, Yeates KO. Systematic review and meta-analysis of cognitive interventions for children with central nervous system disorders and neurodevelopmental disorders. J Pediatr Psychol. 2014;39(8):846–65. https://​doi.​org/​10.​1093/​jpepsy/​jsu031.CrossrefPubMed


	11.
Fuhrmann D, Knoll LJ, Blakemore S-J. Adolescence as a sensitive period of brain development. Trends Cogn Sci. 2015;19(10):558–66. https://​doi.​org/​10.​1016/​j.​tics.​2015.​07.​008.CrossrefPubMed


	12.
Fandakova Y, Hartley CA. Mechanisms of learning and plasticity in childhood and adolescence. Dev Cogn Neurosci. 2020;42: 100764. https://​doi.​org/​10.​1016/​j.​dcn.​2020.​100764.CrossrefPubMedPubMedCentral


	13.
Harvey PD. Domains of cognition and their assessment. Dialogues Clin Neurosci. 2019;21(3):227–37.CrossrefPubMedPubMedCentral


	14.
Lyon GR, Krasnegor NA, McMenamin S. Attention, memory, and executive function. Baltimore, MD, 1996. https://​doi.​org/​10.​31887/​DCNS.​2019.​21.​3/​pharvey.


	15.
Wetmore DZ, Garner CC. Emerging pharmacotherapies for neurodevelopmental disorders. J Dev Behav Pediatr. 2010;31(7):564–81. https://​doi.​org/​10.​1097/​DBP.​0b013e3181ee3833​.CrossrefPubMedPubMedCentral


	16.
Shrestha M, Lautenschleger J, Soares N. Non-pharmacologic management of attention-deficit/hyperactivity disorder in children and adolescents: A review. Transl Pediatr. 2019: S114-S24. https://​tp.​amegroups.​com/​article/​view/​32479.


	17.
Hyman SL, Levy SE, Myers SM. Identification, evaluation, and management of children with autism spectrum disorder. Pediatrics. 2020; 145(1). https://​doi.​org/​10.​1542/​peds.​2019-3447


	18.
Wang GJ, Volkow ND, Wigal T, et al. Long-term stimulant treatment affects brain dopamine transporter level in patients with attention deficit hyperactive disorder. PLoS ONE. 2013;8(5):e63023. https://​doi.​org/​10.​1371/​journal.​pone.​0063023.CrossrefPubMedPubMedCentral


	19.
Logan SL, Carpenter L, Leslie RS, et al. Rates and predictors of adherence to psychotropic medications in children with autism spectrum disorders. J Autism Dev Disord. 2014;44(11):2931–48. https://​doi.​org/​10.​1007/​s10803-014-2156-0.CrossrefPubMed


	20.
Biederman J, Fried R, DiSalvo M, et al. Evidence of low adherence to stimulant medication among children and youths with ADHD: An electronic health records study. Psychiatr Serv. 2019;70(10):874–80. https://​doi.​org/​10.​1176/​appi.​ps.​201800515.CrossrefPubMed


	21.
Lambez B, Harwood-Gross A, Golumbic EZ, Rassovsky Y. Non-pharmacological interventions for cognitive difficulties in ADHD: A systematic review and meta-analysis. J Psychiatr Res. 2020;120:40–55. https://​doi.​org/​10.​1016/​j.​jpsychires.​2019.​10.​007.CrossrefPubMed


	22.
Qiu H, Liang X, Wang P, Zhang H, Shum DHK. Efficacy of non-pharmacological interventions on executive functions in children and adolescents with ADHD: A systematic review and meta-analysis. Asian J Psychiatr. 2023;87:103692. https://​doi.​org/​10.​1016/​j.​ajp.​2023.​103692.CrossrefPubMed


	23.
Lubans D, Richards J, Hillman C, et al. Physical activity for cognitive and mental health in youth: A systematic review of mechanisms. Pediatrics. 2016; 138(3). https://​doi.​org/​10.​1542/​peds.​2016-1642


	24.
Lin TW, Kuo YM. Exercise benefits brain function: the monoamine connection. Brain Sci. 2013;3(1):39–53. https://​doi.​org/​10.​3390/​brainsci3010039.CrossrefPubMedPubMedCentral


	25.
Imms C, Granlund M, Wilson PH, Steenbergen B, Rosenbaum PL, Gordon AM. Participation, both a means and an end: a conceptual analysis of processes and outcomes in childhood disability. Dev Med Child Neurol. 2017;59(1):16–25. https://​doi.​org/​10.​1111/​dmcn.​13237.CrossrefPubMed


	26.
World Health Organization. Guidelines on physical activity and sedentary behaviour. Geneva, 2020.


	27.
Brown DMY, McPhee PG, Kwan MY, Timmons BW. Implications of disability severity on 24-hour movement guideline adherence among children with neurodevelopmental disorders in the united states. J Phys Act Health. 2021;18(11):1325–31. https://​doi.​org/​10.​1123/​jpah.​2021-0282.CrossrefPubMed


	28.
Liang X, Li R, Wong SHS, Sum RKW, Sit CHP. The impact of exercise interventions concerning executive functions of children and adolescents with attention-deficit/hyperactive disorder: A systematic review and meta-analysis. Int J Behav Nutr Phys Act. 2021;18(1):68. https://​doi.​org/​10.​1186/​s12966-021-01135-6.CrossrefPubMedPubMedCentral


	29.
Liang X, Li R, Wong SHS, et al. The effects of exercise interventions on executive functions in children and adolescents with autism spectrum disorder: A systematic review and meta-analysis. Sports Med. 2022;52(1):75–88. https://​doi.​org/​10.​1007/​s40279-021-01545-3.CrossrefPubMed


	30.
Sibbick E, Boat R, Sarkar M, Groom M, Cooper SB. Acute effects of physical activity on cognitive function in children and adolescents with attention-deficit/hyperactivity disorder: A systematic review and meta-analysis. Ment Health Phys Act. 2022;23: 100469. https://​doi.​org/​10.​1016/​j.​mhpa.​2022.​100469.Crossref


	31.
Sung MC, Ku B, Leung W, MacDonald M. The effect of physical activity interventions on executive function among people with neurodevelopmental disorders: A meta-analysis. J Autism Dev Disord. 2022;52(3):1030–50. https://​doi.​org/​10.​1007/​s10803-021-05009-5.CrossrefPubMed


	32.
Rouse B, Chaimani A, Li T. Network meta-analysis: An introduction for clinicians. Intern Emerg Med. 2017;12(1):103–11. https://​doi.​org/​10.​1007/​s11739-016-1583-7.CrossrefPubMed


	33.
Diamond A. Effects of physical exercise on executive functions: Going beyond simply moving to moving with thought. Ann Sports Med Res. 2015;2(1):1011.PubMedPubMedCentral


	34.
Pesce C, Croce R, Ben-Soussan TD, et al. Variability of practice as an interface between motor and cognitive development. Int J Sport Exerc Psychol. 2016;17(2):133–52. https://​doi.​org/​10.​1080/​1612197X.​2016.​1223421.Crossref


	35.
Tse ACY, Anderson DI, Liu VHL, Tsui SSL. Improving executive function of children with autism spectrum disorder through cycling skill acquisition. Med Sci Sports Exerc. 2021;53(7):1417–24. https://​doi.​org/​10.​1249/​mss.​0000000000002609​.CrossrefPubMed


	36.
Mills EJ, Thorlund K, Ioannidis JPA. Demystifying trial networks and network meta-analysis. BMJ. 2013;346: f2914. https://​doi.​org/​10.​1136/​bmj.​f2914.CrossrefPubMed


	37.
Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension statement for reporting of systematic reviews incorporating network meta-analyses of health care interventions: checklist and explanations. Ann Intern Med. 2015;162(11):777–84. https://​doi.​org/​10.​7326/​m14-2385.CrossrefPubMed


	38.
Yu JJ, Burnett AF, Sit CH. Motor skill interventions in children with developmental coordination disorder: A systematic review and meta-analysis. Arch Phys Med Rehabil. 2018;99(10):2076–99. https://​doi.​org/​10.​1016/​j.​apmr.​2017.​12.​009.CrossrefPubMed


	39.
Zou L, Loprinzi PD, Yeung AS, Zeng N, Huang T. The beneficial effects of mind-body exercises for people with mild cognitive impairment: A systematic review with meta-analysis. Arch Phys Med Rehabil. 2019;100(8):1556–73. https://​doi.​org/​10.​1016/​j.​apmr.​2019.​03.​009.CrossrefPubMed


	40.
Vysniauske R, Verburgh L, Oosterlaan J, Molendijk ML. The effects of physical exercise on functional outcomes in the treatment of ADHD: A meta-analysis. J Atten Disord. 2020;24(5):644–54. https://​doi.​org/​10.​1177/​1087054715627489​.CrossrefPubMed


	41.
Huang H, Jin Z, He C, Guo S, Zhang Y, Quan M. Chronic exercise for core symptoms and executive functions in ADHD: A meta-analysis. Pediatrics. 2023;151(1):e2022057745. https://​doi.​org/​10.​1542/​peds.​2022-057745.CrossrefPubMed


	42.
Su WC, Amonkar N, Cleffi C, Srinivasan S, Bhat A. Neural effects of physical activity and movement interventions in individuals with developmental disabilities-A systematic review. Front Psychiatry. 2022; 13. https://​doi.​org/​10.​3389/​fpsyt.​2022.​794652


	43.
Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for Americans. JAMA. 2018;320(19):2020–8. https://​doi.​org/​10.​1001/​jama.​2018.​14854.CrossrefPubMedPubMedCentral


	44.
Goh SL, Persson MSM, Stocks J, et al. Relative efficacy of different exercises for pain, function, performance and quality of life in knee and hip osteoarthritis: A systematic review and network meta-analysis. Sports Med. 2019;49(5):743–61. https://​doi.​org/​10.​1007/​s40279-019-01082-0.CrossrefPubMedPubMedCentral


	45.
Owen PJ, Miller CT, Mundell NL, et al. Which specific modes of exercise training are most effective for treating low back pain? Network meta-analysis Br J Sports Med. 2020;54(21):1279–87. https://​doi.​org/​10.​1136/​bjsports-2019-100886.CrossrefPubMed


	46.
Bonetti AJ, Drury DG, Danoff JV, Miller TA. Comparison of acute exercise responses between conventional video gaming and isometric resistance exergaming. J Strength Cond Res. 2010;24(7):1799–803. https://​doi.​org/​10.​1519/​JSC.​0b013e3181bab4a8​.CrossrefPubMed


	47.
Vancampfort D, Stubbs B, Van Damme T, et al. The efficacy of meditation-based mind-body interventions for mental disorders: A meta-review of 17 meta-analyses of randomized controlled trials. J Psychiatr Res. 2021;134:181–91. https://​doi.​org/​10.​1016/​j.​jpsychires.​2020.​12.​048.CrossrefPubMed


	48.
Zhang Z, Chang X, Zhang W, Yang S, Zhao G. The effect of meditation-based mind-body interventions on symptoms and executive function in people with ADHD: A meta-analysis of randomized controlled trials. J Atten Disord. 2023;27(6):583–97. https://​doi.​org/​10.​1177/​1087054723115489​7.CrossrefPubMed


	49.
Smith CA, Levett KM, Collins CT, Armour M, Dahlen HG, Suganuma M. Relaxation techniques for pain management in labour. Cochrane Database Syst Rev. 2018; 3(3): Cd009514. https://​doi.​org/​10.​1002/​14651858.​CD009514.​pub2


	50.
Hammond DC. What is neurofeedback: An update. J Neurother. 2011;15(4):305–36. https://​doi.​org/​10.​1080/​10874208.​2011.​623090.Crossref


	51.
Xue Y, Yang Y, Huang T. Effects of chronic exercise interventions on executive function among children and adolescents: A systematic review with meta-analysis. Br J Sports Med. 2019;53(22):1397–404. https://​doi.​org/​10.​1136/​bjsports-2018-099825.CrossrefPubMed


	52.
Op den Kelder R, Van den Akker AL, Geurts HM, Lindauer RJL, Overbeek G. Executive functions in trauma-exposed youth: A meta-analysis. Eur J Psychotraumatol. 2018; 9(1): 1450595. https://​doi.​org/​10.​1080/​20008198.​2018.​1450595


	53.
Johnson D, Policelli J, Li M, et al. Associations of early-life threat and deprivation with executive functioning in childhood and adolescence: A systematic review and meta-analysis. JAMA Pediatr. 2021;175(11):e212511-e. https://​doi.​org/​10.​1001/​jamapediatrics.​2021.​2511.Crossref


	54.
Higgins JP, Thomas J, Chandler J, et al. Cochrane handbook for systematic reviews of interventions: John Wiley & Sons; 2019.


	55.
Sterne JAC, Savović J, Page MJ, et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366: l4898. https://​doi.​org/​10.​1136/​bmj.​l4898.CrossrefPubMed


	56.
Nikolakopoulou A, Higgins JP, Papakonstantinou T, et al. CINeMA: an approach for assessing confidence in the results of a network meta-analysis. PloS Med. 2020;17(4): e1003082. https://​doi.​org/​10.​1371/​journal.​pmed.​1003082.CrossrefPubMedPubMedCentral


	57.
Papakonstantinou T, Nikolakopoulou A, Higgins JP, Egger M, Salanti G. Cinema: software for semiautomated assessment of the confidence in the results of network meta-analysis. Campbell Syst Rev. 2020;16(1): e1080. https://​doi.​org/​10.​1002/​cl2.​1080.CrossrefPubMedPubMedCentral


	58.
IntHout J, Ioannidis JPA, Borm GF. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-analysis is straightforward and considerably outperforms the standard DerSimonian-Laird method. BMC Med Res Methodol. 2014;14(1):25. https://​doi.​org/​10.​1186/​1471-2288-14-25.CrossrefPubMedPubMedCentral


	59.
Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Routledge, 2013.


	60.
Rücker G, Cates CJ, Schwarzer G. Methods for including information from multi-arm trials in pairwise meta-analysis. Res Synth Methods. 2017; 8(4): 392–403. https://​doi.​org/​10.​1002/​jrsm.​1259


	61.
Higgins JP, Jackson D, Barrett JK, Lu G, Ades AE, White IR. Consistency and inconsistency in network meta-analysis: concepts and models for multi-arm studies. Res Synth Methods. 2012;3(2):98–110. https://​doi.​org/​10.​1002/​jrsm.​1044.CrossrefPubMedPubMedCentral


	62.
Veroniki AA, Vasiliadis HS, Higgins JP, Salanti G. Evaluation of inconsistency in networks of interventions. Int J Epidemiol. 2013;42(1):332–45. https://​doi.​org/​10.​1093/​ije/​dys222.CrossrefPubMed


	63.
Rhodes KM, Turner RM, Higgins JPT. Predictive distributions were developed for the extent of heterogeneity in meta-analyses of continuous outcome data. J Clin Epidemiol. 2015;68(1):52–60. https://​doi.​org/​10.​1016/​j.​jclinepi.​2014.​08.​012.CrossrefPubMedPubMedCentral


	64.
Turner RM, Davey J, Clarke MJ, Thompson SG, Higgins JP. Predicting the extent of heterogeneity in meta-analysis, using empirical data from the Cochrane Database of Systematic Reviews. Int J Epidemiol. 2012;41(3):818–27. https://​doi.​org/​10.​1093/​ije/​dys041.CrossrefPubMedPubMedCentral


	65.
Salanti G, Ades A, Ioannidis JP. Graphical methods and numerical summaries for presenting results from multiple-treatment meta-analysis: An overview and tutorial. J Clin Epidemiol. 2011;64(2):163–71. https://​doi.​org/​10.​1016/​j.​jclinepi.​2010.​03.​016.CrossrefPubMed


	66.
Deeks JJ, Higgins JPT, Altman DG. Chapter 9: Analysing data and undertaking meta-analyses. Cochrane Handbook for Systematic Reviews of Interventions; 2019: 241–84. https://​doi.​org/​10.​1002/​9781119536604.​ch10.


	67.
Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. 1997;315(7109):629–34. https://​doi.​org/​10.​1136/​bmj.​315.​7109.​629.CrossrefPubMedPubMedCentral


	68.
Ahmed GM, Mohamed A. Effect of regular aerobic exercises on behavioral, cognitive and psychological response in patients with attention deficit-hyperactivity disorder. Life Sci J. 2011;8(2):366–71.


	69.
Benzing V, Schmidt M. The effect of exergaming on executive functions in children with ADHD: A randomized clinical trial. Scand J Med Sci Sports. 2019;29(8):1243–53. https://​doi.​org/​10.​1111/​sms.​13446.CrossrefPubMed


	70.
Borgi M, Loliva D, Cerino S, et al. Effectiveness of a standardized equine-assisted therapy program for children with autism spectrum disorder. J Autism Dev Disord. 2016;46(1):1–9. https://​doi.​org/​10.​1007/​s10803-015-2530-6.CrossrefPubMed


	71.
Bustamante EE, Davis CL, Frazier SL, et al. Randomized controlled trial of exercise for ADHD and disruptive behavior disorders. Med Sci Sports Exerc. 2016;48(7):1397–407. https://​doi.​org/​10.​1249/​mss.​0000000000000891​.CrossrefPubMedPubMedCentral


	72.
Chan AS, Sze SL, Siu NY, Lau EM, Cheung MC. A chinese mind-body exercise improves self-control of children with autism: A randomized controlled trial. PLoS ONE. 2013;8(7):e68184. https://​doi.​org/​10.​1371/​journal.​pone.​0068184.CrossrefPubMedPubMedCentral


	73.
Chang SH, Shie JJ, Yu NY. Enhancing executive functions and handwriting with a concentrative coordination exercise in children with ADHD: A randomized clinical trial. Percept Mot Skills. 2022;129(4):1014–35. https://​doi.​org/​10.​1177/​0031512522109832​4.CrossrefPubMed


	74.
Choi JW, Han DH, Kang KD, Jung HY, Renshaw PF. Aerobic exercise and attention deficit hyperactivity disorder: brain research. Med Sci Sports Exerc. 2015;47(1):33–9. https://​doi.​org/​10.​1249/​mss.​0000000000000373​.CrossrefPubMedPubMedCentral


	75.
Damanpak S, Sabzi AH. The effect of selected motor games on executive functions of children with developmental coordination disorders. Int J Pediatr. 2022; 10(2): 15449–59. https://​doi.​org/​10.​22038/​IJP.​2021.​57638.​4523


	76.
Emami Kashfi T, Sohrabi M, Saberi Kakhki A, Mashhadi A, Jabbari NM. Effects of a motor intervention program on motor skills and executive functions in children with learning disabilities. Percept Mot Skills. 2019;126(3):477–98. https://​doi.​org/​10.​1177/​0031512519836811​.CrossrefPubMed


	77.
Geladé K, Bink M, Janssen T, Mourik R, Maras A, Oosterlaan J. An RCT into the effects of neurofeedback on neurocognitive functioning compared to stimulant medication and physical activity in children with ADHD. Eur Child Adolesc Psychiatry. 2017;26(4):457–68. https://​doi.​org/​10.​1007/​s00787-016-0902-x.CrossrefPubMed


	78.
Greco G, De Ronzi R. Effect of Karate training on social, emotional, and executive functioning in children with autism spectrum disorder. J Phys Educ Sport. 2020;20(4):1637–45. https://​doi.​org/​10.​7752/​jpes.​2020.​04223.Crossref


	79.
Hashemi A, Khodaverdi Z, Zamani MH. Effect of Wii Fit training on visual perception and executive function in boys with developmental coordination disorders: A randomized controlled trial. Res Dev Disabil. 2022;124:104196. https://​doi.​org/​10.​1016/​j.​ridd.​2022.​104196.CrossrefPubMed


	80.
Hattabi S, Bouallegue M, Ben Yahya H, Bouden A. Rehabilitation of ADHD children by sport intervention: A Tunisian experience. Tunis Med. 2019;97(7):874–81.PubMed


	81.
Ji CX, Yang J. Effects of physical exercise and virtual training on visual attention levels in children with autism spectrum disorders. Brain Sci. 2022;12(1):41. https://​doi.​org/​10.​3390/​brainsci12010041​.Crossref


	82.
Ji HQ, Wu SS, Won J, et al. The effects of exergaming on attention in children with attention deficit/hyperactivity disorder: Randomized controlled trial. JMIR Serious Games. 2023;11:e40438. https://​doi.​org/​10.​2023/​1/​e40438.CrossrefPubMedPubMedCentral


	83.
Kadri A, Slimani M, Bragazzi NL, Tod D, Azaiez F. Effect of taekwondo practice on cognitive function in adolescents with attention deficit hyperactivity disorder. Int J Environ Res Public Health. 2019;16(2):204. https://​doi.​org/​10.​3390/​ijerph16020204.CrossrefPubMedPubMedCentral


	84.
Lee SK, Song J, Park JH. Effects of combination exercises on electroencephalography and frontal lobe executive function measures in children with ADHD: A pilot study. Biomed Res. 2017;28:S455–60.


	85.
Liang X, Qiu H, Wang P, Sit CHP. The impacts of a combined exercise on executive function in children with ADHD: A randomized controlled trial. Scand J Med Sci Sports. 2022;32(8):1297–312. https://​doi.​org/​10.​1111/​sms.​14192.CrossrefPubMed


	86.
Ludyga S, Mücke M, Leuenberger R, et al. Behavioral and neurocognitive effects of judo training on working memory capacity in children with ADHD: A randomized controlled trial. NeuroImage Clin. 2022;36:103156. https://​doi.​org/​10.​1016/​j.​nicl.​2022.​103156.CrossrefPubMedPubMedCentral


	87.
Memarmoghaddam M, Torbati HT, Sohrabi M, Mashhadi A, Kashi A. Effects of a selected exercise programon executive function of children with attention deficit hyperactivity disorder. J Med Life. 2016;9(4):373–9.PubMedPubMedCentral


	88.
Nejati V, Derakhshan Z. The effect of physical activity with and without cognitive demand on the improvement of executive functions and behavioral symptoms in children with ADHD. Expert Rev Neurother. 2021;21(5):607–14. https://​doi.​org/​10.​1080/​14737175.​2021.​1912600.CrossrefPubMed


	89.
Pan CY, Chu CH, Tsai CL, Lo SY, Cheng YW, Liu YJ. A racket-sport intervention improves behavioral and cognitive performance in children with attention-deficit/hyperactivity disorder. Res Dev Disabil. 2016;57:1–10. https://​doi.​org/​10.​1016/​j.​ridd.​2016.​06.​009.CrossrefPubMed


	90.
Pan CY, Chu CH, Tsai CL, Sung MC, Huang CY, Ma WY. The impacts of physical activity intervention on physical and cognitive outcomes in children with autism spectrum disorder. Autism. 2017;21(2):190–202. https://​doi.​org/​10.​1177/​1362361316633562​.CrossrefPubMed


	91.
Phung JN, Goldberg WA. Promoting executive functioning in children with autism spectrum disorder through mixed martial arts training. J Autism Dev Disord. 2019;49(9):3669–84. https://​doi.​org/​10.​1007/​s10803-019-04072-3.CrossrefPubMed


	92.
Rafiei Milajerdi H, Sheikh M, Najafabadi MG, Saghaei B, Naghdi N, Dewey D. The effects of physical activity and exergaming on motor skills and executive functions in children with autism spectrum disorder. Games Health J. 2021;10(1):33–42. https://​doi.​org/​10.​1089/​g4h.​2019.​0180.CrossrefPubMed


	93.
Rezaei M, Kamarzard TS, Razavi MN. The effects of neurofeedback, yoga interventions on memory and cognitive activity in children with attention-deficit/hyperactivity disorder: A randomized controlled trial. Ann Appl Sport Sci. 2018; 6(4): 17-27. https://​doi.​org/​10.​29252/​aassjournal.​6.​4.​17.


	94.
Sani NG, Akbarfahimi M, Akbari S, Zarei MA, Taghizadeh G. Neurofeedback training versus perceptual-motor exercises interventions in visual attention for children with attention-deficit/hyperactivity disorder: A randomized controlled trial. Basic Clin Neurosci. 2022; 13(2): 215–24. https://​doi.​org/​10.​32598/​bcn.​2021.​563.​2.


	95.
Silva LAD, Doyenart R, Henrique Salvan P, et al. Swimming training improves mental health parameters, cognition and motor coordination in children with Attention Deficit Hyperactivity Disorder. Int J Environ Health Res. 2020;30(5):584–92. https://​doi.​org/​10.​1080/​09603123.​2019.​1612041.CrossrefPubMed


	96.
Tse CYA, Lee HP, Chan KSK, Edgar VB, Wilkinson-Smith A, Lai WHE. Examining the impact of physical activity on sleep quality and executive functions in children with autism spectrum disorder: A randomized controlled trial. Autism. 2019;23(7):1699–710. https://​doi.​org/​10.​1177/​1362361318823910​.CrossrefPubMed


	97.
Tse ACY, Liu VHL, Lee PH, Anderson DI, Lakes KD. The relationships among executive functions, self-regulation, and physical exercise in children with autism spectrum disorder. Autism. 2023: 13623613231168944. https://​doi.​org/​10.​1177/​1362361323116894​4


	98.
Mehling WE, Wrubel J, Daubenmier JJ, Price CJ, Kerr CE, Silow T, Gopisetty V, Stewart AL. Body Awareness: a phenomenological inquiry into the common ground of mind-body therapies. Philos Ethics Humanit Med. 2011;6(1):6. https://​doi.​org/​10.​1186/​1747-5341-6-6.CrossrefPubMedPubMedCentral


	99.
Kwok JYY, Choi KC, Chan HYL. Effects of mind-body exercises on the physiological and psychosocial well-being of individuals with Parkinson's disease: A systematic review and meta-analysis. Complement Ther Med. 2016; 29: 121–31. https://​doi.​org/​10.​1016/​j.​ctim.​2016.​09.​016.


	100.
Anderson ND, Lau MA, Segal ZV, Bishop SR. Mindfulness-based stress reduction and attentional control. Clin Psychol Psychother. 2007;14(6):449–63.Crossref


	101.
Ekkekakis P, Hargreaves EA, Parfitt G. Envisioning the next fifty years of research on the exercise-affect relationship. Psychol Sport Exerc. 2013;14(5):751–8. https://​doi.​org/​10.​1016/​j.​psychsport.​2013.​04.​007.Crossref


	102.
Pesce C, Vazou S, Benzing V, et al. Effects of chronic physical activity on cognition across the lifespan: A systematic meta-review of randomized controlled trials and realist synthesis of contextualized mechanisms. Int Rev Sport Exerc Psychol. 2021: 1–39. https://​doi.​org/​10.​1080/​1612197X.​2016.​1223421.


	103.
Lyons EJ. Cultivating engagement and enjoyment in exergames using feedback, challenge, and rewards. Games Health J. 2014;4(1):12–8. https://​doi.​org/​10.​1089/​g4h.​2014.​0072.CrossrefPubMed


	104.
Kato PM. Video games in health care: Closing the gap. Rev Gen Psychol. 2010;14(2):113–21. https://​doi.​org/​10.​1037/​a0019441.Crossref


	105.
Nieoullon A. Dopamine and the regulation of cognition and attention. Prog Neurobiol. 2002;67(1):53–83. https://​doi.​org/​10.​1016/​s0301-0082(02)00011-4.CrossrefPubMed


	106.
Arnsten AFT, Rubia K. Neurobiological circuits regulating attention, cognitive control, motivation, and emotion: Disruptions in neurodevelopmental psychiatric disorders. J Am Acad Child Adolesc Psychiatry. 2012; 51(4): 356–67. https://​doi.​org/​10.​1016/​j.​jaac.​2012.​01.​008


	107.
Pavăl D. A dopamine hypothesis of autism spectrum disorder. Dev Neurosci. 2017;39(5):355–60. https://​doi.​org/​10.​1159/​000478725.CrossrefPubMed


	108.
de Greeff JW, Bosker RJ, Oosterlaan J, Visscher C, Hartman E. Effects of physical activity on executive functions, attention and academic performance in preadolescent children: A meta-analysis. J Sci Med Sport. 2018; 21(5): 501–7. https://​doi.​org/​10.​1016/​j.​jsams.​2017.​09.​595


	109.
Best JR. Effects of physical activity on children’s executive function: contributions of experimental research on aerobic exercise. Dev Rev. 2010;30(4):331–551. https://​doi.​org/​10.​1016/​j.​dr.​2010.​08.​001.CrossrefPubMedPubMedCentral


	110.
Diamond A, Lee K. Interventions shown to aid executive function development in children 4 to 12 years old. Science. 2011;333(6045):959–64. https://​doi.​org/​10.​1126/​science.​1204529.CrossrefPubMedPubMedCentral


	111.
Roebers CM, Kauer M. Motor and cognitive control in a normative sample of 7-year-olds. Dev Sci. 2009;12(1):175–81. https://​doi.​org/​10.​1111/​j.​1467-7687.​2008.​00755.​x.CrossrefPubMed


	112.
Barnett AG, van der Pols JC, Dobson AJ. Regression to the mean: what it is and how to deal with it. Int J Epidemiol. 2004;34(1):215–20. https://​doi.​org/​10.​1093/​ije/​dyh299.CrossrefPubMed


	113.
Basso JC, Suzuki WA. The effects of acute exercise on mood, cognition, neurophysiology, and neurochemical pathways: A review. Brain Plast. 2017;2(2):127–52. https://​doi.​org/​10.​3233/​bpl-160040.CrossrefPubMedPubMedCentral




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Comparative effectiveness of physical activity interventions on cognitive functions in children and adolescents with Neurodevelopmental Disorders: a systematic review and network meta-analysis of randomized controlled trials


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12966_2024_1702_Fig2_HTML.png
A) Attention

MBE Exergaming

MPA \ > AE
NF uc

C) Executive Functions

MBE

Exergaming
MPA T
—_

I~
= AE
/
NF

RT uc

B) Memory

MPA

MBE

Exergaming

NF

7/

uc

AE





OEBPS/css/sidebar.gif





OEBPS/images/12966_2024_1702_Fig1_HTML.png
)

Identification

[

Screening

Records (n = 7,067) identified
from:
Web of Science (n=1,812)
Pubmed (n=1,097)
Medline (n=1,188)
APA PsycINFO (n=1,130)
Embase (n=993)
CINAHL (n = 688)
SPORTDiscus (n=159)

Records removed before
screening:
Duplicate records removed
(n=2,767)

Records identified from:
Reference list (n = 154)

!

Records screened (n = 4,300)

Records excluded (n = 4,154)

l

Reports sought for retrieval

Reports not retrieved (n = 0)

(n = 146)
I

Reports assessed for eligibility

(n=146)
|

[ Included ]

Studies included in systematic
review and network meta-
analysis (n=31)

Reports excluded (n=115):
Ineligible study design
(n=24)

Ineligible population (n=11)
Ineligible intervention (n=55)
Ineligible outcome (n=30)
Insufficient data (n=4)
Secondary publication (n=1)

Records removed before
screening:
Duplicate records removed

(n=44)

Reports sought for retrieval

Reports not retrieved
@=0)

(n=110)
|

Reports assessed for eligibility
(n=110)

Reports excluded (n=110):
Duplicate with original
research (n=27)

Ineligible study design
(n=42)

Ineligible population (n=7)
Ineligible intervention (n=12)
Ineligible outcome (n=16)
Not English (n=6)






