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Abstract 

Background: ADHD (Attention Deficit Hyperactivity Disorder) is one of the most commonly 

diagnosed neurobiological disorders in children and adolescents. It is characterized by 

difficulties in maintaining attention, impulsivity, and excessive physical activity, which affect 

daily functioning at school, at home, and in social interactions. Traditional approaches to 

ADHD treatment are primarily based on pharmacotherapy and behavioral therapy. However, 
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there is a growing interest in the role of physical activity as a natural and complementary 

method for managing the disorder. 

Aim: This article aims to analyze the impact of different forms of physical activity on 

alleviating ADHD symptoms amongst young patients and to explore the mechanisms through 

which sports can serve as an effective therapeutic tool. 

Materials and methods: A review was conducted incorporating data from PubMed and Google 

Scholar using keywords such as “ADHD”, “sports”, “physical activity”,“mental health”, 

“adolescents” and “children”.  

Results: Scientific studies indicate that regular physical activity, particularly aerobic exercises 

and team sports, can improve executive functions, emotional regulation, and concentration 

levels in children with ADHD. Moreover, physical activity influences neurotransmitters such 

as dopamine and norepinephrine, which play a key role in ADHD symptoms.  

Conclusion: A literature review suggests that incorporating physical activity into the daily lives 

of children with ADHD can help alleviate symptoms such as inattention, impulsivity, impaired 

executive function, emotional dysregulation, and poor concentration. However, study outcomes 

remain inconsistent and call for further investigation. Gaining a clearer understanding of the 

mechanisms through which physical activity exerts its effects, as well as determining the most 

effective approaches, could support the development of new therapeutic strategies for managing 

ADHD in young individuals. 

 

KEYWORDS: ADHD, attention, cognitive functions, adolescent, sports, physical activity, 

mental health, children 

 

 

 

 

 

ADHD 

Attention deficit hyperactivity disorder (ADHD) is one of the most commonly diagnosed 

neurodevelopmental disorder in children, with a global prevalence ranging from 5.2% to 7.2% 

(Thomas et al., 2015), with diagnoses being more common in boys than in girls, at a ratio of 

approximately three boys for every one girl. (Witthen et al., 2011) Although ADHD has long 

been viewed as a disorder of childhood, it is now well recognized that significant symptoms 

often persist into adulthood in a substantial proportion of cases (approximately 65%). (Cortese 

et al., 2018) The disorder can lead to difficulties in education, challenges in securing and 

maintaining employment, marital problems, and an increased risk of engaging in criminal 

activities. Additionally, ADHD is frequently comorbid with other mental health disorders, 
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including personality disorders, self-harm, mood disorders, and substance abuse. (Willoughby, 

2003, Shaw et al., 2012, Choudhry et al., 2013) 

The core symptoms of ADHD include inattention, hyperactivity and impulsivity. (Polanczyk et 

al., 2014) Children with ADHD often struggle with tasks that involve response inhibition, 

working memory, planning, and adapting their actions and thoughts flexibly. This is commonly 

linked to a core deficit in executive functions, though it may also stem from more fundamental 

impairments, such as difficulties in allocating attentional or cognitive resources. (Hilger et al., 

2020) 

ADHD treatment includes both pharmacological and non-pharmacological approaches, each 

playing a crucial role in symptom management. Stimulant medications such as methylphenidate 

and amphetamines are widely used and have been shown to be effective, though their long-term 

benefits remain uncertain, and some patients experience side effects or develop tolerance. Non-

stimulant alternatives like atomoxetine and guanfacine provide additional options but tend to 

have a slower onset of action. (Posner et al., 2020) Medication has been proven effective in 

reducing ADHD symptoms and related motor difficulties. (Kaiser et al., 2015, O’Connor et al., 

2023) Behavioral and psychological interventions, including cognitive-behavioral therapy 

(CBT), parent training, and social skills training, play a crucial role in improving self-regulation, 

emotional control, and executive functioning. These approaches are particularly beneficial for 

individuals who do not respond well to medication or experience adverse effects. A multimodal 

treatment strategy that combines medication with behavioral interventions is often the most 

effective, as personalized treatment plans tailored to symptom severity and individual needs 

yield better outcomes. (Posner et al., 2020) 

Physical activity (PA) has recently gained recognition as a potential non-pharmacological 

intervention for improving inhibitory function in patients with ADHD. In children with ADHD, 

physical exercise has been shown to improve problems of inattention, hyperactivity and 

impulsivity (Ashdown-Franks et al., 2020, Villa-González et al., 2020), but in adults with 

ADHD there is still a lack of knowledge. (Lindvall et al., 2023) However, the optimal duration 

of PA remains unclear, as studies present mixed findings. Some suggest that long-term 

engagement leads to improvements, while others indicate that even short-term interventions can 

produce significant benefits. (Wang et al., 2023) This article investigates how different types of 

physical activity contribute to reducing ADHD symptoms. 

 

 

 

Neurological aspects of ADHD 

 

Although the exact etiology of ADHD is still unknown, one of the most widely accepted 

neurobiological models of ADHD implicates dysregulation in catecholamic systems, 

particularly those involving dopamine [DA] and norepinephrine [NE], and their effects on brain 

regions responsible for executive control. Those include the prefrontal cortex (PFC), basal 

ganglia (especially the caudate nucleus) and cerebellum, which form a distributed network 

critical for attention, inhibition and working memory - core deficits in ADHD. (Cortese et al., 

2012, Rubia et al., 2014)  More recent studies highlight how structural and functional 

impairments in these areas affect how differently individuals with ADHD process cognitive 

load and task complexity. (Hukherjee et al., 2021) Functional and structural imaging studies 

have also consistently shown reduced gray matter volume and altered connectivity in these 

areas in individuals with ADHD. (Castellanos and Proal, 2012, Hoogman et al., 2017) The 

activity within this network is extremely sensitive to the neurochemical environment, 
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particularly to the balance and interaction of dopamine and norepinephrine acting through 

multiple presynaptic and postsynaptic receptors (Arnsten, 2009, Robbins and Arnstern 2009). 

Dopamine regulates signal-to-noise ratio in the PFC, enhancing goal-directed behavior, while 

norepinephrine strengthens network connectivity by increasing the salience of relevant signals. 

(Berridge and Waterhouse, 2003) Both neurotransmitters work synergistically to optimize 

prefrontal cortical function, and disruptions in their availability or receptor activity may lead to 

impaired attention regulation and behavioral inhibition. (Del Campo et al., 2011) Executive 

function deficits are now considered a hallmark of ADHD, and include problems with inhibition, 

working memory, cognitive flexibility, and planning. (Barkley, 1997) These cognitive domains 

are mediated by the very fronto-striatal and fronto-cerebellar circuits disrupted in ADHD, 

supporting the idea that neurochemical abnormalities in catecholaminergic transmission are 

closely tied to both structural brain differences and observable behavioral symptoms. (Arnsten 

and Pliszka, 2011) Taken together, this evidence highlights ADHD as a neurodevelopmental 

disorder rooted in the dysfunctional integration of brain systems that are tightly regulated by 

dopamine and norepinephrine. 

Mechanisms discussed earlier are the basis of most medications for ADHD, which are thought 

to act primarily on catecholamine pathways. At the synaptic level, they act as catecholamine 

agonists by increasing the availability of dopamine or norepinephrine, often by inhibiting their 

reuptake. Each drug works slightly differently. Psychostimulants like methylphenidate (MPH) 

and amphetamines (AMP) block dopamine and norepinephrine transporters, enhancing 

neurotransmission mainly in the striatum and prefrontal cortex. Atomoxetine (ATX) selectively 

blocks the norepinephrine transporter (NET1), boosting norepinephrine levels throughout the 

brain and dopamine specifically in the prefrontal cortex, where dopamine transporters are 

scarce. Alpha-2 agonists such as clonidine (CLO) and guanfacine (GFC) activate alpha-2 

adrenergic receptors in the brain, increasing norepinephrine activity in the prefrontal cortex, 

partly through indirect stimulation from the locus coeruleus. Bupropion is metabolized into 

compounds that strongly increase norepinephrine activity by blocking its transporter. Tricyclic 

antidepressants (TCAs) primarily block serotonin and norepinephrine reuptake, enhancing their 

signaling, but have minimal impact on dopamine. Modafinil causes a unique change in the 

dopamine transporter that differs from standard stimulants. Despite these different mechanisms, 

all these drugs tend to raise dopamine and/or norepinephrine levels, which affects broader brain 

circuits—mainly GABAergic and glutamatergic—linked to cognitive functions like executive 

control, reward processing, memory, and timing. (Caye et al., 2019) All of this information will 

be considered in exploring which pharmacological mechanisms might be imitated by physical 

activity and how this can be used in advantage for patients with ADHD.  

 

 

How exercise affects brain chemistry? 

 

To determine how sport can impact young patients with ADHD it is crucial to understand how 

sport affects our brain chemistry in general. Physical activity has been associated with a plethora 

of functional, cellular, and molecular alterations within the brain. It is widely known that 

exercise improves mood and cognition, accelerating hippocampal neurogenesis in humans and 

in animal models. Although the exact mechanisms are still not fully discovered, we will look at 

several studies, both on animals and humans, that link physical activity with brain functions on 

a molecular level. 
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Moderate to high-intensity physical exercise elicits neurophysiological responses that promote 

neurotransmitter synthesis, elevate levels of brain-derived neurotrophic factor (BDNF), and 

enhance cerebral blood flow. These mechanisms contribute to improved neuroplasticity and 

cognitive processing. Consequently, such exercise may alleviate core symptoms and 

comorbidities of attention-deficit/hyperactivity disorder (ADHD) and support neural 

development and regulation in affected children. (Chan et al., 2023) 

Studies have demonstrated that exercise enhances both movement and cognitive function in 

humans and rodents. In Guendalina Bastioli study, scientists found that 30 days of voluntary 

exercise increases DA release across the striatum and raises levels of BDNF in the dorsal (motor) 

part of the striatum. Additionally, stimulating BDNF receptors with a drug also led to increased 

DA release. These findings suggest that BDNF plays a crucial role in mediating the exercise-

induced increase in DA release, offering a potential explanation for how exercise benefits 

people with dopamine-related neurological and psychiatric conditions. (Bastioli et al., 2022) 

Another study demonstrated similar results in patients with Parkinsons Disease. They 

concluded that aerobic exercise changes how the ventral striatum responds, likely due to 

modifications in the mesolimbic DA pathway, and it also boosts DA release in the caudate 

nucleus. These effects suggest that exercise’s therapeutic benefits may be partly due to 

increased DA release and improved adaptability (plasticity) in the corticostriatal brain circuits. 

(Sacheli et al., 2019) Furthermore, in peripheral inflammation-induced PD animal model, four 

weeks of treadmill exercise before inflammation has been shown to prevent the inflammation-

induced dopaminergic neuron loss. (Wu et al., 2011) 

Another noteworthy study on rats found that just one session of physical exercise can enhance 

memory retention through activation of D1 dopamine receptors and the protein kinase A (PKA) 

signaling pathway in the hippocampus. The same research group had previously shown that a 

single exercise session could improve recognition memory via D1/D5 receptor activation. In 

this new study, they set out to determine whether both receptors are required for this effect or 

just one. Their findings support the idea that D1-like dopamine receptors, acting through the 

PKA pathway, play a key role in the memory-enhancing effects of acute exercise. This shows 

that not only regular aerobic activity might affect the dopamine system, but just one session 

also may have a positive effect on individuals. (Ramires et al., 2021) Tantillo et al. also 

investigated the effects of a single session of exercise on children with ADHD. By assessing 

spontaneous eye blink rates, acoustic startle reflexes, and motor inhibition, they provided 

indirect evidence that a single exercise session performed at 65%–75% of peak oxygen 

consumption (VO₂ peak) may lead to increased dopamine levels in the brain. (Tantillo et al., 

2002) 

Regular physical activity appears to have even more impact on brain chemistry, especially in 

the long term.  

A 2016 meta-analysis of 29 studies found that regular exercise training significantly increases 

resting BDNF levels in the blood. Overall, chronic aerobic exercise led to higher baseline 

BDNF (moderate effect size), whereas resistance training showed no significant change. 

(Dinoff et al., 2016) This suggests that sustained aerobic activity elevates this neurotrophin, 

which is thought to support brain plasticity and neuron health. Numerous rodent studies report 

upregulation of BDNF in the brain after long-term voluntary exercise. For example, voluntary 

wheel running for days to weeks consistently increased BDNF protein in hippocampal regions 

(dentate gyrus, CA1-CA4) and parts of the cortex. (Vecchio et al., 2018) These biochemical 

changes in BDNF signaling cascades are robust across different protocols, indicating exercise 

reliably boosts neurotrophic support in the brain. Converging evidence also shows that regular 

physical activity enhances dopaminergic function. A 2021 systematic review of 15 studies 

concluded there are “robust effects” of long-term exercise on the dopamine system across 

young and older adults. (Marques et al., 2021) Animal and human studies have found chronic 

https://pubmed.ncbi.nlm.nih.gov/?term=Bastioli+G&cauthor_id=35577554
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aerobic exercise can increase dopamine synthesis, upregulate dopamine receptors, and enhance 

dopamine neurotransmission in various brain regions. (Robertson et al., 2016) These 

neurochemical adaptations were observed under diverse conditions, suggesting a general pro-

dopamine effect of sustained exercise. PET imaging also confirms the impact of PA on the 

dopamine system. A controlled trial in 2016 using PET scans demonstrated that 8 weeks of 

structured aerobic training can reverse dopamine deficits in the human striatum. In 

methamphetamine-dependent adults (who typically have low dopamine D2/D3 receptor 

availability), those who underwent exercise showed a significant increase in striatal D2/D3 

receptor binding compared to non-exercising controls. (Pietrelli et al., 2018) This finding 

indicates that regular exercise can restore dopamine receptor levels in the brain’s reward/motor 

circuitry even in adults with impaired dopaminergic function. 

Long-term exercise also induces changes in the serotonin (5-HT) system. In an animal study of 

lifelong moderate exercise, trained rats showed elevated serotonin levels in the brain (including 

the raphe nuclei) along with an increase in serotonin transporter (SERT) and 5-HT₁ₐ receptor 

expression in the hippocampus and cortex. (Saskia et al., 2015) In other rodent experiments, 

sustained exercise has been shown to increase serotonin synthesis and metabolism in regions 

like the cortex and brainstem. (Erickson et al., 2011) These adaptations suggest that regular 

physical activity boosts monoamine neurotransmitters (like 5-HT and dopamine), which could 

underpin its mood-elevating and stress-buffering effects. 

 

Biochemical Changes Linked to Cognitive or Behavioral Outcomes 

 

Exercise seems to not only affect our brain chemistry, but also structure of the brain. It also 

causes changes in cognition and behaviour. An example of this can be the randomized 

controlled trial, which studied 120 older adults who exercised aerobically for one year. The 

exercise group showed a ~2% increase in hippocampal volume, effectively reversing 1–2 years 

of age-related loss, whereas a sedentary control group had a ~1.4% volume decline. Notably, 

the gains in hippocampal size correlated with improvements in spatial memory performance. 

(Donnelly et al., 2016) This landmark study indicates that long-term exercise can induce 

neurochemical and structural changes (e.g. BDNF-driven neurogenesis) that translate into 

tangible cognitive benefits in humans. 

There are a few systematic reviews that deal with this topic. Donnelly’s study tried to answer 

two questions: “Among children age 5-13 yr, do PA and physical fitness influence cognition, 

learning, brain structure, and brain function?” and “Among children age 5-13 yr, do PA, 

physical education (PE), and sports programs influence standardized achievement test 

performance and concentration/attention?”. They analysed 137 studies and concluded that most 

studies support the hypothesis that physical fitness, individual sessions of physical activity (PA), 

and structured PA interventions positively influence children's cognitive functioning. However, 

they found limited evidence regarding the impact of PA on learning outcomes, with only a single 

cross-sectional study meeting the inclusion criteria. Existing research suggests that PA is 

associated with brain regions involved in higher-order cognitive functions during controlled 

tasks. While cross-sectional and longitudinal studies have generally shown positive associations 

between PA and academic achievement, findings from controlled experimental studies remain 

inconsistent, highlighting the need for further rigorous research. (Robbins and Arnsten, 2009) 

Another systematic review found out that lack of physical activity in childhood can cause 

limited perception and developmental disorders and that children who devote at least an hour 

each day to intensive physical activity show much better cognitive functioning and concluded 

that it is important to encourage children do engage in sports, especially in the late childhood, 
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because it positively influences cognitive and emotional functions. (Bidzan-Bluma and 

Lipowska, 2018) 

Another core symptom of ADHD is attention deficits. Emerging evidence suggests that physical 

activity (PA) may play a beneficial role in mitigating attentional impairments associated with 

the disorder. Vanhelst’s meta-analysis after adjusting for confounding factors such as age, sex, 

BMI, parental education, fat mass, aerobic fitness, and study center, adolescents who engaged 

in more moderate or moderate-to-vigorous physical activity (MVPA) showed significantly 

better performance on attention tasks. Analysis identified threshold values linked to better 

attention: at least 41 minutes per day of moderate activity, 12 minutes of vigorous activity, or 

58 minutes of MVPA. These results indicate that regular engagement in MVPA may positively 

influence attention capacity—a key aspect of cognitive function—in adolescents. (Vanhelst et 

al., 2016) 

Similar conclusions were drawn from a 2018 meta analysis which found that a single session 

of physical activity had a moderate positive effect on attention (g = 0.43), while long-term 

physical activity programs led to small but significant improvements in executive functions (g 

= 0.24), attention (g = 0.90 in one study), and academic performance (g = 0.26). This suggests 

that physical activity has beneficial effects on executive function, attention, and academic 

achievement in preadolescent children. The strongest outcomes are associated with consistent, 

sustained physical activity interventions implemented over several weeks. (de Greef et al., 2018)  

 

 

There are also a lot of studies that analyse the impact of PA on cognition in older adults, 

especially those with Alzheimer’s disease (AD). The 2019 meta-analysis of 13 randomized 

controlled trials with 673 participants diagnosed with AD also found that physical activity 

significantly improves cognitive function, as measured by MMSE scores. While different 

amounts of exercise produced varying effects, higher frequency did not necessarily lead to 

greater benefits. The study highlights the potential of exercise as a cognitive intervention for 

AD, but emphasizes the need for more rigorously designed trials to confirm these findings and 

determine optimal exercise parameters. (Jia et al., 2019) 

After we examined mechanisms underlying the positive effects of physical activity we will now 

investigate how different types of sports can impact the young people with ADHD.  

 

Exergaming 

The study published in the Scandinavian Journal of Medicine & Science in Sports (Benzing and 

Schmidt, 2019) aimed to assess the impact of exergaming on executive functions, ADHD 

symptoms, and motor skills in children with ADHD. Exergaming involves digital games that 

require physical movement, creating an interactive gaming experience that also serves as a form 

of physical activity. (Benzing and Schmidt, 2018) By blending physical activity with cognitive 

exercises in a gamified format, exergaming enhances motivation, variety, and adaptability. 

(Primack et al., 2012) In a randomized clinical trial, 51 children aged 8–12 years were divided 

into an intervention group, which participated in an 8-week exergaming program (three 30-

minute sessions per week), and a control group on a waitlist. 

The results  showed that children in the exergaming group demonstrated improvements in 

reaction time for inhibition and switching tasks, overall psychopathology, and motor skills 

compared to the control group. However, no improvements were found in updating abilities or 

core ADHD symptoms, indicating that while exergaming supports some aspects of executive 

function, its impact on ADHD symptoms remains limited. Additionally, the study noted a high 

dropout rate in the exergaming group, suggesting that while the intervention has potential 
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benefits, engagement may be a challenge. These findings suggest that exergaming may have a 

positive effect on executive functions and motor abilities in children with ADHD, potentially 

contributing to the reduction of psychopathological symptoms. However, to maximize its 

benefits and establish exergaming as a valuable complement to ADHD treatment, tailored game 

designs should be developed. (Benzing and Schmidt, 2019) 

 

Aquatic exercise 

The study conducted by Soukaina Hattabi et al. (Hattabi et al. 2022), published in the 

International Journal of Environmental Research and Public Health investigated the effects of 

a structured swimming program on the cognitive functions, behavior, and academic 

performance of Tunisian children with ADHD. The findings indicate that after 12 weeks, 

children in the experimental group demonstrated significant improvements in inhibitory control, 

selective attention, and self-regulation, as well as better academic performance. They completed 

cognitive tasks faster and made fewer errors, reflecting enhanced executive functions. 

Additionally, improvements in emotional control and classroom behavior were observed, 

suggesting that structured physical activity can positively impact both cognitive and socio-

emotional aspects. 

These results support the idea that swimming could serve as an effective non-pharmacological 

intervention for ADHD, complementing traditional treatments. Engaging and structured 

exercise programs may help improve self-regulation and academic success in children with 

ADHD. (Hattabi et al. 2022) 

Another study published in Archives of Clinical Neuropsychology in 2014 (Chang et al., 2014) 

examined whether a water-based exercise intervention, combining aerobic and coordination 

exercises, could improve response inhibition in children with ADHD. The study involved 30 

children aged 5 to 10 years who had been diagnosed with ADHD. Participants were randomly 

assigned to either an aquatic exercise group or a waitlist control group. The intervention lasted 

for eight weeks, with participants in the exercise group attending two 90-minute sessions per 

week. To assess the effects, all children underwent pre- and post-intervention evaluations using 

the Go/No-Go task and motor coordination tests. The results showed that children in the aquatic 

exercise group demonstrated significant improvements in accuracy when responding to No-Go 

stimuli, indicating enhanced inhibitory control. Additionally, improvements in motor 

coordination were observed in the intervention group. However, no significant differences were 

found between groups in reaction time or accuracy for Go stimuli. These findings suggest that 

a structured water-based exercise program incorporating aerobic and coordination activities 

may enhance behavioral inhibition in children with ADHD. This indicates that such 

interventions could be effective in supporting executive functions in this population. (Chang et 

al., 2014) 

The case report by Skalidou et al. (Skalidou et al. 2023) presents the effects of a swimming 

exercise program on ADHD symptoms in an adult diagnosed in childhood. The eight-week 

training intervention in a 31-year-old woman showed that participating in the swimming 

program significantly reduced inattention and hyperactivity symptoms, as assessed by the 

psychometric measures used in the study. (Skalidou et al. 2023) 

In another study (Silva et al., 2020), researchers examined the effects of a swimming-learning 

program on mental health, cognition, and motor coordination in children with ADHD. The 

results indicated that the aquatic exercise program led to significant improvements in depression, 

stress levels, cognitive flexibility, and selective attention. Regarding motor coordination and 

physical fitness, there were notable improvements in lower limb laterality coordination, 

flexibility, and abdominal endurance. Overall, these findings suggest that a swimming-learning 
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program can significantly enhance mental health, cognitive function, and motor coordination 

in children with ADHD. (Silva et al., 2020) 

 

Aerobic exercise 

The study, "Measurement of the Effect of Physical Exercise on the Concentration of Individuals 

with ADHD" by Silva et al. (Silva et al, 2015) examines how short, intense physical exercise 

affects concentration in children with ADHD. The researchers recruited 28 children, both with 

and without ADHD, and had them complete a computerized attention task. Before the task, half 

of the children engaged in five minutes of intense running, while the others remained at rest. 

The goal was to determine whether brief physical activity could have an immediate positive 

impact on focus and cognitive performance. The results showed a significant improvement in 

attention among children with ADHD who participated in the exercise. Their performance on 

the task improved by 30.52% compared to those who did not exercise, and they performed 

almost as well as children without ADHD. This suggests that even a short burst of physical 

activity can temporarily enhance cognitive function in children with ADHD, making it a 

potential strategy for improving academic performance and daily focus. (Silva et al, 2015) 

Another study by Hoza et al. (Hoza et al., 2015) compared the effects of before-school physical 

activity (PA) versus sedentary classroom-based (SC) interventions on children at risk for ADHD 

and typically developing children. The PA intervention involved sustained physical activity at 

an intensity that made children breathe harder, aligning with the moderate-to-vigorous energy 

expenditure range commonly used in physical activity research. (Marshall et al., 2008) The PA 

group showed greater improvements in reducing inattention and moodiness, particularly at 

home. The findings also suggest the potential benefit of SC interventions for managing ADHD 

symptoms. (Hoza et al., 2015) 

The study by Ahmed & Mohamed (Ahmed and  Mohamed 2011) examined the impact of 

aerobic exercise on ADHD symptoms in 84 students aged 11 to 16. The participants were 

divided into two groups, with the exercise group engaging in a 10-week program that included 

upper and lower limb, trunk, neck exercises, and running. Significant improvements were 

observed in attention, motor skills, and classroom behavior in the exercise group, while no 

improvements were found in the control group. The study concluded that regular aerobic 

exercise can help alleviate ADHD symptoms. (Ahmed and  Mohamed 2011) 

The study by Choi et al. (Choi et al., 2015) explored the combined effects of methylphenidate 

and aerobic exercise on adolescents with ADHD. After six weeks, the exercise group showed 

improvements in ADHD symptoms, cognitive function, and brain activity, particularly in the 

right frontal lobe. The exercise group had reduced perseverative errors and better brain 

responses during cognitive tasks compared to the education group. These results suggest that 

aerobic exercise enhances the effects of methylphenidate in managing ADHD symptoms and 

improving brain function. (Choi et al., 2015) 

The study “Correlates of physical activity with intrusive thoughts, worry and impulsivity in 

adults with attention deficit/hyperactivity disorder: a cross-sectional pilot study”  (Abramovitch 

et al., 2013) focused on adults with ADHD, examining the relationship between physical 

activity and symptoms like impulsivity, intrusive thoughts, and worry. The results showed that 

adults engaging in frequent aerobic exercise experienced significantly fewer impulsivity 

symptoms and less intrusive and worrisome thoughts compared to those with low physical 

activity. These findings suggest a potential link between exercise and reduced ADHD symptoms 

in adults, warranting further investigation into the causal relationship. (Abramovitch et al., 2013) 

It remains unclear whether a single session of exercise can impact ADHD symptoms in adults. 

Researchers in “Acute Exercise Improves Mood and Motivation in Young Men with ADHD 
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Symptoms” (Fritz et al., 2016) study examined the effects of a 20-minute cycling session on 

attention, hyperactivity, mood, and motivation in young men with elevated ADHD symptoms. 

The results showed that exercise significantly improved mood by increasing energy and 

reducing fatigue, depression, and confusion. It also enhanced motivation for cognitive tasks. 

However, there were no observed effects on attention or hyperactivity. These findings suggest 

that while acute exercise may not directly address core ADHD symptoms, it can provide short-

term emotional and motivational benefits. (Fritz et al., 2016) 

 

 

Mind-body exercises 

Tai chi 

Most scientific studies conducted so far have concentrated on physical outcomes of Tai Chi like 

gait, posture, and cardiovascular health, primarily in middle-aged and older adults. (Yang et al., 

2015), decrease anger and confusion, enhance positive emotions, and improve mood. (Brown 

et al., 1995, Jin 1992) Although few studies have examined the effects of Tai Chi in youth 

populations, these practices are known to provide physical health benefits in both general and 

disease-specific groups. (Riskowski and  Almeheyawi 2019) A small number of preliminary 

studies have started to explore the effects of Tai Chi in younger adults, suggesting that it may 

lead to improvements in physical and mental health, mindfulness, mood, perceived stress, and 

sleep quality. (Webster et al., 2015, Wang et al., 2004, Zheng et al., 2015, Caldwell et al., 2016, 

Caldwell et al.,2011) However, further research is needed to better understand their impact on 

psychological well-being, behavior, and adolescent development. (Riskowski and  Almeheyawi 

2019) The study conducted by Hernandez-Reif et al. (Hernandez-Reif et al., 2001) explored the 

impact of Tai Chi on anxiety, mood, hyperactivity, and behavior in children with ADHD. 

Thirteen adolescents diagnosed with ADHD took part in Tai Chi classes twice a week for a 

period of 5 weeks. Teachers evaluated the children's behavior using the Conners Scale at the 

start, after the 5-week Tai Chi sessions, and once more 2 weeks later. After the intervention, the 

adolescents exhibited lower levels of anxiety, improved behavior, reduced daydreaming, fewer 

inappropriate emotions, and the greatest improvement in hyperactivity. These positive changes 

were maintained during the 2-week follow-up, even without any additional Tai Chi sessions. 

(Hernandez-Reif et al., 2001) In a biomarker development study, 34 children participated in an 

8-week Tai Chi-based mindful movement program and showed improvements in ADHD 

symptoms of inattention, hyperactivity/impulsivity, oppositionality and executive dysfunction 

following treatment, which were linked to better motor performance. (Clark et al., 2020) 

 

Yoga 

Yoga practice includes various poses, deep breathing, focus, and both mental and physical 

relaxation, all of which help regulate emotional states. (Zipkin 1985) Additionally, it supports 

self-control, enhances attention and concentration, boosts self-confidence, increases body 

awareness, and reduces stress. (Peck et al., 2005) The systematic review by Gonzalez et al. 

(Gonzalez et al., 2023) evaluated the effectiveness of yoga and meditation as potential 

alternatives or supplements to medical treatment for children with ADHD. Researchers 

analyzed 10 studies selected from an initial pool of 51,675 articles using PubMed and Google 

Scholar. The findings suggest that yoga can improve ADHD symptoms and serve as an 

additional therapy. Both interventions positively influenced family dynamics, with meditation 
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helping parents feel calmer and more mindful when caring for their children. Additionally, yoga 

and meditation had beneficial effects on mental health, reducing anxiety, stress, and insecurity. 

Meditation specifically improved executive function, inhibitory control, hyperactivity, 

impulsivity, attention, and emotional regulation. While these interventions show promise, the 

small sample sizes in the reviewed studies prevent a definitive conclusion about replacing 

medication. Instead, yoga and meditation should be considered as complementary treatments 

to enhance the quality of life for children with ADHD. Further research with larger participant 

groups and longer study durations is needed to fully assess their long-term benefits. (Gonzalez 

et al., 2023) 

 

Pilates 

Another study, by Kouhbanani et al. (Kouhbanani et al., 2023) aimed to evaluate the effect of 

Pilates training on attention switching and sustained attention in a sample of adults with ADHD. 

A total of 52 adults with ADHD, aged 20 to 50 years, were randomly assigned to either a 24-

week Pilates training group or a control group, with follow-up assessments conducted six 

months later. The Pilates group demonstrated significant improvements in sustained attention, 

as evidenced by reductions in omission errors, commission errors, and reaction time. 

Additionally, attention switching showed notable enhancement in the post-test, with fewer 

perseverative errors, non-perseverative errors, and total errors. These findings provide support 

for the beneficial effects of Pilates training in addressing attention difficulties in adults with 

ADHD. (Kouhbanani et al., 2023) 

 

Marital arts 

Taekwondo (TKD) is a traditional Korean martial art that has evolved over generations, 

incorporating physical, mental, emotional, social, and educational elements to support overall 

personal development. (Lim 2009, Ahn et al., 2009, Fong et al., 2012,  Lakes et al., 2013, Kim 

2015, Cho et al., 2017, Petrovic 2017, Cho et al., 2018) The study by Kadri et al.  (Kadri et al., 

2019) examined the effects of a 1.5-year Taekwondo (TKD) intervention on cognitive function 

in adolescents with ADHD. The results showed significant improvements in selective attention 

and inhibitory control, as measured by the Stroop and Ruff 2 and 7 tests (Frazier et al., 2004). 

TKD practice led to enhanced attentional control, reduced errors, and faster reaction times. The 

findings suggest that martial arts training can positively impact cognitive functions in 

adolescents with ADHD, supporting its inclusion in intervention programs. (Kadri et al., 2019)  

Another studies investigated the effects of judo in children. (Toh et al., 2018, Ludyga et al., 

2022) Judo is a sport that involves performing intricate movements and demands a high degree 

of strategic planning. Neuroimaging studies have shown that children who practice judo exhibit 

increased gray matter volume and enhanced white matter connectivity in various functional 

regions, such as the fronto-parietal network and the corpus callosum. (Jacini et al., 2009, Toh 

et al., 2018) These structures are associated with working memory capacity. (Darki and 

Klingberg, 2015, Bathelt et al., 2018) This study investigated the effects of judo training on 

working memory capacity in children with ADHD. A randomized controlled trial with 57 

children (aged 8-12) assigned participants to either a judo training group or a waitlist control 

group. The judo program consisted of 120 minutes per week for three months. Results showed 

that judo training improved visuospatial working memory capacity and increased contralateral 

delay activity, indicating enhanced attentional control. However, motor skill improvements 
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were not observed. The findings suggest that judo could be a beneficial complement to 

pharmacological treatments for ADHD. (Frazier et al., 2004) 

 

 

 

Discussion 

 

The collective evidence reviewed here strongly supports the inclusion of physical exercise as a 

valuable non-pharmacological intervention for managing ADHD. Across a diverse range of 

modalities—from aerobic and aquatic exercise to cognitively demanding practices like martial 

arts and yoga—structured physical activity consistently demonstrates the capacity to improve 

core symptoms of inattention and hyperactivity, as well as associated deficits in executive 

function and emotional regulation. 

The therapeutic benefits appear to be rooted in robust neurobiological mechanisms. Exercise-

induced modulation of the dopamine and norepinephrine systems mirrors the action of first-line 

pharmacological treatments. Concurrently, the upregulation of BDNF promotes neuroplasticity, 

potentially leading to lasting structural and functional changes in brain networks critical for 

attention and self-control. Cognitively demanding activities like martial arts or exergaming may 

offer a "dual benefit" by simultaneously engaging the body and training the executive functions 

that are impaired in ADHD. 

Despite these promising findings, several limitations in the current body of research must be 

acknowledged. Many studies are constrained by small sample sizes, short intervention durations, 

and a lack of long-term follow-up, making it difficult to draw definitive conclusions about the 

sustainability of the benefits. Furthermore, the heterogeneity of exercise protocols—varying in 

type, intensity, frequency, and duration—prevents the establishment of a standardized 

"prescription" for PA in ADHD treatment. Future research should prioritize large-scale, 

randomized controlled trials with standardized interventions and long-term follow-up to clarify 

the most effective approaches and to distinguish the unique contributions of different exercise 

modalities. 

 

Conclusion 

Physical activity represents a promising, accessible, and non-pharmacological intervention that 

can play a valuable role in the management of ADHD symptoms in children and adolescents. 

A growing body of research highlights the neurobiological mechanisms by which sports 

influence key brain regions implicated in ADHD, including the prefrontal cortex, caudate 

nucleus, and cerebellum. Regular exercise has been shown to enhance dopamine and 

norepinephrine transmission, neurotransmitters crucial for attention, emotional regulation, and 

executive functioning. Furthermore, physical activity stimulates the release of brain-derived 

neurotrophic factor (BDNF), supporting neuroplasticity and cognitive development. 

Empirical studies demonstrate that both acute and chronic physical activity—ranging from 

aerobic training to structured sports and even martial arts—can lead to measurable 

improvements in attention span, impulse control, emotional self-regulation, and social behavior 

in youth with ADHD. While physical activity should not be viewed as a stand-alone treatment, 

it can serve as a highly effective adjunct to traditional therapies, particularly when implemented 

in structured environments such as schools, families, or clinical programs. 
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As our understanding of the interaction between physical activity and brain function deepens, 

it becomes increasingly evident that sports not only promote physical health but also support 

cognitive and emotional well-being. Future research should continue to explore optimal 

exercise types, intensities, and frequencies for ADHD populations. Nonetheless, current 

findings support the integration of regular, developmentally appropriate physical activity as part 

of a holistic approach to ADHD treatment in young individuals. 

 

Disclosure 

Author's contribution 

Conceptualization: Klaudia Mościszko, Joanna Kałuska 

Methodology: Dominika Hakało, Marta Ignatiuk-Chilkiewicz, Martyna Niemczuk 

Formal analysis: Dominika Hakało, Aleksandra Sokół, Klaudia Mościszko 

Investigation: Joanna Kałuska, Wiktor Klimek, Maria Majewska 

Writing-rough preparation: Katarzyna Nowicka, Klaudia Mościszko 

Writing-review and editing: Joanna Kałuska, Klaudia Mościszko, Maria Majewska, Katarzyna 

Nowicka 

Supervision: Joanna Kałuska, Tomasz Suprun 

Receiving funding - no specific funding. 

All authors have read and agreed with the published version of the manuscript. 

Funding 

This research received no external funding. 

Institutional Review Board Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Not applicable. 

Acknowledgement 

Not applicable. 

Conflict of interest 

The authors deny any conflict of interest. 

 



15 

References 

Abramovitch, A., Goldzweig, G., & Schweiger, A. (2013). Correlates of physical activity with 

intrusive thoughts, worry and impulsivity in adults with attention deficit/hyperactivity disorder: 

A cross-sectional pilot study. Israel Journal of Psychiatry and Related Sciences, 50(1), 47–54. 

Ahmed, G. M., & Mohamed, S. (2011). Effect of regular aerobic exercises on behavioral, 

cognitive and psychological response in patients with attention deficit-hyperactivity disorder. 

Life Science Journal, 8, 366–371. 

Ahn, J. D., Hong, S. ho, & Park, Y. K. (2009). The Historical and Cultural Identity of 

Taekwondo as a Traditional Korean Martial Art. The International Journal of the History of 

Sport, 26(11), 1716–1734. https://doi.org/10.1080/09523360903132956 

Arnsten, A. F. T. (2009). Toward a new understanding of attention-deficit hyperactivity disorder 

pathophysiology: An important role for prefrontal cortex dysfunction. CNS Drugs, 23(Suppl 1), 

33–41. https://doi.org/10.2165/00023210-200923000-00005 

Arnsten, A. F. T., & Pliszka, S. R. (2011). Catecholamine influences on prefrontal cortical 

function: Relevance to treatment of ADHD and related disorders. Pharmacology Biochemistry 

and Behavior, 99(2), 211–216. https://doi.org/10.1016/j.pbb.2011.01.020 

Ashdown-Franks, G., Firth, J., Carney, R., Carvalho, A. F., Hallgren, M., Koyanagi, A., et al. 

(2020). Exercise as medicine for mental and substance use disorders: A meta-review of the 

benefits for neuropsychiatric and cognitive outcomes. Sports Medicine, 50(1), 151–170. 

https://doi.org/10.1007/s40279-019-01187-6 

Barkley, R. A. (1997). Behavioral inhibition, sustained attention, and executive functions: 

Constructing a unifying theory of ADHD. Psychological Bulletin, 121(1), 65–94. 

https://doi.org/10.1037/0033-2909.121.1.65 

Bastioli, G., Arnold, J. C., Mancini, M., Mar, A. C., Gamallo-Lana, B., Saadipour, K., Chao, M. 

V., & Rice, M. E. (2022). Voluntary exercise boosts striatal dopamine release: Evidence for the 

necessary and sufficient role of BDNF. Journal of Neuroscience, 42(23), 4725–4736. 

https://doi.org/10.1523/JNEUROSCI.2273-21.2022 

Bathelt, J., Gathercole, S. E., Johnson, A., & Astle, D. E. (2018). Differences in brain 

morphology and working memory capacity across childhood. Developmental Science, 21(3), 

e12579. https://doi.org/10.1111/desc.12579 

Benzing, V., & Schmidt, M. (2018). Exergaming for children and adolescents: Strengths, 

weaknesses, opportunities and threats. Journal of Clinical Medicine, 7(11), 422. 

https://doi.org/10.3390/jcm7110422 

Benzing, V., & Schmidt, M. (2019). The effect of exergaming on executive functions in children 

with ADHD: A randomized clinical trial. Scandinavian Journal of Medicine & Science in Sports, 

29(8), 1243–1253. https://doi.org/10.1111/sms.13446 

Berridge, C. W., & Waterhouse, B. D. (2003). The locus coeruleus–noradrenergic system: 

Modulation of behavioral state and state-dependent cognitive processes. Brain Research 

Reviews, 42(1), 33–84. https://doi.org/10.1016/S0165-0173(03)00143-7 

https://doi.org/10.1080/09523360903132956
https://doi.org/10.1080/09523360903132956
https://doi.org/10.2165/00023210-200923000-00005
https://doi.org/10.2165/00023210-200923000-00005
https://doi.org/10.1016/j.pbb.2011.01.020
https://doi.org/10.1016/j.pbb.2011.01.020
https://doi.org/10.1007/s40279-019-01187-6
https://doi.org/10.1007/s40279-019-01187-6
https://doi.org/10.1007/s40279-019-01187-6
https://doi.org/10.1037/0033-2909.121.1.65
https://doi.org/10.1037/0033-2909.121.1.65
https://doi.org/10.1037/0033-2909.121.1.65
https://doi.org/10.1523/JNEUROSCI.2273-21.2022
https://doi.org/10.1523/JNEUROSCI.2273-21.2022
https://doi.org/10.1523/JNEUROSCI.2273-21.2022
https://doi.org/10.1111/desc.12579
https://doi.org/10.1111/desc.12579
https://doi.org/10.3390/jcm7110422
https://doi.org/10.3390/jcm7110422
https://doi.org/10.3390/jcm7110422
https://doi.org/10.1111/sms.13446
https://doi.org/10.1111/sms.13446
https://doi.org/10.1016/S0165-0173(03)00143-7
https://doi.org/10.1016/S0165-0173(03)00143-7


16 

Bidzan-Bluma, I., & Lipowska, M. (2018). Physical activity and cognitive functioning of 

children: A systematic review. International Journal of Environmental Research and Public 

Health, 15(4), 800. https://doi.org/10.3390/ijerph15040800 

Brown, D. R., Wang, Y., Ward, A., Ebbeling, C. B., Fortlage, L., Puleo, E., Benson, H., & Rippe, 

J. M. (1995). Chronic psychological effects of exercise and exercise plus cognitive strategies. 

Medicine & Science in Sports & Exercise, 27(5), 765–775. 

Caldwell, K., Emery, L., Harrison, M., & Greeson, J. (2011). Changes in mindfulness, well-

being, and sleep quality in college students through taijiquan courses: A cohort control study. 

Journal of Alternative and Complementary Medicine, 17(10), 931–938. 

https://doi.org/10.1089/acm.2010.0645 

Caldwell, K. L., Bergman, S. M., Collier, S. R., Triplett, N. T., Quin, R., Bergquist, J., & Pieper, 

C. F. (2016). Effects of tai chi chuan on anxiety and sleep quality in young adults: Lessons from 

a randomized controlled feasibility study. Nature and Science of Sleep, 8, 305–314. 

https://doi.org/10.2147/NSS.S117392 

Castellanos, F. X., & Proal, E. (2012). Large-scale brain systems in ADHD: Beyond the 

prefrontal-striatal model. Trends in Cognitive Sciences, 16(1), 17–26. 

https://doi.org/10.1016/j.tics.2011.11.007 

Caye, A., Swanson, J. M., Coghill, D., & Rohde, L. A. (2019). Treatment strategies for ADHD: 

An evidence-based guide to select optimal treatment. Molecular Psychiatry, 24(3), 390–408. 

https://doi.org/10.1038/s41380-018-0116-3 

Chan, Y.-S., Jang, J.-T., & Ho, C.-S. (2022). Effects of physical exercise on children with 

attention deficit hyperactivity disorder. Biomedical Journal, 45(2), 265–270. 

https://doi.org/10.1016/j.bj.2021.11.011 

Chang, Y. K., Hung, C. L., Huang, C. J., Hatfield, B. D., & Hung, T. M. (2014). Effects of an 

aquatic exercise program on inhibitory control in children with ADHD: A preliminary study. 

Archives of Clinical Neuropsychology, 29(3), 217–223. https://doi.org/10.1093/arclin/acu003 

Cho, I. R., Park, H. J., & Lee, T. K. (2018). The influence of taekwondo training on school-life 

adaptation and exercise value in the United States. Journal of Exercise Rehabilitation, 14, 213–

218. https://doi.org/10.12965/jer.1836006.003 

Cho, S. Y., So, W. Y., & Roh, H. T. (2017). The effects of Taekwondo training on peripheral 

neuroplasticity-related growth factors, cerebral blood flow velocity, and cognitive functions in 

healthy children: A randomized controlled trial. International Journal of Environmental 

Research and Public Health, 14, 454. https://doi.org/10.3390/ijerph14050454 

Choi, J. W., Han, D. H., Kang, K. D., Jung, H. Y., & Renshaw, P. F. (2015). Aerobic exercise 

and attention deficit hyperactivity disorder: Brain research. Medicine & Science in Sports & 

Exercise, 47(1), 33–39. https://doi.org/10.1249/MSS.0000000000000373 

Choudhry Z, Sengupta SM, Grizenko N, Harvey WJ, Fortier M-È, Schmitz N, et al. (2013). 

Body Weight and ADHD: Examining the Role of Self-Regulation. PLoS ONE, 8(1), e55351 

https://doi.org/10.1371/journal.pone.0055351 

https://doi.org/10.3390/ijerph15040800
https://doi.org/10.3390/ijerph15040800
https://doi.org/10.1089/acm.2010.0645
https://doi.org/10.1089/acm.2010.0645
https://doi.org/10.1089/acm.2010.0645
https://doi.org/10.2147/NSS.S117392
https://doi.org/10.2147/NSS.S117392
https://doi.org/10.2147/NSS.S117392
https://doi.org/10.1016/j.tics.2011.11.007
https://doi.org/10.1016/j.tics.2011.11.007
https://doi.org/10.1016/j.tics.2011.11.007
https://doi.org/10.1038/s41380-018-0116-3
https://doi.org/10.1038/s41380-018-0116-3
https://doi.org/10.1038/s41380-018-0116-3
https://doi.org/10.1016/j.bj.2021.11.011
https://doi.org/10.1016/j.bj.2021.11.011
https://doi.org/10.1016/j.bj.2021.11.011
https://doi.org/10.1093/arclin/acu003
https://doi.org/10.1093/arclin/acu003
https://doi.org/10.12965/jer.1836006.003
https://doi.org/10.12965/jer.1836006.003
https://doi.org/10.3390/ijerph14050454
https://doi.org/10.3390/ijerph14050454
https://doi.org/10.1249/MSS.0000000000000373
https://doi.org/10.1249/MSS.0000000000000373
https://doi.org/10.1371/journal.pone.0055351
https://doi.org/10.1371/journal.pone.0055351
https://doi.org/10.1371/journal.pone.0055351


17 

Clark, D., Seymour, K. E., Findling, R. L., & Mostofsky, S. H. (2020). Subtle motor signs as a 

biomarker for mindful movement intervention in children with attention-deficit/hyperactivity 

disorder. Journal of Developmental & Behavioral Pediatrics, 41(5), 349–358. 

https://doi.org/10.1097/DBP.0000000000000795 

Cortese, S., Kelly, C., Chabernaud, C., et al. (2012). Toward systems neuroscience of ADHD: 

A meta-analysis of 55 fMRI studies. American Journal of Psychiatry, 169(10), 1038–1055. 

https://doi.org/10.1176/appi.ajp.2012.11101521 

Cortese S., Coghill D. (2018) Twenty years of research on attention-deficit/hyperactivity 

disorder (adhd): Looking back, looking forward. Evid. Based Ment. Health, 21, 173–176. 

https://doi.org/10.1136/ebmental-2018-300050 

Darki, F., & Klingberg, T. (2015). The role of fronto-parietal and fronto-striatal networks in the 

development of working memory: A longitudinal study. Cerebral Cortex, 25(6), 1587–1595. 

https://doi.org/10.1093/cercor/bht352 

de Greeff, J. W., Bosker, R. J., Oosterlaan, J., Visscher, C., & Hartman, E. (2018). Effects of 

physical activity on executive functions, attention and academic performance in preadolescent 

children: A meta-analysis. Journal of Science and Medicine in Sport, 21(5), 501–507. 

https://doi.org/10.1016/j.jsams.2017.09.595 

Del Campo, N., Chamberlain, S. R., Sahakian, B. J., & Robbins, T. W. (2011). The roles of 

dopamine and noradrenaline in the pathophysiology and treatment of attention-

deficit/hyperactivity disorder. Biological Psychiatry, 69(12), e145–e157. 

https://doi.org/10.1016/j.biopsych.2011.02.036 

Dinoff, A., Herrmann, N., Swardfager, W., Liu, C. S., Sherman, C., Chan, S., & Lanctôt, K. L. 

(2016). The effect of exercise training on resting concentrations of peripheral brain-derived 

neurotrophic factor (BDNF): A meta-analysis. PLoS One, 11(9), e0163037. 

https://doi.org/10.1371/journal.pone.0163037 

Donnelly, J. E., Hillman, C. H., Castelli, D., Etnier, J. L., Lee, S., Tomporowski, P., Lambourne, 

K., & Szabo-Reed, A. N. (2016). Physical activity, fitness, cognitive function, and academic 

achievement in children: A systematic review. Medicine & Science in Sports & Exercise, 48(6), 

1197–1222. https://doi.org/10.1249/MSS.0000000000000901 

Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., Chaddock, L., Kim, J. S., 

Heo, S., Alves, H., White, S. M., Wojcicki, T. R., Mailey, E., Vieira, V. J., Martin, S. A., Pence, 

B. D., Woods, J. A., McAuley, E., & Kramer, A. F. (2011). Exercise training increases size of 

hippocampus and improves memory. Proceedings of the National Academy of Sciences, 108(7), 

3017–3022. https://doi.org/10.1073/pnas.1015950108 

Fong SS, Fu SN, Ng GY. (2012). Taekwondo training speeds up the development of balance 

and sensory functions in young adolescents. J Sci Med Sport. 15(1):64-8. 

https://doi.org/10.1016/j.jsams.2011.06.001. 

Frazier, T. W., Demaree, H. A., & Youngstrom, E. A. (2004). Meta-analysis of intellectual and 

neuropsychological test performance in attention-deficit/hyperactivity disorder. 

Neuropsychology, 18, 543–555. https://doi.org/10.1037/0894-4105.18.3.543 

https://doi.org/10.1097/DBP.0000000000000795
https://doi.org/10.1097/DBP.0000000000000795
https://doi.org/10.1097/DBP.0000000000000795
https://doi.org/10.1176/appi.ajp.2012.11101521
https://doi.org/10.1176/appi.ajp.2012.11101521
https://doi.org/10.1176/appi.ajp.2012.11101521
https://doi.org/10.1136/ebmental-2018-300050
https://doi.org/10.1136/ebmental-2018-300050
https://doi.org/10.1136/ebmental-2018-300050
https://doi.org/10.1093/cercor/bht352
https://doi.org/10.1093/cercor/bht352
https://doi.org/10.1093/cercor/bht352
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1016/j.biopsych.2011.02.036
https://doi.org/10.1016/j.biopsych.2011.02.036
https://doi.org/10.1016/j.biopsych.2011.02.036
https://doi.org/10.1371/journal.pone.0163037
https://doi.org/10.1371/journal.pone.0163037
https://doi.org/10.1371/journal.pone.0163037
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1016/j.jsams.2011.06.001
https://doi.org/10.1016/j.jsams.2011.06.001
https://doi.org/10.1016/j.jsams.2011.06.001
https://doi.org/10.1037/0894-4105.18.3.543
https://doi.org/10.1037/0894-4105.18.3.543


18 

Fritz, K. M., & O'Connor, P. J. (2016). Acute exercise improves mood and motivation in young 

men with ADHD symptoms. Medicine & Science in Sports & Exercise, 48(6), 1153–1160. 

https://doi.org/10.1249/MSS.0000000000000864 

Gonzalez, N. A., Sakhamuri, N., Athiyaman, S., Randhi, B., Gutlapalli, S. D., Pu, J., Zaidi, M. 

F., Patel, M., Atluri, L. M., & Arcia Franchini, A. P. (2023). A systematic review of yoga and 

meditation for attention-deficit/hyperactivity disorder in children. Cureus, 15(3), e36143. 

https://doi.org/10.7759/cureus.36143. 

Hattabi, S., Forte, P., Kukic, F., Bouden, A., Have, M., Chtourou, H., & Sortwell, A. (2022). A 

randomized trial of a swimming-based alternative treatment for children with attention deficit 

hyperactivity disorder. International Journal of Environmental Research and Public Health, 

19(23), 16238. https://doi.org/10.3390/ijerph192316238. 

Hernandez-Reif, M., Field, T. M., & Thimas, E. (2001). Attention deficit hyperactivity disorder: 

Benefits from Tai Chi. Journal of Bodywork and Movement Therapies, 5(2), 120–123. 

https://doi.org/10.1054/jbmt.2000.0219 

Hilger, K., Sassenhagen, J., Kühnhausen, J., Reuter, M., Schwarz, U., Gawrilow, C., & Fiebach, 

C. J. (2020). Neurophysiological markers of ADHD symptoms in typically-developing children. 

Scientific Reports, 10, 22460. https://doi.org/10.1038/s41598-020-80562-0 

Hoogman, M., Bralten, J., Hibar, D. P., et al. (2017). Subcortical brain volume differences in 

participants with attention deficit hyperactivity disorder in children and adults: A cross-

sectional mega-analysis. The Lancet Psychiatry, 4(4), 310–319. https://doi.org/10.1016/S2215-

0366(17)30049-4 

Hoza, B., Smith, A. L., Shoulberg, E. K., Linnea, K. S., Dorsch, T. E., Blazo, J. A., Alerding, C. 

M., & McCabe, G. P. (2015). A randomized trial examining the effects of aerobic physical 

activity on attention-deficit/hyperactivity disorder symptoms in young children. Journal of 

Abnormal Child Psychology, 43(4), 655–667. https://doi.org/10.1007/s10802-014-9929-y 

Jacini, W. F. S., Cannonieri, G. C., Fernandes, P. T., Bonilha, L., Cendes, F., & Li, L. M. (2009). 

Can exercise shape your brain? Cortical differences associated with judo practice. Journal of 

Science and Medicine in Sport, 12(6), 688–690. https://doi.org/10.1016/j.jsams.2008.11.004 

Jia, R. X., Liang, J. H., Xu, Y., & Wang, Y. Q. (2019). Effects of physical activity and exercise 

on the cognitive function of patients with Alzheimer disease: A meta-analysis. BMC Geriatrics, 

19(1), Article 181. https://doi.org/10.1186/s12877-019-1175-2. 

Jin, P. (1992). Efficacy of Tai Chi, brisk walking, meditation, and reading in reducing mental 

and emotional stress. Journal of Psychosomatic Research, 36(4), 361–370. 

https://doi.org/10.1016/0022-3999(92)90072-a 

Kadri, A., Slimani, M., Bragazzi, N. L., Tod, D., & Azaiez, F. (2019). Effect of Taekwondo 

practice on cognitive function in adolescents with attention deficit hyperactivity disorder. 

International Journal of Environmental Research and Public Health, 16(2), 204. 

https://doi.org/10.3390/ijerph16020204 

Kaiser, M. L., Schoemaker, M. M., Albaret, J. M., & Geuze, R. H. (2015). What is the evidence 

of impaired motor skills and motor control among children with attention deficit hyperactivity 

https://doi.org/10.1249/MSS.0000000000000864
https://doi.org/10.1249/MSS.0000000000000864
https://doi.org/10.1249/MSS.0000000000000864
https://doi.org/10.7759/cureus.36143
https://doi.org/10.7759/cureus.36143
https://doi.org/10.7759/cureus.36143
https://doi.org/10.3390/ijerph192316238
https://doi.org/10.3390/ijerph192316238
https://doi.org/10.1054/jbmt.2000.0219
https://doi.org/10.1054/jbmt.2000.0219
https://doi.org/10.1054/jbmt.2000.0219
https://doi.org/10.1038/s41598-020-80562-0
https://doi.org/10.1038/s41598-020-80562-0
https://doi.org/10.1016/S2215-0366(17)30049-4
https://doi.org/10.1016/S2215-0366(17)30049-4
https://doi.org/10.1016/S2215-0366(17)30049-4
https://doi.org/10.1007/s10802-014-9929-y
https://doi.org/10.1007/s10802-014-9929-y
https://doi.org/10.1016/j.jsams.2008.11.004
https://doi.org/10.1016/j.jsams.2008.11.004
https://doi.org/10.1186/s12877-019-1175-2
https://doi.org/10.1186/s12877-019-1175-2
https://doi.org/10.1016/0022-3999(92)90072-a
https://doi.org/10.1016/0022-3999(92)90072-a
https://doi.org/10.1016/0022-3999(92)90072-a
https://doi.org/10.3390/ijerph16020204
https://doi.org/10.3390/ijerph16020204
https://doi.org/10.3390/ijerph16020204


19 

disorder (ADHD)? Systematic review of the literature. Research in Developmental Disabilities, 

36, 338–357. https://doi.org/10.1016/j.ridd.2014.09.023 

Kim, Y. (2015). The effect of regular Taekwondo exercise on brain-derived neurotrophic factor 

and the Stroop test in an undergraduate student. Journal of Exercise Nutrition & Biochemistry, 

19, 73–79. https://doi.org/10.5717/jenb.2015.15060904 

Kouhbanani, S. S., Zarenezhad, S., & Arabi, S. M. (2023). Mind-body exercise affects attention 

switching and sustained attention in female adults with Attention Deficit/Hyperactivity 

Disorder: A randomized, controlled trial with 6-month follow-up. Current Psychology, 42, 

20983–20994. https://doi.org/10.1007/s12144-022-03216-6 

Lakes, K. D., Bryars, T., Sirisinahal, S., Salim, N., Arastoo, S., Emmerson, N., Kang, D., Shim, 

L., Wong, D., & Kang, C. J. (2013). The Healthy for Life Taekwondo Pilot Study: A preliminary 

evaluation of effects on executive function and BMI, feasibility, and acceptability. Mental 

Health and Physical Activity, 6(3), 181–188. https://doi.org/10.1016/j.mhpa.2013.07.002 

Lim T. (2009) Change of Youth Sociability According to Taekwondo Discipline. Korean J. 

Sport Sci, 20:387–399. https://doi.org/10.3390/ijerph182111427 

Lindvall, M. A., Holmqvist, K. L., Svedell, L. A., Philipson, A., Cao, Y., & Msghina, M. (2023). 

START – physical exercise and person-centred cognitive skills training as treatment for adult 

ADHD: Protocol for a randomized controlled trial. BMC Psychiatry, 23(1), 697. 

https://doi.org/10.1186/s12888-023-05181-1 

Ludyga, S., Mücke, M., Leuenberger, R., Bruggisser, F., Pühse, U., Gerber, M., Capone-Mori, 

A., Keutler, C., Brotzmann, M., & Weber, P. (2022). Behavioral and neurocognitive effects of 

judo training on working memory capacity in children with ADHD: A randomized controlled 

trial. NeuroImage: Clinical, 36, 103156. https://doi.org/10.1016/j.nicl.2022.103156 

Marques, A., Marconcin, P., Werneck, A. O., Ferrari, G., Gouveia, É. R., Kliegel, M., Peralta, 

M., & Ihle, A. (2021). Bidirectional association between physical activity and dopamine across 

adulthood—A systematic review. Brain Sciences, 11(7), 829. 

https://doi.org/10.3390/brainsci11070829 

Marshall, S. J., & Welk, G. J. (2008). Definitions and measurement. In A. L. Smith & S. J. H. 

Biddle (Eds.), Youth physical activity and sedentary behavior: Challenges and solutions (pp. 3–

29). Human Kinetics. https://doi.org/10.5040/9781492595601.ch-001 

Mukherjee, P., Hartanto, T., Iosif, A. M., Dixon, J. F., Hinshaw, S. P., Pakyurek, M., van den 

Bos, W., Guyer, A. E., McClure, S. M., Schweitzer, J. B., & Fassbender, C. (2021). Neural basis 

of working memory in ADHD: Load versus complexity. NeuroImage: Clinical, 30, 102662. 

https://doi.org/10.1016/j.nicl.2021.102662 

O'Connor, L., Carbone, S., Gobbo, A., Gamble, H., & Faraone, S. V. (2023). Pediatric attention 

deficit hyperactivity disorder (ADHD): 2022 updates on pharmacological management. Expert 

Review of Clinical Pharmacology, 16(9), 799–812. 

https://doi.org/10.1080/17512433.2023.2249414 

https://doi.org/10.1016/j.ridd.2014.09.023
https://doi.org/10.1016/j.ridd.2014.09.023
https://doi.org/10.5717/jenb.2015.15060904
https://doi.org/10.5717/jenb.2015.15060904
https://doi.org/10.1007/s12144-022-03216-6
https://doi.org/10.1007/s12144-022-03216-6
https://doi.org/10.1016/j.mhpa.2013.07.002
https://doi.org/10.1016/j.mhpa.2013.07.002
https://doi.org/10.3390/ijerph182111427
https://doi.org/10.3390/ijerph182111427
https://doi.org/10.1186/s12888-023-05181-1
https://doi.org/10.1186/s12888-023-05181-1
https://doi.org/10.1186/s12888-023-05181-1
https://doi.org/10.1016/j.nicl.2022.103156
https://doi.org/10.1016/j.nicl.2022.103156
https://doi.org/10.3390/brainsci11070829
https://doi.org/10.3390/brainsci11070829
https://doi.org/10.3390/brainsci11070829
https://doi.org/10.5040/9781492595601.ch-001
https://doi.org/10.5040/9781492595601.ch-001
https://doi.org/10.1016/j.nicl.2021.102662
https://doi.org/10.1016/j.nicl.2021.102662
https://doi.org/10.1016/j.nicl.2021.102662
https://doi.org/10.1080/17512433.2023.2249414
https://doi.org/10.1080/17512433.2023.2249414
https://doi.org/10.1080/17512433.2023.2249414


20 

Peck, H. L., Kehle, T. J., Bray, M. A., & Theodore, L. A. (2005). Yoga as an intervention for 

children with attention problems. School Psychology Review, 34(3), 415–424. 

https://doi.org/10.1080/02796015.2005.12086295 

Petrovic, K. (2017). The benefits of taekwondo training for undergraduate students: A 

phenomenological study. Societies, 7, 27. https://doi.org/10.3390/soc7030027 

Pietrelli, A., Matković, L., Vacotto, M., Lopez-Costa, J. J., Basso, N., & Brusco, A. (2018). 

Aerobic exercise upregulates the BDNF-serotonin systems and improves the cognitive function 

in rats. Neurobiology of Learning and Memory, 155, 528–542. 

https://doi.org/10.1016/j.nlm.2018.05.007 

Polanczyk, G. V., Willcutt, E. G., Salum, G. A., Kieling, C., & Rohde, L. A. (2014). ADHD 

prevalence estimates across three decades: An updated systematic review and meta-regression 

analysis. International Journal of Epidemiology, 43(2), 434–442. 

https://doi.org/10.1093/ije/dyt261 

Posner, J., Polanczyk, G. V., & Sonuga-Barke, E. (2020). Attention-deficit hyperactivity 

disorder. The Lancet, 395(10222), 450–462. https://doi.org/10.1016/S0140-6736(19)33004-1 

Primack, B. A., Carroll, M. V., McNamara, M., Klem, M. L., King, B., Rich, M., Chan, C. W., 

& Nayak, S. (2012). Role of video games in improving health-related outcomes: A systematic 

review. American Journal of Preventive Medicine, 42(6), 630–638. 

https://doi.org/10.1016/j.amepre.2012.02.023 

Ramires Lima, K., de Souza da Rosa, A. C., Severo Picua, S., Souza E Silva, S., Marks Soares, 

N., & Billig Mello-Carpes, P. (2021). One single physical exercise session improves memory 

persistence by hippocampal activation of D1 dopamine receptors and PKA signaling in rats. 

Brain Research, 1762, 147439. https://doi.org/10.1016/j.brainres.2021.147439 

Riskowski, J. L., & Almeheyawi, R. (2019). Effects of Tai Chi and Qigong in children and 

adolescents: A systematic review of trials. Adolescent Research Review, 4, 73–91. 

https://doi.org/10.1007/s40894-017-0067-y 

Robbins, T. W., & Arnsten, A. F. T. (2009). The neuropsychopharmacology of fronto-executive 

function: Monoaminergic modulation. Annual Review of Neuroscience, 32, 267–287. 

https://doi.org/10.1146/annurev.neuro.051508.135535 

Robertson, C. L., Ishibashi, K., Chudzynski, J., Mooney, L. J., Rawson, R. A., Dolezal, B. A., 

Cooper, C. B., Brown, A. K., Mandelkern, M. A., & London, E. D. (2016). Effect of exercise 

training on striatal dopamine D2/D3 receptors in methamphetamine users during behavioral 

treatment. Neuropsychopharmacology, 41(6), 1629–1636. 

https://doi.org/10.1038/npp.2015.331 

Rubia, K., Alegria, A., & Brinson, H. (2014). Imaging the ADHD brain: Disorder-specificity, 

medication effects and clinical translation. Expert Review of Neurotherapeutics, 14(5), 519–

538. https://doi.org/10.1586/14737175.2014.907526 

Sacheli, M. A., Neva, J. L., Lakhani, B., Murray, D. K., Vafai, N., Shahinfard, E., English, C., 

McCormick, S., Dinelle, K., Neilson, N., McKenzie, J., Schulzer, M., McKenzie, D. C., Appel-

Cresswell, S., McKeown, M. J., Boyd, L. A., Sossi, V., & Stoessl, A. J. (2019). Exercise 

https://doi.org/10.1080/02796015.2005.12086295
https://doi.org/10.1080/02796015.2005.12086295
https://doi.org/10.1080/02796015.2005.12086295
https://doi.org/10.3390/soc7030027
https://doi.org/10.3390/soc7030027
https://doi.org/10.1016/j.nlm.2018.05.007
https://doi.org/10.1016/j.nlm.2018.05.007
https://doi.org/10.1016/j.nlm.2018.05.007
https://doi.org/10.1093/ije/dyt261
https://doi.org/10.1093/ije/dyt261
https://doi.org/10.1093/ije/dyt261
https://doi.org/10.1016/S0140-6736(19)33004-1
https://doi.org/10.1016/S0140-6736(19)33004-1
https://doi.org/10.1016/j.amepre.2012.02.023
https://doi.org/10.1016/j.amepre.2012.02.023
https://doi.org/10.1016/j.amepre.2012.02.023
https://doi.org/10.1016/j.brainres.2021.147439
https://doi.org/10.1016/j.brainres.2021.147439
https://doi.org/10.1007/s40894-017-0067-y
https://doi.org/10.1007/s40894-017-0067-y
https://doi.org/10.1007/s40894-017-0067-y
https://doi.org/10.1146/annurev.neuro.051508.135535
https://doi.org/10.1146/annurev.neuro.051508.135535
https://doi.org/10.1146/annurev.neuro.051508.135535
https://doi.org/10.1038/npp.2015.331
https://doi.org/10.1038/npp.2015.331
https://doi.org/10.1038/npp.2015.331
https://doi.org/10.1586/14737175.2014.907526
https://doi.org/10.1586/14737175.2014.907526


21 

increases caudate dopamine release and ventral striatal activation in Parkinson’s disease. 

Movement Disorders, 34(12), 1891–1900. https://doi.org/10.1002/mds.27865 

Saskia, H., Bernhard, H., Armin, K., & Colzato, L. S. (2015). Neuromodulation of aerobic 

exercise—A review. Frontiers in Psychology, 6, Article 1890. 

https://doi.org/10.3389/fpsyg.2015.01890 

Shaw M., Hodgkins P., Caci H., Young S., Kahle J., Woods A.G., Arnold L.E. (2012) A 

systematic review and analysis of long-term outcomes in attention deficit hyperactivity disorder: 

Effects of treatment and non-treatment. BMC Med, 10, 99. https://doi.org/10.1186/1741-7015-

10-99 

Silva, A. P., Prado, S. O., Scardovelli, T. A., Boschi, S. R., Campos, L. C., & Frère, A. F. (2015). 

Measurement of the effect of physical exercise on the concentration of individuals with ADHD. 

PLoS One, 10(3), e0122119. https://doi.org/10.1371/journal.pone.0122119 

Silva, L. A. D., Doyenart, R., Henrique Salvan, P., Rodrigues, W., Felipe Lopes, J., Gomes, K., 

Thirupathi, A., Pinho, R. A., & Silveira, P. C. (2020). Swimming training improves mental 

health parameters, cognition and motor coordination in children with attention deficit 

hyperactivity disorder. International Journal of Environmental Health Research, 30(5), 584–

592. https://doi.org/10.1080/09603123.2019.1612041 

Skalidou, S., Anestis, A., Bakolas, N., Tsoulfa, G., & Papadimitriou, K. (2023). Swimming 

activity alleviates the symptoms of attention deficit hyperactivity disorder (ADHD): A case 

report. Healthcare (Basel), 11(14), 1999. https://doi.org/10.3390/healthcare11141999 

Tantillo, M., Kesick, C. M., Hynd, G. W., & Dishman, R. K. (2002). The effects of exercise on 

children with attention-deficit hyperactivity disorder. Medicine & Science in Sports & Exercise, 

34(2), 203–212. https://doi.org/10.1097/00005768-200202000-00004 

Thomas R., Sanders S., Doust J., Beller E., Glasziou P. (2015) Prevalence of attention-

deficit/hyperactivity disorder: A systematic review and meta-analysis. Pediatrics. 135, 9941001. 

https://doi.org/10.1542/peds.2014-3482 

Toh, Z. H., Gu, Q. L., Seah, T. A. C., Wong, W. H., McNab, J. A., Chuang, K., Hong, X., & 

Tang, P. H. (2018). Increased white matter connectivity seen in young judo athletes with MRI. 

Clinical Radiology, 73(10), 911.e17–911.e21. 

Vanhelst, J., Béghin, L., Duhamel, A., Manios, Y., Molnar, D., De Henauw, S., Moreno, L. A., 

Ortega, F. B., Sjöström, M., Widhalm, K., & Gottrand, F. (2016). Physical activity is associated 

with attention capacity in adolescents. Journal of Pediatrics, 168, 126–131. 

https://doi.org/10.1016/j.jpeds.2015.09.029 

Vecchio, L. M., Meng, Y., Xhima, K., Lipsman, N., Hamani, C., & Aubert, I. (2018). The 

neuroprotective effects of exercise: Maintaining a healthy brain throughout aging. Brain 

Plasticity, 4(1), 17–52. https://doi.org/10.3233/BPL-180069 

Villa-González, R., Villalba-Heredia, L., Crespo, I., Del Valle, M., & Olmedillas, H. (2020). A 

systematic review of acute exercise as a coadjuvant treatment of ADHD in young people. 

Psicothema, 32(1), 67–74. https://doi.org/10.7334/psicothema2019.211 

https://doi.org/10.1002/mds.27865
https://doi.org/10.1002/mds.27865
https://doi.org/10.3389/fpsyg.2015.01890
https://doi.org/10.3389/fpsyg.2015.01890
https://doi.org/10.3389/fpsyg.2015.01890
https://doi.org/10.1186/1741-7015-10-99
https://doi.org/10.1186/1741-7015-10-99
https://doi.org/10.1186/1741-7015-10-99
https://doi.org/10.1371/journal.pone.0122119
https://doi.org/10.1371/journal.pone.0122119
https://doi.org/10.1080/09603123.2019.1612041
https://doi.org/10.1080/09603123.2019.1612041
https://doi.org/10.3390/healthcare11141999
https://doi.org/10.3390/healthcare11141999
https://doi.org/10.1097/00005768-200202000-00004
https://doi.org/10.1097/00005768-200202000-00004
https://doi.org/10.1542/peds.2014-3482
https://doi.org/10.1542/peds.2014-3482
https://doi.org/10.1542/peds.2014-3482
https://doi.org/10.1016/j.jpeds.2015.09.029
https://doi.org/10.1016/j.jpeds.2015.09.029
https://doi.org/10.1016/j.jpeds.2015.09.029
https://doi.org/10.3233/BPL-180069
https://doi.org/10.3233/BPL-180069
https://doi.org/10.7334/psicothema2019.211
https://doi.org/10.7334/psicothema2019.211


22 

Wang, M., Yang, X., Yu, J., Zhu, J., Kim, H. D., & Cruz, A. (2023). Effects of physical activity 

on inhibitory function in children with attention deficit hyperactivity disorder: A systematic 

review and meta-analysis. International Journal of Environmental Research and Public Health, 

20(2), 1032. https://doi.org/10.3390/ijerph20021032 

Wang, Y. T., Taylor, L., Pearl, M., & Chang, L. S. (2004). Effects of Tai Chi exercise on physical 

and mental health of college students. American Journal of Chinese Medicine, 32(3), 453–459. 

https://doi.org/10.1142/S0192415X04002107 

Webster, C. S., Luo, A. Y., Krägeloh, C., Moir, F., & Henning, M. (2015). A systematic review 

of the health benefits of Tai Chi for students in higher education. Preventive Medicine Reports, 

3, 103–112. https://doi.org/10.1016/j.pmedr.2015.12.006 

Willoughby M.T. (2003) Developmental course of adhd symptomatology during the transition 

from childhood to adolescence: A review with recommendations. J. Child Psychol, 44, 88–106. 

https://doi.org/10.1111/1469-7610.t01-1-00104 

Wittchen H.U., Jacobi F., Rehm J., Gustavsson A., Svensson M., Jönsson B., Olesen J., 

Allgulander C., Alonso J., Faravelli C., et al. (2011) The size and burden of mental disorders 

and other disorders of the brain in Europe. Eur. Neuropsychopharmacol, 21,655–679. 

https://doi.org/10.1016/j.euroneuro.2011.07.018 

Wu, S. Y., Wang, T. F., Yu, L., Jen, C. J., Chuang, J. I., Wu, F. S., Wu, C. W., & Kuo, Y. M. 

(2011). Running exercise protects the substantia nigra dopaminergic neurons against 

inflammation-induced degeneration via the activation of BDNF signaling pathway. Brain, 

Behavior, and Immunity, 25(1), 135–146. https://doi.org/10.1016/j.bbi.2010.09.006 

Yang, G. Y., Wang, L. Q., Ren, J., Zhang, Y., Li, M. L., Zhu, Y. T., Luo, J., Cheng, Y. J., Li, W. 

Y., Wayne, P. M., & Liu, J. P. (2015). Evidence base of clinical studies on Tai Chi: A bibliometric 

analysis. PLoS One, 10(3), e0120655. https://doi.org/10.1371/journal.pone.0120655 

Zheng, G., Lan, X., Li, M., Ling, K., Lin, H., Chen, L., Tao, J., Li, J., Zheng, X., Chen, B., & 

Fang, Q. (2015). Effectiveness of Tai Chi on physical and psychological health of college 

students: Results of a randomized controlled trial. PLoS One, 10(7), e0132605. 

https://doi.org/10.1371/journal.pone.0132605 

Zipkin, D. (1985). Relaxation techniques for handicapped children: A review of literature. The 

Journal of Special Education, 19(3), 283–289. https://doi.org/10.1177/002246698501900305 

 

 

https://doi.org/10.3390/ijerph20021032
https://doi.org/10.3390/ijerph20021032
https://doi.org/10.1142/S0192415X04002107
https://doi.org/10.1142/S0192415X04002107
https://doi.org/10.1142/S0192415X04002107
https://doi.org/10.1016/j.pmedr.2015.12.006
https://doi.org/10.1016/j.pmedr.2015.12.006
https://doi.org/10.1111/1469-7610.t01-1-00104
https://doi.org/10.1111/1469-7610.t01-1-00104
https://doi.org/10.1111/1469-7610.t01-1-00104
https://doi.org/10.1016/j.euroneuro.2011.07.018
https://doi.org/10.1016/j.euroneuro.2011.07.018
https://doi.org/10.1016/j.euroneuro.2011.07.018
https://doi.org/10.1016/j.bbi.2010.09.006
https://doi.org/10.1016/j.bbi.2010.09.006
https://doi.org/10.1371/journal.pone.0120655
https://doi.org/10.1371/journal.pone.0120655
https://doi.org/10.1371/journal.pone.0132605
https://doi.org/10.1371/journal.pone.0132605
https://doi.org/10.1371/journal.pone.0132605
https://doi.org/10.1177/002246698501900305
https://doi.org/10.1177/002246698501900305

