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This entry aimed to undertake an extensive exploration of the extent, range, and nature of research activities
regarding the effect and emerging evidence in the field of physical activity interventions on cognitive development
among children and youth (0-17.99 years) with neurodevelopmental disorders (NDD), and to help identify key gaps
in research and determine precise research questions for future investigations. To carry out this scoping review,
five electronic databases were searched. A total of 12,097 articles were retrieved via search efforts with an
additional 93 articles identified from the identified review papers. Sixty articles were eligible for inclusion. The
results of this scoping review revealed many positive key cognitive outcomes related to physical

activity including, but not limited to: focus, attention, self-control, cognitive process, and alertness. No studies
reported a negative association between physical activity and cognitive outcomes. Based on the findings from this
scoping review, physical activity appears to have a favorable impact on the cognitive outcomes of children and
youth with NDD.

physical activity cognition Neurodevelopmental Disorders Children and youth

| 1. Introduction

The prevalence of neurodevelopmental disabilities (NDD) among children continues to grow. In the United States
and Canada, approximately 10-17% of the pediatric population (4—14 years) is diagnosed with NDD ! including
attention-deficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), cerebral palsy (CP), development
coordination disorder (DCD), or fetal alcohol spectrum disorder (FASD), to name a few. NDD are widely defined as
a “group of congenital or acquired long-term conditions that are attributed to impairment of the brain and/or
neuromuscular system and create functional limitations” [&. The impairments and dysfunctions associated with

NDD are usually associated with significant consequences for children, families, and society BI4I56],

Physical activity provides numerous health benefits for children 8. Due to physical and psychosocial limitations,
children with NDD are often less active than their typically developing peers. Less frequent participation in physical
activity may manifest as missed opportunities to positively impact various health outcomes including the
development of motor skills, social learning, and mental wellness [EI[L0ILLI12I13][14][15]116] Families of children with
NDD often report the desire to identify community-based physical activity programs aimed at stimulating cognitive
development and improving self-control, autonomy, social integration, and quality of life. While this type of program
has been found to be associated with a range of benefits for children, variations in research design, populations
studied, intervention type, and outcomes measured have made determining the true effects of this type of program
difficult.
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To our knowledge, no in-depth review has been conducted to explore the existing literature regarding the multiple
types of community-based physical activity programs for children with varieties of NDD, and the different types of
outcomes studied. A scoping review of the literature was conducted to examine the impact of physical activity on
the cognitive function of children with NDD, identify the most promising interventions, and clarify existing gaps and
inconsistencies in the literature. More specifically, this manuscript aimed to: (a) investigate the extent, range, and
nature of research activities regarding the effect and emerging evidence in the field of physical activity interventions
on cognitive development among children and youth with NDD, and (b) help identify key gaps in research and
determine precise research questions for future investigations. Collectively, this information will also help to

determine the value of conducting further systematic reviews and meta-analyses.

| 2. Search Strategy

The following electronic databases were searched: PubMed, MEDLINE (EBSCOhost), CINAHL, PsycINFO, and
ERIC (Education Resources Information Center). Search terms representing physical activity or specific activities
such as exercise, recreation therapy, physical activity, and sport were combined with search terms representing
NDD or specific conditions such as neurodevelopmental disorders, cerebral palsy, intellectual disability, autism
spectrum disorder, and fetal alcohol spectrum disorder. Controlled vocabulary was incorporated into the search
strategy to increase the breadth and relevance of the articles retrieved. The searches were limited by date from
1995 to 2017. No limits were set on type of publication. Only English language articles were included. See

Appendix A for a search strategy for each database.

| 3. Discussion

This comprehensive scoping review reports the impact of physical activity on the cognitive functions of children and
youth with different types of NDD conditions: ASD, ADHD, CP, Down syndrome, intellectual disabilities, physical
disabilities, behavioral and social disabilities, learning disabilities, and developmental coordination disorder (DCD).
A number of cognitive function outcomes were explored: executive function including cognitive flexibility, cognitive
control and working memory, attention, short- and long-term memory, learning, perceptual processing, and

alertness.

Most studies reported improvement in their measured cognitive function outcomes. About half of the reported
improvements were statistically significant. No studies reported negative impacts or symptom regression on
cognition among child participants with NDD. The majority of studies used standardized measurement tools in
order to assess the change in studied outcomes. This finding indicates the role of physical activity in the learning
and development of a child with NDD. The major findings of this scoping review will be discussed in the following

paragraphs.

Most of the included studies have been conducted with boys 6-12 years of age who were diagnosed with ADHD (n

= 23, 38.3%). This finding certainly corresponds to the fact that the main challenges described are triggered in the
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context of school exposure, and ADHD incidence is much higher among boys than girls. This focus of interest
indicates the importance of identifying effective interventions for school age children with NDD. Regarding gender,
most studies focus on boys, which corresponds to the fact that boys are more often diagnosed with ADHD and
ASD in comparison to girls; however, we cannot eliminate a possible gender bias with more boys willing to
participate in these studies. While some studies reported small improvements in girls with NDD, additional work is

needed to clarify the relationship between physical activity and this particular sub-population.

Among the 60 studies that were included in the present scoping review, the largest number of positive impacts of
physical activity was found in studies of exercise interventions followed by equine-assisted therapy, then sports. Of
these papers, the majority focused on children with ADHD and ASD, where attention and its sub-domains of focus
and concentration were the most commonly measured cognitive function. This finding corresponds to the main
concern in this population, especially in the school context LAML8ILI |n the case of ADHD, participation in high-
intensity physical activity or exercise may increase the release of endorphins (which helps regulate mood,
pleasure, and pain) and neurotransmitters like dopamine, norepinephrine, and serotonin levels (which positively
affect focus and attention) 22, Combined, these effects on the brain help increase alertness and reduce the craving
for new stimuli, which are typical characteristics of children with ADHD. Similarly, with ASD, higher-intensity
physical activity has been noted in the literature as an effective supplement to children’s treatment regimens [21122]
(23] studies show that moderate-to-vigorous physical activity is associated with decreases in self-stimulatory
behaviors, hyperactivity, aggression, self-injury, and destructiveness [24. Furthermore, as many children with ASD
are at increased risk for weight gain, including regular physical activity in their daily routine may have beneficial
effects (221261, The incorporation of animal therapy into the treatment of protocols of children with ADHD and ASD is

well-received and its positive effects have been noted in other reviews [2Z128],

The type of NDD diagnosis and physical activity intervention were examined in this review. We found that children
with ASD saw the most improvements in attention and that equine-therapy appeared to be the best type of activity
to produce such changes. As for children with CP, most gains were reported in the attention domain, with aqua
therapy and movement therapy serving as ideal activities to realize such improvements. Lastly, children with ADHD
reported improvements in attention, with again, exercise and movement therapy serving as the preferred conduits
to improved cognitive functions, memory, and development. The acquisition of such information is paramount to
our understanding of which domains of cognitive function are most positively impacted by physical activity and by
which types of activity exposures. Consequently, this information will assist with the creation of tailored physical

activity programming for children with NDD based on their unique abilities.

Our findings confirm the ones from other literature reviews. Pontifex et al. 22 in their narrative review examined the
role of physical activity in reducing barriers to learning in children with developmental disorders including ADHD
and ASD. Findings indicated that both single bouts of activity and chronic physical activity were associated with
improved classroom performance (2289 A meta-analysis of 22 articles by Tan et al. B found an overall small to
medium effect of exercise on cognition. Their findings support the efficacy of exercise interventions in enhancing
certain aspects of cognitive performance in individuals with ASD and/or ADHD. In another systematic review and

meta-analysis of eight RCTs, Cerrilo-Urbina et al. 3 reported that short-term aerobic exercise, based on several
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aerobic intervention formats, seems to be effective for mitigating symptoms such as attention, hyperactivity,
impulsivity, anxiety, executive function, and social disorders in children with ADHD. However, to our knowledge, this
scoping review is the first comprehensive review that explored the impacts of several types of physical activity

interventions on all aspects of cognitive function for children with a variety of neurodevelopmental challenges.

3.1. Strengths and Limitations

The majority of papers included in this review were RCTs and quasi-experimental studies, which highlights the
credibility of the overall evidence. In addition, having a research question that was broad in scope allowed us to
investigate many aspects of the existing relevant research studies. Despite these strengths, there are several
limitations of this review worth noting. First, most of the studies had small sample sizes (75% of studies included
less than 43 participants) and the physical activity programs were short in duration (75% of studies had
interventions less than 12 weeks). Second, most studies did not organize data collection by a person who was
unaware of the intervention status, which makes the studies prone to different types of observation/report biases
and Hawthorne effects (i.e., the change in behavior of study participants due to the awareness of being observed)
(321331 Third, information was generally lacking regarding the child/family’s satisfaction of the effect and the level
that the positive impacts of physical activity could meet the specific needs of a child and family. Fourth, due to the
vast variability in reporting interventions and results, informing best practice recommendations is not possible.
Finally, although the current review considered solely English-language, peer-reviewed publications and academic
gray literature, examining the international and non-academic gray literature may help to expand and deepen our
understanding of physical activity on acquisition of new functions (cognitive and psychological) and learning among
children with NDD.

3.2. Future Directions

Based on the findings of this scoping review, we have identified several areas for further investigations. High
quality studies on the impact of physical activity on brain function among very young children (under 6 years) with
NDD are appealing. Brain plasticity is maximal in young children [2485]: therefore, interventions should target
younger children instead of waiting for impairments to be revealed in light of the demands of the school classroom.
More generally, specific research questions include determining the type of activities at different ages and which
effect is expected on different types of outcomes. A more focused look at the relationship between physical activity
and brain function across disability categories including the undertaking of further investigations into the
development of physical literacy for long-term physical activity and its impact on brain health would also be of
interest. Given that peer relationships become increasingly important from childhood to adolescence, additional
research to explore the impact of physical activity on social inclusion and personal identity development for children
with NDD is important. As well, investigating the level of child/family’s satisfaction of the positive impacts is of
paramount importance. Lastly, a rigorous systematic review and meta-analysis of RCTs that investigate the effects

of physical activity on children and youth with NDD is warranted.

| 4. Conclusions
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The findings of this scoping review highlight that physical activity may have a favorable impact on the cognitive
outcomes of children and youth with NDD. Given these noted benefits, additional investigations are needed to help
optimize the use of physical activity in the daily lives of children with NDD to not only support improved cognitive
functions, but overall social integration and quality of life as well.

References

1. Boyle, C.A.; Boulet, S.H.; Schieve, L.A.; Cohen, R.A.; Blumberg, S.J.; Yeargin-Allsopp, M.; Visser,
S.; Kogan, M.D. Trends in the prevalence of developmental disabilities in US children, 1997—
2008. Pediatrics 2011, 127, 1034-1042.

2. Morris, C.; Janssens, A.; Tomlinson, R.; Williams, J.; Logan, S. Towards a definition of
neurodisability: A Delphi survey. Dev. Med. Child. Neurol. 2013, 55, 1103-1108.

3. Stabile, M.; Allin, S. The economic costs of childhood disability. Future Child. 2012, 22, 65-96.

4. Brehaut, J.C.; Kohen, D.E.; Garner, R.E.; Miller, A.R.; Lach, L.M.; Klassen, A.F.; Rosenbaum, P.L.
Health among caregivers of children with health problems: Findings from a Canadian population-
based study. Am. J. Public Heal. 2009, 99, 1254-1263.

5. Ginsburg, K.R. The importance of play in promoting healthy child development and maintaining
strong parent-child bonds. Pediatrics 2007, 119, 182-191.

6. Statistics Canada. Participation and Activity Limitation Survey 2006: Families of Children with
Disabilities in Canada. Available online: (accessed on 1 September 2018).

7. Timmons, B.W.; LeBlanc, A.G.; Carson, V.; Connor Gorber, S.; Dillman, C.; Janssen, I.; Kho,
M.E.; Spence, J.C.; Stearns, J.A.; Tremblay, M.S. Systematic review of physical activity and
health in the early years (aged 0—4 years). Appl. Physiol. Nutr. Metab. 2012, 37, 773—-792.

8. Poitras, V.J.; Gray, C.E.; Borghese, M.M.; Carson, V.; Chaput, J.P.; Jansse, |.; Katzmarzyk, P.T.;
Pate, R.R.; Connor Gorber, S.; Kho, M.E.; et al. Systematic review of the relationships between
objectively measured physical activity and health indicators in school-aged children. Appl. Phys.
Nutr. Metab. 2016, 41, 197-239.

9. Casady, R.L.; Nichols-Larsen, D.S. The effect of hippotherapy on ten children with cerebral palsy.
Pediatr. Phys. Ther. 2004, 16, 165-172.

10. Cook, O.; Frost, G.; Twose, D.; Wallman, L.; Falk, B.; Galea, V.; Adkin, A.; Klentrou, P. CAN-flip: A
pilot gymnastics program for children with cerebral palsy. Adapt. Phys. Avtivity Q. 2005, 32, 349—
370.

11. Casey, A.F.; Quenneville-Himbeault, G.; Normore, A.; Davis, H.M.S. A Therapeutic skating
intervention for children with Autism Spectrum Disorder. Pediatr. Phys. Ther. 2015, 27, 170-177.

https://encyclopedia.pub/entry/8179 5/7



Children with Neurodevelopmental Disabilities | Encyclopedia.pub

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Garcia-Gomez, A.; Lopez Risco, M.; Rubio, J.C.; Guerrero, E.; Garcia-Pena, |I.M. Effects of a
program of adapted therapeutic horse-riding in a group of autism spectrum disorder children.
Electron. J. Res. Educ. Psychol. 2014, 12, 107-128.

McGibbon, N.H.; Benda, W.; Duncan, B.R.; Silkwood-Sherer, D. Immediate and long-term effects
of hippotherapy on symmetry of adductor muscle activity and functional ability in children with
spastic Cerebral Palsy. Arch. Phys. Med. Rehabil. 2009, 90, 966-974.

Davis, E.; Davies, B.; Wolfe, R.; Raadsveld, R.; Heine, B.; Thomason, P.; Dobson, F.; Graham,
H.K. A randomized controlled trial of the impact of therapeutic horse riding on the quality of life,
health, and function of children with cerebral palsy. Dev. Med. Child. Neurol. 2009, 51, 111-119.

Gabriels, R.L.; Agnew, J.A.; Holt, K.D.; Shoffner, A.; Zhaoxing, P.; Ruzzano, S.; Clayton, G.H.;
Mesibov, G. Pilot study measuring the effects of therapeutic horseback riding on school-age
children and adolescents with autism spectrum disorders. Res. Autism Spectr. Disord. 2012, 6,
578-588.

Bass, M.; Duchowny, C.A.; Llabre, M.M. The effect of therapeutic horseback riding on social
functioning in children with autism. J. Autism Dev. Disord. 2009, 39, 1261-1290.

Zajic, M.C.; Mcintyre, N.; Swain-Lerro, L.; Novotny, S.; Oswald, T.; Mundy, P. Attention and written
expression in school-age, high-functioning children with autism spectrum disorders. Autism 2018,
22, 245-258.

Spaniol, M.M.; Shalev, L.; Kossyvaki, L.; Mevorach, C. Attention Training in Autism as a Potential
Approach to Improving Academic Performance: A School-Based Pilot Study. J. Autism Deuv.
Disord. 2018, 48, 592—-610.

Daley, D.; Birchwood, J. ADHD and academic performance: Why does ADHD impact on academic
performance and what can be done to support ADHD children in the classroom? Child. Care
Health Dev. 2010, 36, 455-464.

Woodman, A.C.; Breviglia, E.; Mori, Y.; Golden, R.; Maina, J.; Wisniewski, H. The effect of music
on exercise intensity among children with Autism Spectrum Disorder: A pilot study. J. Clin. Med.
2018, 7, 38.

Oriel, K.N.; George, C.L.; Peckus, R.S.A. The effects of aerobic exercise on academic
engagement in young children with autism spectrum disorder. Pediatr Phys. Ther. 2011, 23, 187—
193.

Garcia-Villamisar, D.A.; Dattilo, J. Effects of a leisure programme on quality of life and stress of
individuals with ASD. J. Intellect Disabil Res. 2010, 54, 611-619.

Elliott ROJr Dobbin, A.R.; Rose, G.D.; Soper, H.V. Vigorous, aerobic exercise versus general
motor training activities: Effects on maladaptive and stereotypic behaviors of adults with both
autism and mental retardation. J. Autism Dev. Disord. 1994, 24, 565-576.

https://encyclopedia.pub/entry/8179 6/7



Children with Neurodevelopmental Disabilities | Encyclopedia.pub

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Awamleh, A.A.; Woll, A. The influence of physical exercise on individuals with autism: Is physical
exercise able to help autistic. J. Soc. Sci. 2014, 10, 46-50.

Hill, A.P.; Zukerman, K.E.; Fombonne, E. Obesity and autism. Pediatrics. Pediatrics 2015, 136,
1051-1061.

Srinivasan, M.; Pestcatello, L.S.; Bhat, A.N. Current perspectives on physical activity and exercise
recommendations for children and adolescents with autism spectrum disorders. Phys. Ther. 2014,
94, 875-889.

Busch, C.; Tucha, L.; Talarovicova, A.; Fuermaier, A.B.M.; Lewis-Evans, B.; Tucha, O. Animal-
assisted interventions for children with attention deficit/hyperactivity: A theoretical review and
consideration of future directions. Psychol. Rep. 2016, 118, 292-331.

McDaniel Peters, B.C.; Wood, W. Autism and equine-assisted interventions: A systematic
mapping review. J. Autism Dev. Disord. 2017, 47, 3220-3242.

Pontifex, M.B.; Fine, J.G.; da Cruz, K.; Parks, A.C.; Smith, A.L. The role of physical activity in
reducing barriers to learning in children with developmental disorders. Monogr. Soc. Res. Child.
Dev. 2014, 79, 93-118.

Tan, B.W.Z.; Pooley, J.A.; Speelman, C.P. A meta-analytic review of the efficacy of physical
exercise interventions on cognition in individuals with Autism Spectrum Disorder and ADHD. J.
Autism Dev. Disord. 2016, 46, 3126-3143.

Cerrillo-Urbina, A.J.; Garcia-Hermoso, A.M.; Sdnchez-Lépez, M.; Pardo-Guijaro, M.J.; Santos,
G.J.L.; Martinez-Vizcaino, M. The effects of physical exercise in children with attention deficit
hyperactivity disorder: A systematic review and meta-analysis of randomized control trials. Child.
Care Health Dev. 2015, 41, 779-788.

Parsons, H. What happened at Hawthorne? New evidence suggests the Hawthorne effect
resulted from operant reinforcement contingencies. Science 1974, 183, 922-932.

McCambridge, J.; Witton, J.; Elbourne, D. Systematic review of the Hawthorne effect: New
concepts are needed to study research participation effects. J. Clin. Epidemiol. 2014, 67, 267—
277.

Mundkur, N. Neuroplasticity in children. Indian Journal of Pediatrics. J. Pediatr. 2005, 72, 855—
857.

Losardo, A.; McCullough, K.C.; Lakey, E.R. Neuroplasticity and young children with Autism: A
tutorial. Anat. Physiol. Curr. Res. 2016, 6, 234-235.

Retrieved from https://encyclopedia.pub/entry/history/show/19330

https://encyclopedia.pub/entry/8179 717



