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ABSTRACT Emerging research suggests that physical activity may be an
effective non-pharmaceutical intervention approach for childhood develop-
mental disorders. Findings indicate that both single bouts of activity and
chronic physical activity associate with improved mental health and classroom
performance in children with attention-deficit/hyperactivity disorder and
children with autism spectrum disorders. This review describes the research in
this area and identifies limitations and challenges to the translation of these
findings to promote physical activity in clinical practice and educational

policy.

Concomitant with the pervasiveness of developmental neurobehavioral
disorders, trends indicate decreasing participation in physical activity
behaviors during childhood (DHHS and DOE, 2000). In particular, children
with developmental disorders, such as attention-deficit/hyperactivity disor-
der (ADHD) and autism spectrum disorders (ASD) have been found to
exhibit lower physical activity participation levels than the general pediatric
population (Kim, Mutyala, Agiovlasitis, & Fernhall, 2011; Pan & Frey, 2006).
As a growing body of evidence has demonstrated a beneficial relation between
physical activity and cognitive health in preadolescent children (Castelli,
Hillman, Buck, & Erwin, 2007; Hillman, Buck, Themanson, Pontifex, &
Castelli, 2009; Kamijo et al., 2011; Pontifex et al., 2011; Pontifex, Scudder,
Drollette, & Hillman, 2012; Sibley & Etnier, 2003; Tomporowski, 2003), a
greater understanding of the extent to which physical activity may alter
developmental trajectories of mental health is of increasing importance.
Accordingly, this review describes the extant literature on the influence of
both acute and chronic physical activity participation on mental health and
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scholastic performance in children with developmental disorders and
articulates challenges to overcome in order to advance this area of study.

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER

ADHD is a chronic neurobehavioral disorder characterized by
inattention, over-activity, distractibility, and impulsiveness manifesting as
a childhood-onset disorder (American Psychiatric Association, 2013;
Banaschewski et al., 2006; Schachar, Mota, Logan, Tannock, & Klim,
2000). Although it is normal for children to exhibit the behaviors that
define ADHD, children with ADHD disproportionately express these
behaviors compared to typically developing children of the same age. This
results in substantial impairments in daily functioning. According to the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American
Psychiatric Association, 2013) these symptoms should occur in two or more
settings (e.g., both home and school), must be present for more than
6 months, and show onset before the age of 12 years. ADHD diagnoses are
categorized into three subtypes: predominately inattentive (ADHD-I),
predominately hyperactive/impulsive (ADHD-H), and a subtype combin-
ing symptoms of inattention and hyperactivity/impulsivity (ADHD-C). The
ADHD-H subgroup is typically observed among children of preschool age,
when the hyperactive-impulsive behavior pattern first emerges (Applegate
et al.,, 1997). Symptoms of inattention appear to have later onsets, with
ADHD-I and ADHD-C predominately occurring during the school-aged
years (Hart, Lahey, Loeber, Applegate, & Frick, 1995; Loeber, Green,
Lahey, Christ, & Frick, 1992). The ADHD-I subgroup (formerly classified as
attention-deficit disorder [ADD]) is characterized by developmentally
inappropriate behaviors such as failing to attend and follow directions,
having difficulty sustaining attention and organizing activities, and being
easily distracted and forgetful (Barkley, DuPaul, & McMurray, 1990;
Bracken & Boatwright, 2005).

The CDC reports an ADHD prevalence rate of about 8%, suggesting that
approximately five million children aged 3-17 years of age are affected by the
disorder (Bloom, Cohen, & Freeman, 2010). Prevalence estimates of ADHD
are heterogeneous, likely resulting from varying methodological character-
istics of epidemiological studies (Polanczyk, Silva de Lima, Horta, Biederman,
& Rohde, 2007). Nonetheless, the National Health Interview Survey reports
an average 3% annual increase in lifetime diagnosis of ADHD between 1997
and 2006, and an estimated one million more children diagnosed with ADHD
in 2007 than in 2003 (Pastor & Reuben, 2008). Lower quality of interpersonal
relationships have also been observed along with less perceived family
cohesiveness and greater conflict, parent depression, and incidence of
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separation (Brown & Pacini, 1989) along with lower parent work status and
productivity (Noe & Hankin, 2001). In addition to family challenges, ADHD is
associated with increased developmental risk for early substance experimen-
tation and abuse, anxiety, depression, and aggression in children diagnosed
with the disorder (Barkley, Guevremont, Anastopoulos, DuPaul, &
Shelton, 1993; Biederman, Wilens, Mick, Faraone, & Spencer, 1998;
Pomerleau, Downey, Stelson, & Pomerleau, 1995). Finally, ADHD appears
to persist into adulthood, though symptoms may change over time (Martel,
von Eye, & Nigg, 2012).

Single Bouts of Physical Activity as a Tool in the Treatment of ADHD

Given the economic burden and prevalence of ADHD, there has been an
increased focus on developing efficacious treatment strategies. Pharmaco-
logical treatments using psychostimulants have been found effective in the
short-term treatment of behavioral symptoms of ADHD (Solanto, Arnsten, &
Castellanos, 2001). However, long-term implications of psychostimulant use
have yet to be fully addressed (Moll, Hause, Ruther, Rothenberger, &
Huether, 2001; Wilson & Jennings, 1996) and many parents have reservations
about pharmacological treatment because of concerns about potential short-
term side effects, long-term effects, negative information from the lay press,
and personal views on the ubiquity of medication use (Berger, Dor, Nevo, &
Goldzweig, 2008; dosReis et al., 2003). Thus, parents are increasingly willing
to investigate alternative treatments for ADHD, particularly those that do not
include medication administration (Wilson & Jennings, 1996). A growing
body of research suggests that employing physical activity bouts may be an
efficacious strategy for children with ADHD.

Two case studies highlight the potential utility of single bouts of exercise
for reducing symptomology and behavioral disruptions within the classroom.
Etscheidt and Ayllon (1987) asked a 13-year-old boy who exhibited symptoms
of hyperactivity and distractibility to engage in moderate-to-vigorous levels of
activity for a short duration (5-15min) whenever he recognized he was
exhibiting disruptive behaviors. Following such activity, the boy was observed
to exhibit greater attentiveness in the classroom. Similarly, Azrin, Ehle, and
Beaumont (2006) observed the effects of regular physical activity breaks on
the behavior of an unmedicated 4-year-old boy with ADHD and comorbid
symptoms of autism. The child exhibited enhanced attentiveness and
reduced hyperactivity when provided with regular access to playground
equipment to engage in vigorous activity; an effect not observed following
other intervention strategies such as concurrent praise (Azrin etal., 2006). In
addition to these case studies, Medina and colleagues (2010) observed greater
sustained attention and decreased impulsivity using a continuous perfor-
mance task in a sample of 25 boys diagnosed with ADHD following 30 min of
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high-intensity aerobic exercise. These improvements were attained regardless
of medication status.

However, findings have not been universally positive within this small body
of research. Craft (1983) utilized a sample of 31 ADHD and 31 healthy-match
control boys between the ages of 7 and 10 years to examine the cognitive effects
of 1, 5, and 10 min of cycling on a stationary ergometer. Findings revealed no
differences in cognition, as measured by the Wechsler Intelligence Scale for
Children—Revised (WISC-R; Wechsler, 1974), and the Digit Span and Coding B
subtests of the Illinois Test of Psycholinguistic Abilities (ITPA; Kirk, McCarthy,
& Kirk, 1968) for either the ADHD or healthy control participants. Itis possible
that the exercise bouts were of insufficient duration to alter cognition. The
exercise modality (i.e., cycling) may also have been poorly chosen for this age
group. Preadolescent children have underdeveloped knee extensor muscles,
resulting in localized muscular fatigue and exhaustion following pedaling
on a cycle at resistance (Bar-Or, 1983). This could prevent children from
maintaining sufficient exercise intensity over the length of the longer 10-min
cycling condition to incur potential benefits. Craft (1983) noted that the
majority of participants exhibited signs of exhaustion at the 10-min mark,
providing additional support for this view. To date, limited empirical evidence
is available to suggest the specific characteristics of exercise necessary to incur
cognitive benefits.

Arecent study that mirrored the mode, duration, and intensity of previous
work in healthy children (Hillman, Pontifex, et al., 2009) and adults (Hillman,
Snook, & Jerome, 2003), supports a positive association between exercise and
acute changes in cognitive functioning in children with ADHD. Pontifex,
Saliba, Raine, Picchietti, and Hillman (2013) examined the effect of a single
bout of 20 min of moderately intense aerobic exercise on a motor driven
treadmill on inhibitory control and scholastic performance in 20 preadoles-
cent children with ADHD and a similarly sized match-control group, relative to
aseated reading control condition. Inhibitory control is a component in a set
of higher-order cognitive operations known as cognitive control that allow for
the optimization of behavior through the selection, scheduling, coordination,
and maintenance of computational processes that underlie aspects of
perception, memory, and action (Botvinick, Braver, Barch, Carter, &
Cohen, 2001; Meyer & Kieras, 1997; Miyake, Friedman, Emerson, Witzki, &
Howerter, 2000; Norman & Shallice, 1986). Inhibitory control allows for one to
deliberately override a dominant or overlearned response in order to perform
a less potent but correct response, to suppress task-irrelevant information in
the stimulus environment, and to override an ongoing response (Barkley,
1997; Davidson, Amso, Anderson, & Diamond, 2006).

Deficits in inhibition have consistently been observed (i.e., decreased
response accuracy, longer and more variable reaction time) in previous
investigations into ADHD across a variety of tasks (e.g., flanker, Go/No-Go,
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Stroop) (Albrecht et al., 2008; Booth, Carlson, & Tucker, 2007; Castellanos
et al.,, 2000; Crone, Jennings, & Van Der Molen, 2003; Hartung, Milich,
Lynam, & Martin, 2002; Iaboni, Douglas, & Baker, 1995; Jonkman etal., 1999;
Konrad, Neufang, Hanisch, Fink, & Herpertz-Dahlmann, 2006; Vaidya
et al., 1998; Vaidya et al. 2005). Further, meta-analyses indicate moderate
effect sizes for ADHD-related deficits in inhibitory control ranging from .54 to
.75 (Homack & Riccio, 2004; Pennington & Ozonoff, 1996; Willcutt, Doyle,
Nigg, Faraone, & Pennington, 2005). Interestingly, investigations into the
effects of acute exercise and inhibitory control in both healthy children and
young adults have observed improvements in performance on tasks that tap
aspects of inhibition (i.e., flanker, Stroop, and the Paced Auditory Serial
Addition Test) following participation in a single bout of structured physical
activities lasting at least 20min (Hillman, Buck, et al., 2009; Hillman
etal., 2003; Hogervorst, Riedel, Jeukendrup, & Jolles, 1996; Kamijo, Nishihira,
Higashiura, & Kuroiwa, 2007; Lichtman & Poser, 1983; Sibley, Etnier, & Le
Masurier, 2006; Tomporowski et al., 2005). Consistent with these findings,
Pontifex et al. (2013) observed enhancements in inhibitory control and the
allocation of attentional resources (as indexed by increases in the amplitude
of the P3 ERP component; see Chapter 3) as well asimprovements in the areas
of reading and arithmetic in both children with ADHD and healthy match-
controls. This offers evidence that single bouts of exercise may be used to
target core cognitive deficits that may underlie behavioral dysfunctions and
create barriers to learning in children with ADHD (Barkley, 1997).

ADHD and Chronic Physical Activity Behaviors

Although physical activity often occurs in single “doses” of exercise
(similar to the way in which medication is administered), exercise offers the
unique opportunity to create more long-term changes in ADHD symptomol-
ogy. That is, unlike the effects of current pharmacologic therapies, which
require regular dosing, more enduring enhancements in cognition associated
with chronic physical activity participation may result from progressive
accrual of repeated bouts of exercise. Research utilizing animal models has
begun to demonstrate a positive association between chronic physical activity
during adolescent periods and behavior in rodent analogs of ADHD. For
example, Panksepp, Burgdorf, Turner, and Gordon (2003) observed that an
extra hour per day of play activity was effective in reducing impulsivity in rats
lesioned to exhibit ADHD-like symptoms. More recently, Robinson, Hopkins,
and Bucci (2011) observed that voluntary wheel-running in spontaneously
hypertensive rats was associated with reduced distractibility and improved
attention relative to sedentary spontaneously hypertensive rats; with resulting
behavioral levels similar to those exhibited by control rats. In human models,
early evidence points to potential benefits of chronic physical activity
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participation for children with ADHD. For example, in a cross-sectional
investigation of boys ages-12 years receiving pharmacological treatment for
ADHD, time spent in moderate-to-vigorous physical activity over a 7-day period
was associated with better performance on tests of cognitive control (Gapin &
Etnier, 2010). This work shows a potential link between chronic activity
patterns and cognitive function in children with ADHD that warrants closer
examination through assessment of physical activity programming.

A few studies have employed physical activity programming as a primary
tool for addressing ADHD symptoms in children. Smith etal. (2013) piloted a
before-school physical activity intervention in a sample of medication naive
children ages 5-8 years at risk for ADHD based on expression of
hyperactivity/impulsivity symptoms. Participants completed a morning
program every school day for 8 weeks that exposed children to approximately
26 min of continuous moderate-to-vigorous physical activity per session.
Reductions were observed in the inattention/overactivity and oppositional/
defiant Iowa Conners (Loney & Milich, 1982) subscales as were improvements
in inhibition and peer interactions. A control group was not utilized in this
pilot investigation, requiring caution in forwarding conclusions about
benefits unique to children with ADHD or independent of normal
maturational change. Indeed, McKune, Pautz, and Lombard (2003) observed
improvements in the behaviors of children with ADHD as measured by the
Conners’ Parent Rating Scale (Goyette, Conners, & Ulrich, 1978) for both
those exposed to a 5-week afternoon exercise intervention and those in a non-
exercise control group. Another study, however, examining children ages 7—
12 years diagnosed with ADHD demonstrated group differences between
those exposed to a 45-min physical activity program 3 days per week over
10 weeks and control participants (Verret, Guay, Berthiaume, Gardiner, &
Béliveau, 2012). Specifically, those in the physical activity group showed
enhancements in information processing, visual search, and sustained
attention as well as reductions in social, thought, and attentional problems
as compared to controls (Verret etal., 2012). Itis possible that longer physical
activity exposure is necessary to demonstrate group differences, but this will
require more systematic investigation in light of the limited database and
shortcomings tied to group assignment in these particular studies. These
limitations noted, there is reasonable, collective evidence to justify more
intensive investigation of chronic physical activity as a potential intervention
strategy for producing enduring enhancements in cognitive and behavioral
manifestations of ADHD during development.

Challenges and Limitations of Promoting Physical Activity in Children With ADHD

Despite growing evidence for a beneficial relation between physical
activity and ADHD symptomology, several critical limitations present barriers
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to the promotion of physical activity in clinical practice or educational policy.
Promotion of such interventions is premature, given that the specific
characteristics and conditions of physical activity on cognitive and scholastic
performance in children with ADHD are not fully understood. Analogous to
the quantification of the effects of psychostimulants on children with ADHD,
continued research will offer evidence-based recommendations to influence
clinical and educational policies. Additionally, there is little understanding of
how various types of physical activity may differentially influence cognition
and scholastic performance of children with ADHD relative to their typically
developing peers. Such knowledge of the influence of various parameters of
physical activity (mode, frequency, intensity, duration) as well as the half-life
of resultant cognitive and behavioral enhancements is necessary to
understand in order to best compare effects to more traditional treatment
strategies for ADHD. This will enable examination of the transition from
acute exercise-induced enhancements to the more long-lasting enhance-
ments observed with chronic physical activity behaviors. Overall, addressing
these matters will allow for optimization of immediate benefits while more
rapidly incurring stable changes in behavior.

Recent findings suggest that physical activity also occurs less frequently in
children with ADHD, posing a challenge to employing physical activity
interventions. For example, Kim, Heo, et al. (2011) conducted a cross-
sectional analysis of children age 6-17 years included within the 2003
National Survey of Children’s Health, and found that children with ADHD
were less engaged in physical activity and organized sports than their peers. It
will therefore be important to determine the antecedents of and barriers to
physical activity behaviors in children with ADHD in order to develop
best practice recommendations for engaging this population. Because of
the potential value of physical activity for enhancing mental health and
scholastic performance in children with ADHD, careful consideration of
best practice methods to utilize this non-pharmaceutical treatment option
for this population is warranted.

AUTISM SPECTRUM DISORDERS

Autism Spectrum Disorders (ASDs) are a group of developmental
disabilities characterized by impairments across two domains of functioning
based on the DSM-5 (American Psychiatric Association, 2013). Specifically,
individuals with ASD exhibit deficits in social and communicative interaction
and restrictive or repetitive patterns of behavior and/or interests. Social
reciprocity, perspective-taking, and deficits in nonverbal communication
and in building flexibly appropriate social relationships are seen in children
with ASD. Impairments in communication may range from failure to acquire
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any speech, a need for alternative communication methods, use of
stereotyped speech, echolalia, and/or simply having difficulty following
typical rules of conversation. Individuals with ASD can exhibit repetitive
movements or utterances, repetitive use of objects, unusual or all-consuming
interests, and compulsive, rigid, ritualistic behaviors such as insisting on
sameness. Impairments are typically present within an early developmental
period, although many high functioning persons with an ASD are not
diagnosed until much later, when social demands exceed their capacity.
Atypical development of cognitive functioning, learning, attention, and
sensory processing are also associated with ASD (Rice, 2009). The phrase
“spectrum disorders” is used to indicate that ASDs encompass a range of
behaviorally defined conditions including those previously referred to as
Asperger disorder, and Pervasive Developmental Disorder-Not Otherwise
Specified (PDD-NOS).

In 2000, the CDC organized the Autism and Developmental Disabilities
Monitoring Network to provide a better understanding of the prevalence
and public health impact of ASD in the United States. Using a multiple-
source, records-based surveillance methodology to conduct retrospective
review of data from multiple education and health facilities, the best
estimate of ASD prevalence is approximately 1 in every 88 children in the
United States (Rice, 2009). Most troubling is that the prevalence of ASD has
increased by 23% since 2006 and 78 % since 2002 according to data from the
Autism and Developmental Disabilities Monitoring Network (Baio, 2012).
Whereas such dramatic increases in prevalence in a relatively short period
of time likely reflect a combination of broadening diagnostic concepts,
greater awareness and accessing of services, refinement in methodology,
as well as a true increase in prevalence of ASD symptoms; these data speak
to the potential public health burden of this neurobehavioral disorder
(Baio, 2012).

Preliminary findings from research funded by Autism Speaks, a leading
autism science and advocacy organization, suggest that ASD has a societal cost
of over $125 billion per year, triple the cost present in 2006, with 95% of these
costs subsidized by state and federal governments (Knapp, Romeo, &
Beecham, 2009). Beyond economic burdens, caregivers of individuals with
ASD also incur burdens related to disruption of routines, time and energy
spent dealing with the health care system, negative interactions with service
providers, neglect of self and other family member needs, restriction of social
activities, and impaired relations with non-family members (Khanna et al,,
2011). Unsurprisingly, several studies show caregivers of children with autism
to have greater stress, anxiety, and depression than parents of typically
developing children or children with other developmental disorders
(Abbeduto et al., 2004; Hastings & Johnson, 2001; Smith, Seltzer, Tager-
Flusberg, Greenberg, & Carter, 2008).
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Single Bouts of Physical Activity as a Tool in the Treatment of ASD

Non-pharmaceutical management strategies for ASD have predominately
focused on stimulating the development of skills related to cognition,
language, and social interaction, and the suppression of negative behavioral
patterns such as rigidity and stereotypical movements (Koenig et al., 2010).
Given previous research in neurotypical participant populations, which has
observed positive relations between physical activity behaviors and some of
these factors, physical activity may serve as an effective supplement to
treatment. A recent review (Lang et al., 2010) examined 18 studies of the
effects of single bouts of physical activity—predominately jogging and aerobic
activities—on individuals diagnosed with ASD. Acute bouts of physical activity
were found to be effective in reducing stereotypical behaviors associated with
ASD and enhancing classroom behaviors. For example, a small preliminary
study by Kern, Koegel, and Dunlap (1984) examined the effects of different
types of exercise on stereotypical mannerisms (i.e., intense staring, nasal
vocalizations, flapping of fingers/hands/arms, jerking or shaking of body,
and forward and backward rocking) in three children (aged 7, 11, and 11
years) with autism. The experimental protocol involved alternating 15 min of
two different types of physical activity with 90-min periods of observation.
Findings revealed a 26% decrease in stereotypic responding following 15 min
of mildly strenuous jogging, but not ball throwing, with stereotypic
responding decreasing below baseline levels after each bout of jogging
(Kern et al., 1984). Utilizing a similar research design, Celiberti, Bobo, Kelly,
Harris, and Handleman (1997) observed a 31% reduction in physical self-
stimulation behaviors in a single 5-year, 9-month-old participant with mild to
moderate autism following just 5min of moderate intensity jogging. Self-
stimulating behaviors remained below baseline levels for the entire 40-min
observation period (Celiberti et al., 1997).

Beyond benefits associated with stereotypic behavior, research also
suggests that single bouts of exercise might be effective in enhancing
classroom performance for children with ASD. Rosenthal-Malek and Mitchell
(1997) observed enhancements in appropriate responding and task
completion in a mock classroom environment following a 20-min bout of
moderately intense jogging, relative to following 20min of academic
instruction, in a sample of five adolescents with autism. Similarly, Kern,
Koegel, Dyer, Blew, and Fenton (1982) examined the effect of single bouts of
physical activity on classroom behavior in a sample of seven preadolescent
children with autism using a simultaneous-treatments design occurring over a
21-day span. Findings revealed that 15-20 min of moderate intensity jogging
reduced off-task behaviors and increased compliance with instructions
relative to baseline measures (Kern et al., 1982). Although the small sample
sizes of these investigations limit the generalizability of findings, repeatedly
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examining the effects of exercise within the same participant provides
support for the stability of the behavioral benefits incurred by physical activity.
Given the consistency of the observed findings, single bouts of moderately
intense aerobic activity appear to be effective in reducing stereotypical
behaviors and enhancing classroom behaviors in children with ASD.

Despite evidence that single bouts of aerobic physical activity benefit
children with ASD, current educational practice may limit opportunities for
these children to be active during school. Similar to educational practices
used with children possessing other developmental disabilities, physical
activity opportunities such as physical education and recess are often reduced
or ecliminated for children with ASD to provide additional classroom
instruction (Pan, 2008). In some cases academic professionals treat physical
activity opportunities only as rewards for positive classroom behavior.
However, beyond failing to utilize physical activity to mitigate problematic
behaviors, limiting physical activity time also limits opportunity for children
with ASD to socialize with their peers (Pan, Tsai, & Hsieh, 2011). Physical
activity time may offer the best opportunity to reinforce social skills, yet a
growing body of research suggests a negative feedback loop for children with
ASD, with failures to socialize resulting in them removing themselves from the
few physical activity opportunities that are available (Pan etal., 2011). Indeed,
research using objective accelerometer-based measures shows children with
ASD to engage in less physical activity during inclusive recess settings than
their peers (Pan, 2008).

ASD and Chronic Physical Activity Behaviors

Beyond the influence of a single bout of physical activity, a recent meta-
analysis of 16 investigations suggested that repeated bouts of exercise result in
more persistent improvements in social skills and reductions in stereotypical
behaviors in children with ASD (Sowa & Meulenbroek, 2012). Utilizing a 10-
week water-based exercise program, Pan (2010) observed reductions in anti-
social behaviors in a sample of 16 preadolescent children with ASD as well as
parent-reported improvements in their child’s self-confidence and self-
efficacy toward social and athletic opportunities. Importantly, these improve-
ments persisted for 10 weeks following the intervention. These findings are
consistent with the observations of Duroniji¢ and Valkova (2010), who used
qualitative and quantitative methodologies to examine the effects of 60 min of
physical activity twice a week for 8 weeks on children with ASD. The
intervention resulted in improvements in both motor and social skills.
Chronic engagement in physical activity also appears to have implications for
classroom behaviors within this population. Nicholson, Kehle, Bray, and Van
Heest (2011) observed improvements in academic engagement and
participation in a sample of four preadolescent males with ASD following a
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5-week jogging intervention. Collectively, these findings speak to the value of
sustained physical activity engagement by children with ASD.

Challenges and Limitations of Promoting Physical Activity in Children With ASD

Although the research literature suggests a beneficial relation between
physical activity and ASD symptomology, there are a number of limitations
that present barriers to translating this work to the promotion of physical
activity in clinical practice. One limitation is that most investigators only
characterize their participants as falling within the broad diagnostic umbrella
of ASD. There is substantial heterogeneity within this diagnostic classification,
with some children exhibiting high functioning behaviors with Autistic
tendencies and others displaying more severe symptomologies. It may be
beneficial to parse the effects of physical activity in relation to specific
characteristics of the sample population based on DSM-5 criteria. For
example, DSM-5 severity specifies indicating the severity of primary symptoms
should be included, as well as data indicating other dimensions of the
spectrum such as level of intellectual functioning, degree of language
impairment, association with specific primary genetic or medical disorder,
and the presence of additional comorbid features such as inattention or
anxiety. Though extant work has demonstrated remarkably similar positive
benefits of physical activity, as research within this area progresses it is
necessary to more precisely classify participants and employ larger sample
sizes to allow for confident generalization of findings.

Despite the benefits associated with physical activity, getting children with
ASD to engage in exercise can be challenging. Obrusnikova and Miccinello
(2012) identified a series of factors that parents perceived as impacting the
physical activity participation of their children with ASD. The primary
perceived barriers to physical activity—identified by over two-thirds of the
respondents—were psychosocial (i.e., negative affective reactions, decreased
engagement, teasing/bullying, social isolation). This likely stems from
children with ASD limiting their engagement in physical activity or
preferentially engaging in more solitary sedentary activities because of their
lack of social success in game-playing (Pan et al., 2011). Thus, research into
how to specifically engage children with ASD in physical activity is necessary
because a child who is unwilling to engage in physical activity cannot incur the
associated benefits.

Although group-based physical activity intervention is intuitively appeal-
ing for ASD, the efficacy of such treatment strategies is not yet fully known.
Some insight can be gleaned from a recent meta-analysis, which parsed
interventions into those of a solitary nature and those with more than one
participant and clear interaction amongst participants (Sowa &
Meulenbroek, 2012). Contrary to a priori expectations, findings indicated
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that solitary interventions produced better results. Group-based interventions
resulted in a 36% improvement in motor skills and a 26% improvement in
social skills, whereas solitary interventions showed improvements of 48% and
71%, respectively (Sowa & Meulenbroek, 2012). One interpretation of these
findings is that solitary interventions may offer the advantage of individual
tailoring to match the specific needs of the child while avoiding potential
sources of interpersonal stress (i.e., difficulties in communicating with a
group and unpredictable events that result in perceived lack of control).
Additionally, perhaps these solitary interventions allow for more expressive
communications resulting from the formation of deeper interpersonal bonds
between the participant and intervention leader (Sowa & Meulenbroek,
2012). However, the group-based investigations included within this meta-
analysis all utilized very few participants and did not intentionally program for
interaction between participants. Thus, further research is necessary to
determine if group-based physical activity interventions can be constructed in
ways that increase participation and improve results. Finally, a greater
understanding of the specific dose-response relationship between physical
activity and ASD symptomology—including identification of the most
effective mode, frequency, intensity, and duration of physical activity—will
be key to establishing physical activity as a tool in the treatment of ASD in both
practice and policy (Celiberti et al., 1997; Kern et al., 1984).

DEVELOPMENTAL DISORDER ETIOLOGY AND PHYSICAL ACTIVITY

The conceptualization of developmental disorders has been moving away
from categorical and toward a dimensional nosology, in part because of the
substantial comorbidity of symptoms among disorders (Tannock, 2013). In
particular, symptoms of inattention and hyperactivity are frequently seen not
only among children with ADHD, but also with ASD (Grzadzinski et al., 2011;
Reiersen & Todd, 2008), dyslexia (Boada, Willcutt, & Pennington, 2012),
mathematics disability (Geary & Hoard, 2005), as well as a wide variety of
externalizing and internalizing disorders (Yoshimasu et al.,, 2012). The
prevalence of comorbid ADHD in individuals with a primary diagnosis of an
ASD ranges from 28% to 50% in population- and community-based studies
(Montes & Halterman, 2007; Ronald, Simonoff, Kuntsi, Asherson, & Plomin,
2008; Simonoff, Taylor et al., 2008). The frequent presence of impairment in
all three ASD domains of social deficits, communication, and stereotyped
behaviors in individuals with an ADHD diagnosis has also been noted (Reiersen
& Todd, 2008; Santosh & Mijovic, 2004). Given the comorbidity of ADHD
symptoms with so many other disorders, future research should begin to
explore how both acute and chronic physical activity may modulate the
symptomology and underlying etiology among these disorders.
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Understanding relations between physical activity and specific develop-
mental disorders may also provide a means of targeting underlying etiologies.
Although speculative, if physical activity selectively benefits a subset of
developmental disorders then it may be possible to use physical activity as part
of the diagnostic process or at least as a treatment option for a subset of
symptomologies. In particular, the staggering variety of endotypes and
phenotypes for autism has made it difficult to find common neural pathways
that can adequately explain the spectrum characteristics in a unified way.
Whereas the neurobiological mechanisms associated with ADHD and ASD are
still not fully understood (Konrad & Eikoff, 2010; Schaaf & Zoghbi, 2011), itis
apparent that there is some overlap in functional dysregulations in the brain
for these disorders. Indeed, neuroimaging studies have indicated similar
patterns of dysregulation for both ADHD and ASD in the prefrontal cortex
(Just, Cherkassky, Keller, Kana, & Minshew, 2007; Smith, Taylor, Brammer,
Halari, & Rubia, 2008), anterior cingulate cortex (Kana, Keller, Minshew, &
Just, 2007; Smith, Taylor et al., 2008), and large-scale neural networks such as
the default-mode network (Assaf et al., 2010; Castellanos et al., 2008) and
fronto-parietal circuit (Castellanos & Proal, 2012; Kana et al., 2007).
Consonant with such impairments across neural regions and networks
involved in regulating goal-directed behavior, deficits in cognitive control—
particularly inhibition—are characteristic of children with ADHD and are
common in children with autism (Geurts, Verté, Oosterlaan, Roeyers, &
Sergeant, 2004; Nydén, Gillberg, Hjelmquist, & Heiman, 1999; Pennington &
Ozonoff, 1996).

Previous research across the lifespan has shown physical activity and
cognition to be more strongly associated for aspects of cognitive control than
for other aspects of cognition (Colcombe & Kramer, 2003; Hall, Smith, &
Keele, 2001; Hillman, Buck et al., 2009; Kamijo et al., 2011; Kramer,
Colcombe, McAuley, Scalf, & Erickson, 2005; Kramer et al., 1999; Pontifex
et al.,, 2011). Accordingly, physical activity behaviors may be particularly
salient for neural systems underlying aspects of cognitive control (see
Hillman, Erickson, & Kramer, 2008 for a review). Indeed, individuals with
greater chronic physical activity participation and aerobic fitness levels show
both structural and functional changes within the brain (see Chapter 3)
characterized by increased tissue volume in the prefrontal and temporal
cortices (Colcombe et al.,, 2004, 2006), portions of the basal ganglia
(Chaddock, Erickson, Prakash, VanPatter et al., 2010), and the hippocampus
(Chaddock, Erickson, Prakash, Kim et al., 2010). They also show a greater
ability to recruit neural resources in the frontal and parietal regions
(Chaddock et al., 2012), and increased coherence across the default-mode
and fronto-parietal networks in association with chronic exercise training
(Voss et al., 2010). Because there appears to be some specificity of physical
activity on these neural systems, populations that exhibit symptomologies
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arising from dysregulation of these cognitive systems and processes may
benefit from physical activity interventions.

Endophenotypic models have emerged as a method for describing the
many variations in presentation of autism spectrum disorders. Whereas some
ASD-related syndromes can be clearly mapped to specific genes (e.g., 15q
duplication, 22q deletion, Angelman syndrome, and Fragile X; Abrahams &
Geschwind, 2008), autism has also been linked to in utero toxins such as
sodium valproate—used to control seizures (Christensen etal., 2013), low-birth
weight (Johnson et al., 2010), and hundreds of de novo genetic mutations
(Schaaf & Zoghbi, 2011). Moreover, approximately 70% of children with ASD
have cases considered idiopathic, with no known cause associated (Schaaf &
Zoghbi, 2011). Despite this heterogeneity in potential etiology, genetic markers
for impaired transport of dopaminergic neurotransmitters (DAT1) and
dysregulated brain-derived neurotrophic factor expression (BDNF) have
been implicated across a number of developmental disorders including both
ASD (Cheng etal., 2010; Previc, 2007) and ADHD (Gadow, Roohi, DeVincent,
Kirsch, & Hatchwell, 2009; Li, Sham, Owen, & He, 2006). Dysregulation of
these genetic markers have been linked to problems in attention and
motivation in adults with ADHD (Shim et al., 2008; Volkow, Wang, Newcorn,
etal., 2010) and may in part explain problems with inattention to low salience
tasks such as schoolwork and why novel events and changing rewards assist
children with ADHD to stay focused. Pharmacological treatments using
psychostimulants for ADHD (e.g., methylphenidate) and atypical antipsy-
chotics for ASD (e.g., resperidone) both exhibit mechanisms of action that
serve to regulate the release of neurotransmitters such as dopamine (Antshel,
Hargrave, Simonescu, et al., 2011) as well as modulate BDNF expression (Tan,
Zhou, Cao, Zou, & Zhang, 2005). Although there is evidence to suggest that
dopamine expression may be modulated by exercise (Vucckovic et al., 2010),
BDNF might provide a more promising mechanism by which physical activity
benefits these developmental disorders. A substantial body of literature has
implicated BDNF in exercise-induced enhancements in cognition (see Gomez-
Pinilla & Hillman, 2013 for a review). Accordingly, a promising avenue for
future research may be to begin examining the extent to which physical activity
may modulate BDNF expression within these developmental disorders and
how these modulations relate to overt symptomologies.

Although this review has focused on the relationship between physical
activity behavior and developmental disorders, such behaviors do not occur in
isolation of other lifestyle factors which may modulate—or perhaps mediate
—these relationships. As highlighted in Chapter 4 of this monograph,
physical activity, obesity, and nutrition are highly related constructs which all
appear to influence cognition. Further, an emerging literature indicates that
nutritional deficiencies may partly underlie aspects of ADHD and ASD. For
example, a recent systematic review of the literature suggests that vitamin D
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deficiency may function as an environmental trigger for some endotypes of
ASD (Kocovska, Fernell, Billstedt, Minnis, & Gillberg, 2012). Also, findings
from a 3-month intervention indicate that supplementation of flax oil and
vitamin C reduced hyperactivity in a sample of 30 children with ADHD (Joshi
et al.,, 2006), though further research is necessary to determine if the
reductions stemmed from the supplementation or maturational processes.
No placebo control group was included in the study. Beyond vitamin
deficiencies, abnormal fatty acid and membrane phospholipid metabolism
are indicated within neurodevelopmental disordered populations. Preado-
lescent boys with ADHD have been shown to exhibit reduced essential fatty
acids, such as DHA, relative to typically developing boys (Stevens et al., 1995)
and supplementation of Omega-3 fatty acids in a small pilot randomized
control trial reduced symptomatic behaviors in a sample of seven children
with ASD over a 6-week intervention relative to a similarly sized placebo
control group (Amminger et al., 2007).

Nutritional quality is another promising area of research in understand-
ing the relation between physical health and cognition in these clinical
populations. For example, in a sample of 1,172 adolescents followed from
gestation to 14 years of age as a part of the Western Australian Pregnancy
Cohort (Raine) Study, individuals with a diet high in total fat, saturated fat,
refined sugars, and sodium were more likely to have an ADHD diagnosis than
individuals engaging in healthier dietary patterns (Howard et al., 2011).
Consuming large quantities of takeout foods, red or processed meats, high-fat
dairy products and soft drinks was associated with a greater likelihood of
ADHD diagnosis relative to those who consumed these items less frequently.
Similarly, Evans et al. (2012) observed that children with ASD consume
greater quantities of energy-dense foods than typically developing children,
eating 33% more snack foods and drinking 50% more sweetened beverages.
Collectively, these findings provide emerging support for the consideration of
nutritional health as an important factor in understanding the underlying
etiology of these developmental disorders. As interest in the effects of physical
activity on developmental disorders continues to grow, it will be increasingly
important to understand how physical health factors such as diet, obesity, and
physical activity interrelate in these populations as well as in typically
developing populations. By taking a more integrative approach targeting
multiple aspects of physical health, the efficacy of such interventions for
treating symptomology associated with these disorders may be bolstered.

CONCLUSION

An emerging literature points to physical activity as a potential tool to
understand and treat developmental disorders such as ADHD, ASD, and
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others. This knowledge base has benefited from research at the intersection of
cognitive neuroscience and kinesiology that has flourished over the last
several decades. However, as this area of science continues to progress and
draw interest it will become increasingly worthwhile to integrate areas of
research relative to counseling, educational and clinical psychology,
educational administration, nutrition, special education, and teacher
education. Such collaborations will enable research in this area to capitalize
on existing interdisciplinary initiatives and provide the necessary evidence for
the formation of educational policies and clinical practices which may utilize
physical activity and overall physical health as a means of enhancing brain
health and cognition during development. However, further research is
necessary across the range of developmental disorders to clarify the
generalizability of beneficial physical activity and health interventions across
populations, determine the transience of such benefits, and assess timing and
dosage issues relative to stages of human development.
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