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ABSTRACT

Research has found autistic children to be 40% more likely to be obese compared to their non-
autistic peers. Reduced physical activity (PA) is thought to be a contributing factor to the
increased prevalence of obesity in autistic children. This was one of the first studies to
investigate the PA behaviors of autistic children during an adapted physical education (APE)
class using accelerometry. The purpose of this study was to examine the PA of autistic children
and determine the relationship between PA and obesity. Participants were recruited from a
school for students with disabilities who participate in a once-weekly APE class at a large
Midwest university and grouped by weight classification (overweight or obese). PA was
measured by wearing an accelerometer during the one-hour visit. Height and weight data were
provided by participants’ teachers. Independent sample t-tests were used to compare group
differences. A correlation analysis was used to determine the relationship between PA and BMI
score. A simple linear regression analysis was used to determine the predictability of BMI score
based on PA. No significant differences were observed between groups and no relationship
between PA and BMI were observed.

KEYWORDS: autism, physical activity, accelerometry, adapted physical education, body mass
index
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INTRODUCTION

Autistic children tend to have more health complications than non-autistic children, but it
is not known why. Studies on the differences in physical activity (PA) of autistic and non-autistic
children have shown few, if any, differences (Ketcheson et al., 2018, Bandini et al., 2013;
Stanish et al., 2017). However, the designs of those studies excluded a large portion of the autism
community. This research aims to assess the PA behaviors of autistic children, as well as to
determine whether PA can be used to predict weight classification in autistic children. This
chapter will provide an introduction to the study by first discussing the background and context,

followed by the purpose of the study, and finally, the significance of the study.

Autism

Autism is characterized by a differential profile of social communication skills and
repetititive behaviors that vary in presentation (Lord, et al., 2018). In 2013, the American
Psychiatric Association (APA) updated its Diagnostic and Statistical Manual of Mental
Disorders. Included in the update was a change to the diagnostic criteria for autism spectrum
disorder, combining the diagnoses of autism, Asperger’s, and pervasive developmental disorder-
not otherwise specificed into the singular diagnosis of autism (American Psychiatric Association
[APA], 2013). According to the APA (2013), to receive a diagnosis of autism, a person must
show evidence of behaviors that differ from what is considered typical in each of the three
subdomains of social communication and deficits in at least two of the four subdomains of
restricted, repetitive patterns of behavior. Examples of deficits in social communication and

interaction include failure to initiate or respond to social interactions, lack of understanding and



use of gestures, and difficulty adjusting behavior to fit various social contexts. Examples of
deficits in restricted, repetitive patterns of behavior, interests, or activities include rocking back
and forth, ritualized patterns and extreme distress at small changes, strong attachment to unusual
objects, and adverse responses to specific sounds or textures (APA, 2013). The social and motor
differences, combined with co-occurring conditions, can make participation in physical activities
difficult for autistic people. As more information about autism has become known in recent

years, the diagnostic rate for autism has increased.

Diagnostic Rate of Autism

Two different methods have been used to estimate the diagnostic rate of autism in the
United States and both reached a similar conclusion. Maenner et al. (2021) used documented
diagnoses of 8-year-old children collected from 11 selected sites across the United States and
found a diagnostic rate of 1 in 44 children. An increase of 18.5% compared to the diagnostic rate
of 1 in 54 in 2016 (Maenner et al., 2021). In contrast, Xu et al. (2018) used parent-reported data
and a nationally representative sample that included children and adolescents aged 3—17 years
and found a diagnostic rate of 1 in 43 children (Xu et al., 2018). Although the true prevalence
rate of autism cannot be determined, it is known that autism is found in all populations.

The diagnosis of autism is seen in both males and females and across all racial, ethnic,
and socioeconomic backgrounds (Xu et al., 2018; Maenner et al., 2021). Currently, males are
four times as likely as females to be diagnosed with autism, and Caucasian children are more
likely to be diagnosed with autism compared to non-Hispanic Black, Asian/Pacific Islander, and
Hispanic children (Maenner et al., 2021). The discrepancies in diagnostic rates between males

and females and across racial, ethnic, and socieconomic backgrounds may be due to diagnostic



bias, biases held by healthcare professionals, social stigma, access to healthcare, or having a
primary language other than English (Hodges et al., 2020; Lumes et al., 2017). As more
information is learned about autism, diagnostic tools are improved, and access to evaluations
increases, it is expected that the diagnostic rate will increase, but it is not known by how much.
One area of autism research that may shed light on the prevalence rate of autism is the cause(s)

of autism.

Causes of Autism

Although significant advancements in research have been made, a direct or single cause
for autism has yet to be found. The leading hypothesis is that autism is influenced primarily by
genetic factors, with environmental factors being secondary (Hodges et al., 2020). Copy number
variants (CNVs) have been found to be significantly associated with autism, with approximately
5 to 15% of autistic people receiving autism genetically due to de novo CNVs (Pinto et al., 2010;
Sebat et al., 2007). CN'Vs are variations in the number of copies of a particular gene or DNA
sequence that can be found from one person to another, and a de novo CNV is a newly occuring
genetic mutation that was not passed from parent to child (Eichler, 2019). These variations
include duplications, an increase in number of copies, and deletions, or a decrease in number of
copies (Eichler, 2019). CNVs are much larger and four times more likely to disrupt genes in
autistic individuals compared to non-autistic individuals (Brandler et al., 2016). So far, a total of
226 validated CNVs have been observed in autistic individuals (Pinto et al., 2010), with autistic
females having a higher frequency of de novo CNVs compared to males (Levy et al., 2011).
Common CNVs associated with autism include deletions at the 16p11.2 locus, mutations of the

FMR1 gene (fragile X syndrome), and mutations of the MECP2 gene (Rett syndrome) (Zufferey



et al., 2012; Hatton, et al., 2006; Amir et al., 1999). With known genetic mutations making up a
small proportion of autism cases, researchers have turned to environmental factors for futher
information.

While there is no conclusive evidence that environmental factors cause autism, some
environmental factors have been shown to be associated with an increased risk of autism
(Gardener et al., 2009). Prenatal (before birth) environmental factors significantly associated
with autism include either parent being 30 years old or older, gestational diabetes or
hypertension, maternal bleeding during pregnancy, maternal medication, and high levels of stress
in the mother (Gardener et al., 2009). Perinatal (during and immediately after childbirth)
environmental factors associated with autism include gestation age of less than 37 weeks,
spontaneous labor, no labor, breech presentation, preeclampsia, and fetal distress (Wang et al.,
2017). Postnatal (after birth) environmental factors associated with autism include low birth
weight (less than 5 Ibs, 8 0z.), postpartum hemorrhage, male gender, and brain anomaly.
However, despite the significant associations between prenatal, perinatal, and postnatal
environmental factors and autism, evidence necessary to establish causal relationships is still
lacking (Wang et al., 2017). Regardless of its causes, of perhaps greater concern to autistic
individuals are the conditions associated with autism, one of which is being overweight or

having obesity.

Overweight and Obesity in Children
One method of measuring health and identifying individuals at risk of developing health
conditions is body mass index (BMI), which has been widely used due to its convenience and

ease of use (Gutin, 2019). BMI was first conceptualized in 1842 by Belgian mathematician,



Adolph Quetelet, and defined as mass in kilograms divided by height in meters squared, kg/m?
(Quetelet, 1842). Because children have different growth rates during different periods of
childhood, and growth rates differ between sexes, BMI classifications for children in the United
States are based on the 2000 Centers for Disease Control and Prevention’s growth charts
(Kuczmarski et al., 2002). Children and adolescents (ages 2—18 years) are considered overweight
when they have a BMI-for-age that is greater than or equal to the 85th percentile and less than
the 95th percentile, or 30kg/m?, whichever is smaller. Children and adolescents are considered to
have obesity when they have a BMI-for-age equal to or greater than the 95th percentile, or
greater than 30kg/m?, whichever is smaller (Krebs et al., 2007). The prevalence rates of children
that are overweight or have obesity have been increasing in recent decades, with the prevalence
rate of childhood obesity doubling in the past 30 years (Sanyaolu et al., 2019). Currently, an
estimated 16.1% of all children are overweight and 19.3% have obesity (Hales et al., 2018).
Although the trend for the general population is troubling, an even more troubling trend has been

found amongst autistic children.

Prevalence of Overweight and Obesity in Autistic Children

Studies have used various methods to examine the prevalence rates of overweight and
obesity in autistic children (Curtin et al., 2005; Curtin et al., 2010; Egan et al., 2013; Evans et al.,
2012). Using patient records of autistic children pulled from a tertiary clinic, a clinic specializing
in the evaluation and treatment of children with development disorders, researchers found that
19% of the children were overweight (Curtin et al., 2005). A second study using patient records
of autistic children pulled from a tertiary clinic found that 15.38% of the children were

overweight and 17.58% of the children had obesity (Egan et al., 2013). Using a sample from the



local community, researchers found that 17% of the autistic children were obese and 9% of the
non-autistic children were obese (Evans et al., 2012). Using a nationally representative survey
conducted by phone interview, researchers found the prevalence rate of obesity to be 30.4% in
autistic children and 23.6% for non-autistic children. Additionally, the researchers found that
autistic children are 40% more likely to have obesity than their non-autistic peers (Curtin et al.,
2010).

The prevalence rate of obesity in autistic children ranges from 17% (Evans et al., 2012)
to 30.4% (Curtin et al., 2010). The differences may be explained by the use of different methods
(objective measures vs. parental report) and/or that all three studies used a different sample pool
(clinic vs. local community vs. national survey). Further study in this area is needed to identify
the most valid and reliable method(s) to assess prevalence rates of overweight and obesity in
autistic children. Data collected through observational and cross-sectional studies suggests that
decreased participation in physical activity (PA) and increased sedentary behavior are two
factors that can be used to predict weight status (Must & Tybor, 2005), making PA a top priority

not just for autistic children, but all children.

Physical Activity

PA is defined as body movement produced as the result of skeletal muscle contractions
and is characterized by frequency (how often), intensity (energy expenditure), time, and type
(Must & Tybor, 2005). Measuring PA is typically achieved through objective measurements,
such as accelerometry, or self- or proxy-report using questionnaires (Jones et al., 2017).
Accelerometers detect and measure changes in direction and the data is stored as activity counts.

Intensity level of PA is determined by the number of activity counts per minute (cpm) or “cut



points.” Many sets of cut points have been developed and published in peer-reviewed literature;
however, the cut points for sedentary physical activity (SPA), light physical activity (LPA),
moderate physical activity (MPA), vigorous physical activity (VPA), and moderate-to-vigorous
physical activity (MVPA) vary across all of them (Trost et al, 2011). Although no standard set of
cut points has been established, the set of cut points developed by Evenson et al. (2008) has been
shown to have the greatest validity for children of all ages (Trost et al., 2011). The value of
accelerometers is that they provide an objective measurement of PA, both in terms of amount
and intensity level, removing the need to use subjective reporting methods or observations.

Despite the value of objective measurement that accelerometers provide, they have
limitations that could potentially impact results, especially for a population such as autistic
children. It is common for autistic children to engage in self-stimulating behaviors such as
rocking back and forth, hand flapping, or leg bouncing (Kapp et al., 2019). While all of these
behaviors require the contraction of skeletal muscles, and therefore constitute PA, they may not
be accurately captured by accelerometry (Must & Tybor, 2005). This could lead to an
overestimation of SPA and underestimation of LPA, obscurring the true PA behaviors of autistic
children. This becomes particularly relevant when determining whether or not autistic children
are being physically active enough to receive the benefits of PA and reduce their risk of

developing further health complications.

Guidelines and Benefits of Physical Activity
The physical activity guidelines (PAG) for children ages 6—17 years includes 60 minutes
of MVPA every day, muscle-strengthening exercise at least three days per week, and bone-

strengthening exercise at least three days per week (Bushman, 2019). PA can provide many



benefits to children, with and without complex needs. Positive health outcomes include weight
management, improved cardiorespiratory fitness, improved muscular fitness, and a reduction in
risk of developing chronic diseases (Piercy et al., 2020). PA has also been shown to improve
motor skills and cognition (Lang et al., 2010). In addition to the health benefits experienced by
all, PA has been shown to decrease stereotypies, aggression, and off-task behavior, and improve
sleep in autistic children (Alhowikan, 2016). Despite strong evidence that supports the
importance of PA for the health and wellbeing of all people, data from across the world indicate
that approximately half of non-autistic children and less than half of autisitc children are meeting
the PAG of 60 minutes of MVPA every day (Liang et al., 2020). The discrepancy between the
two groups can be explained by barriers autistic children experience that non-autistic children do

not experience.

Barriers to Physical Activity for Autistic Children

Barriers to exercise can be grouped into three categories: child/family barriers, social
barriers, and community barriers. Child/family barriers include a child’s motor skills, co-
occuring conditions, and family time constraints. Social barriers include a child’s social skills,
feelings of exclusion, amd having few friends. Community barriers include inadequate
opportunities, costs, and transportation (Must et al., 2015). In a study investigating the barriers to
PA experienced by autistic children, researchers found that 51% of the autistic children
experienced six or more barriers and 81% of the autistic children experienced two or more
barriers. In contrast, the average number of barriers reported by parents of non-autistic children
was less than one (Must et al., 2015). Of particular relevance to the performance of PA are motor

performance and motor skills.



Dewey et al. (2007) examined the motor performance of autistic children in comparison
to non-autistic children in the age range of 5-18 years. The autistic children demonstrated
significantly lower scores in both the motor performance skills assessment and the gestural
performance assessment compared to the non-autistic children. The lower scores on the motor
performance assessment can be attributed to differences in motor functioning; however, motor
functioning cannot explain the lower scores on the gestural performance assessment. Lower
scores in gestural performance are likely attributed to social communication, sensory, and/or
behavioral differences experienced by the autistic group that are not experienced by the non-
autistic group (Dewey et al., 2007). The social and motor differences, co-occurring conditions,

and other barriers can make participation in physical activities difficult for autistic people.

Subjective Assessments of Physical Activity Behaviors

Subjective assessments (e.g., questionnaires) have been used to assess the PA behaviors
of autistic children. Using a sample pulled from the 2011-2012 National Survey of Children’s
Health, researchers found that autistic adolescents were 60% less likely to participate in regular
PA (> three days per week) and 74% less likely to have participated in a sport in the past 12
months compared to non-autistic adolescents (McCoy et al., 2016). Studies using self-developed
questionnaires to investigate PA behaviors have found similar results. Bandini et al. (2013)
found that autistic children participated in significantly fewer types of activities and spent
significantly less time doing those activities in the previous year compared to non-autistic
children (Bandini et al., 2013). Stanish et al. (2017) grouped participants by age (<16 years, >16
years) and observed that austistic adolescents younger than 16 years participated in significantly

fewer regular activities (defined as > 12 times per year) compared to their non-autistic peers



during the previous year (Stanish et al., 2017). The results of these studies suggests that there are
behavioral differences when it comes to PA for autistic and non-autistic children. Unfortunately,
the questionnaire format of the assessments do not provide the data necessary to determine how
big or small the differences are. There is also the problem of studies using different
questionnaires, preventing direct comparisons across studies.

It is important to note that, to date, there are no validated questionnaires for PA for
autistic children (Lopez-Valverde et al., 2021). Therefore, researchers must carefully consider
the designs of the questionnaires they use. While asking parents to reflect back on just the
previous week can reduce bias and reporting error, it also limits the interpretation and application
of the results. On the other hand, while asking parents to reflect back on the previous year makes
the data more vulnerable to error, it allows for broader interpretation and application of the
results. Until a validated questionnaire is established, using a direct, objective method of
measurement, such as an accelerometer, is the only validated method to asses the PA behaviors

of autistic children (Trost et al., 2011).

Adapted Physical Education

Physical education (PE) is an academic subject designed to develop motor skills and
promote PA and physical fitness. Adapted physical education (APE) has the same objectives as
PE, but is modified and designed for students with disabilities (Block, 2016). Approximately
90% of students with disabilities in the United States participate in PE/APE classes alongside
students without disabilities (Hodge et al., 2012). Traditionally, research on APE has focused on
the perceived experiences of parents, teachers, and peers, giving little consideration to those that

are most affected—the students with disabilities. Although more recent literature has placed

10



greater emphasis on the experiences of students with disabilities—as opposed to the experiences
of caregivers and teachers—the focus is still on how people perceive experiences, rather than the
experiences themselves (Block et al., 2021). When trying to identify the needs and supports of
students with disabilities, their perception of their experiences—while extremely valuable—
cannot provide all of the necessary information. Of perhaps equal importance are the PA
behaviors that students engage in during PE/APA classes. Unfortunately, literature describing the
PA behaviors of autistic children specifically during PE/APE is scant. Future research focusing
specifically on the PA behaviors of autistic children during PE may be helpful in determining

their needs and supports.

Purpose Statement

The purpose of this study was to analyze the PA behaviors of autistic children and
determine if PA can be used as a predictor of BMI score in autistic adolescents. It was expected
that the participants would engage in more LPA than MVPA and that lower levels of PA would

be associated with higher BMI scores.

Significance of the Study

Two common themes in the research of PA behaviors of autistic children have been
observed. First, the exclusion of participants who are prescribed medications or diagnosed with
conditions that affect their dietary or PA patterns (Pan, 2008; Stanish et al., 2017, Bandini et al.,
2013, Rosser-Sandt & Frey, 2005). Second, including only autistic people without intellectual
disability (ID) and less complex needs (Pan et al., 2016; Pan et al., 2011; Pan, 2008; Rosser-

Sandt & Frey, 2005). While these exclusions make for neater data and easier conclusions, the

11



results represent only a small portion of the autism community. Approximately one-third to one-
half of autistic children are prescribed at least one medication that affects appetite (Siegel, 2012)
and almost half of autistic children have one or more medical conditions that could impact
dietary or PA patterns (Williams et al., 2004). To correct for the lack of representation in autism
studies, participants of the current study were not excluded on the basis of medication, medical
condition, or co-occuring disability, allowing for a more inclusive and more accurate assessment

of the PA behaviors of the autism population.
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LITERATURE REVIEW

Accelerometers are commonly used to measure PA because they provide objective data
that could not be obtained through subjective assessment methods. This synoptic literature
review will provide an overview of the relevant existing literature pertaining to accelerometry-
measured PA behaviors of autistic children in comparison to their non-autistic peeers, PE-
specific PA behaviors, and the relationship between PA and BMI. Each study discussed below is
described and evaluated in terms of methodological approach, limitations, and implications.
There are more studies investigating the PA behaviors of autistic children than just those
discussed below. However, since the focus of this research is PA behaviors during PE, these will

not be reviewed in detail and will only be referred to when appropriate.

Physical Activity Behaviors of Autistic Children

Ketcheson et al. (2018) investigated the PA behaviors of 53 children (ages 2—5 years)
using an ActiGraph GT3X+ accelerometer. The accelerometers were set to record data in 15-
second intervals (known as epoch length) and cut points established by Cliff et al. (2009) were
used to establish PA intensity levels. Participants were required to wear the acclerometer for 600
minutes/day for five days, including one weekend day. All 53 participants (34 autistic, 19 non-
autistic) met the inclusion criteria for accelerometry analysis. IQ scores, determined using the
Mullen Scales of Early Learning (Mullen, 1995) ranged from 4.44 to 67.10 for the autistic
children and from 75.69 to 162.03 for the non-autistic children. However, no diagnosis of ID was

reported for either group.
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Compared to the non-autistic children, the autistic children engaged in significantly
greater amounts of PA at all levels of intensity except for SPA. The autistic children also spent a
greater percentage of time engaged in LPA, MPA, and MVPA compared to the non-autistic
children (Ketcheson et al., 2018). The differences in percentage of time each group engaged in
LPA, MPA, and MVPA were statistically significant; however, the average difference was only
3.32%, with an average effect size of 0.53. However, wear time was not equal between groups,
with the non-autistic children averaging approximately 38 more minutes of wear time per day
compared to the autistic children. This would obviously affect the absolute amount and
percentage of time spent at each intensity level, but wear time alone cannot explain all
differences. Another likely contributor is the set of cut points chosen by the researchers. The
threshold of 800 cpm for LPA have been shown to be less accurate than the typical 101 cpm for
LPA, and is likely to underestimate LPA (Trost et al., 2011). The findings of this study contrast
the findings of studies using older children, but it is not known if these results represent a true
age-related difference between younger and older children, or are simply the result of the study
design.

Bandini et al. (2013) examined the PA behaviors of autstic and non-autistic children
(ages 3—11 years) using an Actical accelerometer. The epoch length set to 30 seconds and cut
points established by Puyau et al. (2004) were used to define PA intensity levels. Participants
were required to wear the accelerometer for a minimum of 600 min/day for three weekdays and
one weekend day. A total of 46 autistic and 54 non-autistic children wore the accelerometer, but
only 35 autistic and 47 non-autistic children met the criteria to be included in the accelerometry
analyses. After controlling for age and sex, the researchers found that the non-autistic children

participated in significantly more MPA (1500-6499 cpm in this study) and for longer periods of
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time compared to the autistic children, but only during weekdays. BMI-z score was not found to
be significantly related to total activity counts or time spent in MVPA; however, data regarding
the relationship between PA and BMI was not reported (Bandini et al., 2013). The fact that a
significant difference was only found during weekdays and not weekend days could be
attributable to non-autistic children being more likely to participate in after-school programs
such as sports (McCoy et al., 2016; Must et al., 2015). The non-autistic group averaged 21,118
more counts in MVPA and 23,568 more total activity counts compared to the autistic group, but
the mean differences in minutes and percentage of time spent in LPA and MVPA were
neglibible. The researchers did not provide either total or average wear time, nor did they
provide data for SPA, making the reason for the large difference in activity counts impossible to
determine. On the surface, the results of this study would indicate that autistic and non-autistic
children are quite similar.

The remarkable similarity between the two groups in this study can easily lead to the
conclusion that there are no differences in the PA behaviors of autistic and non-autistic children,
at least not between the ages of 3 and 11 years old. However, it could be reasoned that the
remarkable similarities found in this study are due to the remarkably similar sample, a direct
result of the inclusion criteria. By excluding participants with diseases or disorders that could
affect dietary and/or PA habits, combined with excluding participants taking medications known
to affect appetite, the researchers included only autistic children that are most similar to non-
autistic children. It should be no surprise that two similar groups of people would have similar
PA behaviors. For an article that is treated as foundational in this area of research, having been
cited more than 100 times, its application is severly limited. More inclusive studies provide more

information and have a greater generalizability.
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Stanish et al. (2017) also used the Actical accelerometer, a minimum of 600 min/day for
three weekdays and one weekend day, and the cut points established by Puyau et al. (2004).
However, they used an epoch length of 15 seconds. A total of 35 autistic and 60 non-autistic
adolescents (ages 13-21 years) participated in the study, but only 29 autistic and 55 non-autistic
adolescents met the criteria to be included in the accelerometry analyses. Analysis of the
accelerometry data revealed that total activity counts and time spent in MVPA for autistic
adolescents were significantly lower than the activity counts for non-autistic adolescents. In
addition to the statistical significance, the mean differences between the two groups were also
large. The non-autistic group averaged 69,009 more activity counts and 20.9 more minutes in
MVPA (defined as >1500 cpm in this study) compared to non-autistic adolescents (Stanish et al.,
2017). Although this study used a similar protocol as Bandini et al. (2013), the use of two
different epoch lengths prevents us from knowing if the differences in outcome variables were
due to age, the epoch length, or a combination of factors. A strength of this study is that 18 of the
autistic participants also had an ID. Unfortunately, no comparisons were made between autistic
children with and without an ID, or between autistic children with an ID and non-autistic
children.

The three studies discussed thus far assessed the daily PA behaviors of children. While
data on total daily PA behaviors is valuable, all children are not afforded the same opportunities
to be physically active. Choosing to be inactive or to engage in SPA is different from not having
an opportunity to be physically active. One method of determining if measurable differences in
PA behaviors exist between autistic and non-autistic children is to measure their PA behaviors in
a controlled environment in which all participants are provided the same opportunities to be

physically active.
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Physical Activity Behaviors of Autistic Children During Physical Education

Few studies have looked at the PA behaviors of autistic children during PE, a controlled
environment in which all, or nearly all, children are provided the same opportunities to be
physically active. Rosser-Sandt and Frey (2005) conducted one of the first studies to investigate
PA behaviors of autistic children during PE using accelerometry. The researchers used the MTI
7164 accelerometer with an epoch length of 60 seconds. PA intensity level was determined by
metabolic equivalants (METs): LPA (<3.0 METs), MPA (3.0-5.9 METs), VPA (6.0-8.9 METs),
and very VPA (>9.0 METs). The study included 15 autistic children and 13 non-autistic children
and assessed PA using both accelerometry and direct observation (Rosser-Sandt & Frey, 2005).
Although the differences were non-significant, autistic children engaged in 3.9 fewer minutes of
MVPA during PE compared to non-autistic children (Rosser-Sandt & Frey, 2005). This
difference may be attributable to autistic children averaging 2.58 fewer minutes of PE compared
to their non-autistic peers. PE attendance also was not equal across groups, with 77% of the
autistic children and 69% of the non-autistic children attending PE classes four days a week. The
researchers did not provide data for any other level of PA. Although the amount of data reported
in this study was minimal, the researchers did provide several observations regarding PA
behaviors. The autistic children frequently sat down or stood around while waiting for activities
to begin, they required additional verbal and physical prompts to complete activities, and several
received instruction from special education teachers that were not certified to teach that content
area (Rosser-Sandt & Frey, 2005). These observations, while not measurable, provide valuable

context for data that are measurable. Although this study provided a mostly equal environment in
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which to compare PA behaviors, further controlling for frequency and duration of PE would
allow for more accurate comparisons.

Pan et al. (2011) used the GTIM ActiGraph accelerometer with an epoch length of 10
seconds. PA intensity level was determined by METs: MPA (3.0-5.99 METs), VPA (6.0-8.99
METs), and very VPA (>9.0 METs). A total of 19 autistic and 76 non-autistic adolescents with a
mean age of 14 years participated in the study. Participants wore the accelerometer for two 45-
minute inclusive PE classes during the same week. The only statistically significant finding was
that non-autistic adolescents averaged 9.62 more steps per minute compared to their autistic
peers. Other notable findings were that non-autistic adolescents averaged 485 more cpm and
spent 8% more time engaged in MVPA compared to the autistic group (Pan et al., 2011). Two
limitations of this study should be noted. All participants were male and none had an ID or co-
occuring conditions. Although the generalizability of the results are reduced due to the
limitations of the study, this is one of the few studies to find measurable differences between
autistic children without complex needs and non-autistic children. These findings seem to
suggest that even during PE, when equality of opportunity to be physically active is given, that
autistic children are less active than their non-autistic peers. This would suggest that decreased
PA is not simply a choice or matter of opportunity—although those two factors certainly play a
role—but is part of being autistic. This aspect of autism may help explain the increased

prevalence rate of overweight and obesity in the autism community.

Relationship Between Physical Activity and Body Mass Index
Garcia-Pastor et al. (2019) compared weight classification to PA for 29 autistic children

(ages 7—12 years) and 15 autistic adolescents (ages 13—18 years). PA was assessed using the
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GTIM ActiGraph accelerometer with an epoch length of 60 seconds. A minimum weartime of
600 minutes/day for four consecutive days, including one weekend day were required to be
included in the analysis. The set of cut points established by Evenson et al. (2008) were used to
establish PA intensity levels. The researchers found that autistic children and adolescents that are
overweight or have obesity engaged in significantly lower levels of MVPA, fewer steps, and
higher levels of SPA during weekends compared to autistic children and adolescents of normal
weight (Garcia-Pastor et al., 2019). The results were the same for weekdays, but they did not
reach significance. Unfortunately, the researchers presented the data in the form of bar graphs
and the exact values for each variable and each weight classification cannot be determined. Other
studies have investigated the relationship between PA and BMI with mixed results.

MacDonald et al. (2011) split autistic children into two age groups, 9—-11 years (n = 42)
and 12-18 years (n = 30). Both groups met the PAG of 60 minutes of MVPA and none were
considered overweight or to have obesity (MacDonald et al., 2011). Pan et al. (2016) compared
35 autistic children to 35 non-autistic children ages 12—17 years. No correlation between PA and
BMI was observed, but the researchers found that those who met the PAG of 60 minutes of
MVPA had higher BMIs than those that did not meet the PAG (Pan et al., 2016). Considering the
participants who met the PAG also scored higher on the physical fitness assessments than those
who did not met the PAG, it may be presumed that higher BMI was a consequence of greater
physical fitness, not just amount of PA. It should be noted this study included only males and
none of the participants had an ID, a co-occuring condition that could interfere with PA, or
received treatment with psychotropic medications. It is not known if these findings would hold

true for females and/or autistic children with more complex needs.
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The reviewed literature suggests that autistic children are less physically active overall
and engage in more low-intensity PA than their non-autistic peers. This difference is observed
when looking at total daily activity, which may be skewed due to decreased opportunity for
autistic children, as well as during PE, where opportunity to be physically active is equal for both
groups. It also suggests that there is a relationship between PA and BMI. A major limitation of
this literature review is that most studies excluded autistic people with complex needs. The
current study seeks to remedy that and to investigate whether the conclusions reached in the

reviewed literature hold true for a wider segment of the autism community.
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METHODS

Participants

The researchers obtained approval from the Missouri State University IRB (IRB-
FY2022-189, 12/20/2021) prior to recruiting participants (see, Appendix: IRB Approval
Notice).The participants were recruited from a school for students with disabilities in the
Midwest region of the United States. Participants were included if they had a diagnosis of autism
from a qualified professional and could tolerate wearing an accelerometer. Approximately 14
students who received services at the school and participated in an once-weekly APE class at a
local university were invited to participate in the study. A parental consent form was distributed
to parents through the school’s teachers. The parental consent form included information about
the proposed study, a description of its protocols, any risks or benefits, as well as the contact
information for the primary researcher. Child assent was not required for this study.

The parents of all 14 students returned parental consent forms. The participants were a
mix of males (n = 10) and females (n = 4), ranging in age from 12 to 18 years, and have received

a diagnosis of autism by a qualified healthcare professional.

Measures

Age, height, and weight data were provided by students’ teachers. BMI was determined
by dividing body mass in kilograms by height in meters squared (kg/m?). PA data was recorded
using an accelerometer (ActiGraph GT9X, ActiGraph Corporation, Pensacola, FL). The

accelerometer was set to record activity counts every 15 seconds and cutoff points for PA levels
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were <100 cpm for SPA, 101-2,295 cpm LPA, 2,296—4,011 cpm for MPA, and >4,011 cpm for

VPA (Evenson et al., 2008).

Procedures

Participants were asked to wear an accelerometer in an elastic belt on their right hip
during their weekly one-hour PA session on the university campus. The accelerometer was worn
for four 1-hour sessions over the course of six weeks. At the start of each session, the
accelerometers were attached by aides that work with the students. The researchers monitored
the placement of the accelerometers throughout the session to ensure they were in the proper
location and adjustments were made when necessary. The accelerometers were removed at the
end of each session and the data were downloaded immediately. All data were stored within the
ActiLife software on a password protected computer inside of a locked office. Only the
researcher and the researcher’s supervisor had access to the data. Participants were not asked to
perform specific tasks or exercises by the researchers. Typical activities the participants chose to
engage in were walking, riding a tricycle, playing catch, kicking a ball, and shooting a
basketball. Calculated BMI classified all participants as either overweight or having obesity.
None of the participants were classified as either normal or underweight. Thefore, for the
purpose of data analysis, all participants were grouped according to their weight classification,

overweight or obese.

Data Analysis
Demographic characteristics (age, height, weight, and BMI) were compared using

independent sample #-tests. Independent sample # tests were used to determine group (overweight
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and obese) differences for each level of PA. The Pearson correlation coefficient () was
computed to examine the bivariate relationships between accelerometry-measured activity levels
and BMI. Significance for all statistical analyses was set at p <.05. Values are reported as mean

(standard deviation).
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RESULTS

All participants completed the study. Participants were grouped based on weight
classification as either being overweight or having obesity. None of the demographic variables
differed significantly between the overweight adolescents and the adolescents with obesity

(Table 1).

Table 1. Demographic characteristics of overweight and obese autistic adolescents.
Overweight (n=4) Obese (n =15)

Mean (SD) Mean (SD) p MD

Age (years) 16 (2.71) 14.20 (1.79) 268 1.80

Height (m) 1.69 (.15) 1.62 (.091) 413 .068
Weight (kg) 74.50 (14.98) 96.25 (33.01) 266 21.750
BMI (kg/m?) 25.95 (2.38) 36.42 (11.97) 133 10.47

Note. SD: standard deviation; MD: mean difference.

Accelerometry

PA level was measured directly by accelerometry. Overall, nine (64%) participants wore
an accelerometer during at least one session, three (21%) wore an accelerometer during two
sessions, three (21%) wore an accelerometer during three sessions, and four (28%) wore an
accelerometer during all four sessions. The absolute amount of time and the percentage of time
that participants spent in SPA, LPA, MPA, and VPA are presented in Table 2. No significant
differences in absolute time or percentage of time spent in any level of PA between the two

groups were observed.
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Table 2. Physical activity levels among overweight and obese autistic adolescents.

Overweight (n=4) Obese (n=15)

Mean (SD) Mean (SD) p MD
Total Minutes

SPA 28.13 (24.24) 38.80(19.30) .48  10.68
LPA 75.50 (64.19) 59.05 (24.08) .66  16.45

MPA 19.44 (9.28) 18.60 (9.01) .90 .84
VPA 2.63 (2.50) 6.40 (6.30) 30 3.78
MVPA 22.06 (9.31) 25.00 (14.50) .74 2.94

Percentage of Total Time

%SPA 20.76 (5.10) 32.30(11.97) .10  11.54
%LPA 54.19 (16.13) 47.10 (13.17) .49 7.09
%MPA 23.11 (19.61) 16.05 (7.38) A48 7.06
%VPA 1.94 (.91) 4.55(3.36) 18 2.62
%MVPA 25.05 (18.94) 20.60 (91.21) .65 4.44
Wear Time 125.69 122.85 .96 2.84

Note. SD: standard deviation; MD: mean difference; SPA: sedentary physical activity; LPA:
light physical activity; MPA: moderate physical activity; VPA: vigorous physical activity;
MVPA: moderate-to-vigorous physical activity.

Physical Activity and Body Mass Index

For either group, BMI was not found to be significantly related to total activity counts,

absolute time, or percent time spent in any activity level (Table 3).
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Table 3. Correlations between physical activity and BMI for Overweight and Obese Autistic
Adolescents.

BMI

Parameter r p
SPA 020 .960
LPA -242 530
MVPA -.182  .639
%SPA 224 562
%LPA -.084 831
%MVPA -.095  .807
Total Counts -344 364
CPM -268 486

Note. SPA: sedentary physical activity; LPA: light physical activity; MPA: moderate physical
activity; VPA: vigorous physical activity; MVPA: moderate-to-vigorous physical activity; CPM:
counts per minute.
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DISCUSSION

This study was one of the first attempts to examine the PA behaviors of, and the
association between PA and BMI in, autistic children that participate in an APE class. The
hypothesis that autistic adolescents would engage in more LPA than MVPA was supported, with
an average of 66.36 minutes spent in LPA and 18.97 minutes spent in MVPA (Table 2). This
may be partially explained by the activities the participants chose to engage in. Most participants
chose to walk laps as their warm-up activity, followed by a motor skill activity that did not
require a lot of movement, such as catching or kicking. While there are no studies that allow for
direct comparison, previous research in this area has also observed autistic children engaging in
more LPA than MVPA (Bandini et al., 2013; Boddy et al., 2015). However, other studies have
observed contrasting results, with autistic children engaging in more MVPA than LPA
(Ketcheson et al., 2018; Tyler et al., 2014; Pan et al., 2021). All six studies, including the current
study, used different sample populations and different methodologies, which could explain the
lack of consensus. Unfortunately, few published studies report data about LPA, limiting the
ability to draw conclusions. To get a better understanding of what intensity levels of PA autistic
children engage in the most, future studies should report their data on SPA and LPA, not just
MVPA.

The second hypothesis that lower levels of PA would be associated with higher BMI
scores was only partially supported. Negative associations between total activity counts and
counts per minute and BMI and BMI z-score were observed, but the associations were weak and
failed to reach significance (Table 3). Previous studies have suggested that low levels of PA are

associated with obesity in non-autistic children (Must & Tybor, 2005) and autistic children and
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adolescents (McCoy et al., 2016; McCoy & Morgan, 2019), whereas other studies have found no
correlation (Bandini et al., 2013; Pan et al., 2016). The increased prevalence of overweight and
obesity in autistic children may be explained by factors other than, or in addition to, PA.

Selective eating behaviors, also known as “picky eating,” is commonly observed in
autistic children. Selective eating behaviors include restricted food acceptance (based on type,
taste, smell, and texture), food refusal, and requiring specific utensils (e.g., a favorite spoon or
plate). Approximately 72% of autistic children exhibit restricted food acceptance and 57%
exhibit food refusal (Schreck & Williams, 2006). Studies show that autistic children prefer
energy-dense foods (e.g., donuts, chicken nuggets) (Ahearn et al., 2001; Schreck et al., 2004),
are more likely to consume sugar-sweetened beverages, such as juice or soda (Evans et al.,
2012), and less likely to consume fruits and vegetables (Bandini et al., 2010). In addition,
medications that are commonly prescribed to autistic children, such as atypical antipsychotics,
have been associated with increases in weight gain (McPheeters et al., 2011). Selective eating
behaviors, medications, and PA may all contribute to the increased prevalence of overweight and
obesity, but the degree to which each factor impacts weight is unknown. Future research
investigating all three factors within the same study would allow for a better understanding of
each variable’s impact on weight.

Although none of the results of the independent #-tests reached significance, the mean
difference between the two groups for several variables are worth mentioning. The autistic
adolescents with obesity averaged 10.68 more minutes and 11.54% more percent of total time in
SPA compared to the autistic adolescents that were overweight, 38.80 minutes and 32.30%
compared to 28.13 minutes and 20.76%, respectively. Additionally, the autistic adolescents that

were overweight engaged in 16.45 more minutes of LPA compared to the autistic adolescents
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with obesity, 75.50 minutes and 59.05 minutes, respectively (Table 2). The lack of significance
is likely attributable to the small sample size and insufficient data points but does not invalidate
the absolute differences that were observed.

When placed in a controlled environment, in which opportunities to be physically active
are equal for both groups, there does appear to be measurable differences in PA behaviors
between autistic and non-autistic children. Statistically significant differences may be few and
far between, but differences in PA behaviors can impact weight and overall health, even if not
statistically significant. An average of 21 fewer minutes spent in MVPA every day (Stanish et
al., 2017) adds up to 147 fewer minutes (2.45 hours) spent in MVPA every week, 9.8 fewer
hours each month, and 117.6 fewer hours (4.9 days) each year. It is imperative that researchers
place less focus on what is or is not statistically significant and place greater focus on absolute
differences when comparing autistic and non-autistic children. If the goal is to help autistic
children improve their health outcomes and quality of life, all differences matter, not just those
that are staticistally significant.

Several limitations in this study are worth mentioning. The sample size for this study was
small, limiting the generalizability of the results. As this was a small-scaled exploratory study,
practicalities inhibited data collection in larger numbers and including a wider range of variables.
Data were collected during only four APE classes over the course of six weeks during the spring
season. The cross-sectional design of the study prevent causality or the direction of relations
from being determined. The placement of the accelerometer may have led to an over/under-
estimation of activity levels. An activity that most participants enjoyed and engaged in often was
riding a large tricycle, a light-to-moderate intensity activity for most participants. With the

accelerometer placed on the right hip, it is not known how accurately the accelerometer was able
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to measure this activity. A seated version of an exercise is a common adaptation used by older
adults and those with disabilities. Future research investigating the abilitiy of a waist-worn
accelerometer to measure PA during seated activities would be valuable information to
researchers across populations and specialties. Additionally, upper body movements, such as
moving the arms, are not detected by accelerometers when worn on the hip. Therefore, we
cannot know the impact of stereotypic behaviors (e.g., arm flapping, waving) or upper-body
motor skills (e.g., catching, throwing) on the results. Wrist-worn accelerometers are available
and would be more suitable for studying these specific movements. Finally, the epoch length and
cutoff points used to determine PA intensities in this study may differ compared to those used in
other studies. In the absence of a standardized procedure, choices were made based on the
population being studied and best-practice recommendations.

In spite of the limitations, this study has several strengths. First, the use of accelerometers
allowed for direct, objective measurement of PA levels that may not otherwise be obtained
through self-report questionnaires or observations. The use of an objective measurement removes
the posibility of recall bias affecting the results and removes the subjectivity inherrrent to
researcher observations. A second strength was the diversity of the study sample. All participants
had at least one co-occurring condition, the age range of participants represented most of the
adolescent period of development (10—18-years-old), and the sample consisted of a male-to-
female ratio of 2:1. The diversity of the sample used in the current study is more representative
of the autism community than samples used in previous studies. This allows for a greater
understanding of autistic people, which will in turn allow for better help and supports to be

developed for autistic people to improve their health outcomes.
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These findings using accelerometers suggest that autistic adolescents with obesity have
similar PA behaviors as autistic adolescents that are overweight. Significant differences in PA
intensity levels were not observed, but absolute differences in SPA and LPA were observed
between the two groups. However, due to the small sample size, the possibility that these
differences occurred due to chance cannot excluded. Future studies with larger sample sizes and
more covariates are required to increase the knowledge base of the PA behaviors of autistic

children and adolescents during APE classes.
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