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Abstract

Young adults with Autism Spectrum Disorder (ASD) are at
an increased risk of poor balance and coordination due to
sensory deficits. Specifically, reactive postural control im-
pairments have been well documented among individual’'s
with ASD, however, research suggests that interventions
can improve these associated deficiencies. The Piece It To-
gether (PIT) program is a community-based comprehensive
program designed to provide wellness opportunities among
teens and young adults with ASD and other mild Neurodevel-
opmental Deficits (ND). The PIT curriculum includes exercise,
nutrition, stress management, and socialization with a focus
on strength and endurance training geared towards improv-
ing everyday functioning through the increase of awareness
and participation in daily healthy lifestyle behaviors. Twen-
ty participants, aged 14-29, attended 90-minute classes at
the MUSC Wellness Center twice a week for six weeks and
were encouraged to increase their physical activity daily. The
mini-Balance Evaluations Systems Test (miniBEST) was ad-
ministered during the first and last class session to assess bal-
ance changes among all study participants over the 6-weeks.
Results showed significantly improved balance scores at the
end of the program, from 23.9 to 25.2 (p = 0.028). Overall,
the 6-week PIT program successfully improved balance and
coordination in teens and young adults with ASD or mild ND.

Introduction

Autism Spectrum Disorder (ASD) is an increasingly
prevalent disorder affecting one out of every fifty-nine
children in the United States according to the CDC [1].
ASD is a neurodevelopmental disorder characterized
by restricted, repetitive patterns of behavior and defi-
cits in communication and social interactions [2]. Youth
with ASD are at least as likely and possibly more likely
to be obese than Typically Developing (TD) peers [3-5].
In addition to typical risk factors, individuals with ASD
have additional challenges placing them at risk for obe-
sity such as higher rates of selective or “picky” eating,
which may be due to sensory disturbances, and report
less variety in their diet [5-8]. Youth with ASD also ex-
hibit more sedentary behavior and less physical activity
than TD youth [9,10]. This sedentary behavior is linked
to not only obesity and chronic health conditions but
also mental health conditions such as depression [11].
Many individuals with ASD and those with other Neuro-
developmental Disorders (NDD) use psychopharmaco-
logical treatments that may contribute to weight gain
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[5]. In general, youth that are obese are very likely to  control a large degree of their overall attitude and feel-
continue being obese into adulthood which leads to an  ings of self-efficacy toward physical activity. In other
increased likelihood of many chronic health conditions  words, the inability to balance among those with ASD
[12]. Adults with ASD are more likely than the general may subconsciously alter their initial readiness, empow-
population to have many medical issues such as diabe- erment, confidence, and therefore, their willingness to
tes, hypertension, dyslipidemia, and obesity [13]. Obe- engage in exercise. If individuals with ASD are more

sity also increases the likelihood of social and emotional likely to avoid behaviors that require them to balance,
consequences such as bullying and self-esteem issues  this may subconsciously drive them to show an increase
[12]. Current research suggests youth with ASD are al- in interest and participation for behaviors that are pri-

ready at an increased likelihood for these social and marily sedentary and less physical in nature. This may
emotional issues [14]. Adolescents and young adults are  explain the alarming rates of sedentary behavior, lack
at a critical transitional age where early intervention can  of physical activity, and increase in obesity and chronic
jumpstart healthy lifestyle habits. There is a paucity of disease risk that appear more evident among the ASD
such programs available to serve this population [15]. population. Preliminary research suggests that exercise
interventions can not only be beneficial in improving
motor issues, but also beneficial in improving social
deficits and behavioral problems [29-31]. Additionally,
interventions of physical therapists to improve these
motor deficits is promising [32]. However, more re-
search is necessary to determine the best protocol for
intervention programs to address the aforementioned
issues in the ASD population. This Piece It Together re-
search study hopes to illuminate some answers to this

In the general population, exercise interventions
have been shown to be effective in addressing numer-
ous mental health issues such as depression and anx-
iety [16,17], disorders more common in individuals
with ASD [18], and also boost cognitive performance
[19,20]. However, it is important to consider that the
typical interventions that are effective for the gener-
al population may not be effective for the ASD popu-
lation. In particular, youth with ASD face many differ- ]
ent barriers and additional risk factors than TD youth ~ duestion.
in addressing these issues with interventions. Barriers Piece It Together is a comprehensive wellness in-
to physical activity for this population include lack of  tervention program devised to address barriers to
interest, lack of appropriate programs, and behavioral  holistic wellness specific amongst the population
issues [21]. Youth with ASD also find physical activities  of adolescents and young adults with ASD and other
harder to learn and this is partially due to balance and  gevelopmental disabilities. The Piece It Together mul-
coordination concerns that may co-exist with ASD and  gjisciplinary approach has been created through the
NDD. Fewer youth with ASD and NDD believe that well-  c|jaboration of physicians, physical and occupational
ness programs are a way to make friends than TD youth therapists, personal trainers, and registered dieticians
[22]. Often, youth with ASD prefer not to exercise or 54 tailored to better serve the ASD population. Based
exercise at home rather than exercise with peers [23]. on the target population, Piece It Together focuses on
Parents of children with ASD cite various reasons for e main pillars: exercise, nutrition, socialization, stress
their children not participating in physical activities, rojief, and getting out of your comfort zone. Effort is fo-
which include the lack of appropriate skills in other cused on promoting the long-term adoption of healthy
adults who interact with their children, as well as their lifestyle habits. Additional reports have discussed the

;hil(;l‘re.n having fe\r/]v ffriehnds and often being. ex.(;:uded effectiveness of the PIT intervention in improving body
y their peers. Each of these responses was significant- composition, physical fitness, exercise habits, eating

ly inversely correlated with the child’s amount of phys- habits, mood, and will discuss success, challenges, and

ical activity [24]. future directions to assist similar programs around the

More importantly, while it is not currently included nation. While additional outcomes such as strength,
in the ASD diagnostic criteria, accumulating research has  flexibility, depression and anxiety, were collected as
identified motor deficits as a comorbidity to ASD which  part of the larger PIT program, the purpose of this pi-
may ultimately impair coordination, motor planning, lot study was to assess balance over the course of the
and particularly balance among those with ASD [25-27].  6-week wellness program.
These motor deficits may hinder social and emotional
development, though more research is necessary to de- Method

p ) g Yy

termine to what extent and if they contribute to social Twenty participants, ages 14-28 (average age 19.7,
deficits in the ASD population [28]. Such motor deficits 11 male and 9 female), diagnosed with ASD or anoth-
may disproportionally impair an individual with ASD’s er developmental disorder enrolled and completed
overall exercise capacity, and their perception and in- the Piece it Together Summer Program, consisting of
terest in exercise-related behavior. A physical impair- one and a half hour long classes, twice a week, for six
ment in one’s ability to properly execute, function and  weeks. Pre-testing was performed before the start of
perform a successful exercise-related movement as a the program, and post-testing was performed at the
result of their inability to balance may psychologically end of the program. The purpose of this study was to
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assess balance as measured by the mini-Balance Evalu-
ations Systems Test (miniBEST) [33,34] before and after
a fitness intervention in youth with ASD or other NDD.
Additional testing consisted of InBody 570 Body Com-
position Analyzer©2014 for body composition, a timed
run for cardiovascular fitness, the miniBEST for balance
evaluation, the Patient Health Questionnaire 9 (PHQ-
9), Beck Anxiety Index for Youth (BAl), and the 5-2-1-0
Healthy Habits Questionnaire. These assessments were
performed to track quantitative and qualitative changes
in health components related to physical (i.e. body com-
position, fitness, balance), as well as lifestyle and mood
factors over the duration of the PIT intervention, that
have been discussed elsewhere.

Intervention Overview

The general format of the Piece it Together classes
[35,36] consisted of a teaching lesson, followed by 30-
45 minutes of moderate to vigorous exercise, and end-
ing with stress relief practice. Class content varied each
session. Exercise typically consisted of a warmup, which
included stretching and basic balance activities such as
tandem walking and balancing on one leg, followed by
exercise classes that included spin, water aerobics, car-
dio circuits, soccer, Tae Bo, and boxing led by personal

trainers. Participants were encouraged to exercise out-
side of class time as well but this tended to be minimal.
Nutrition discussions were led by a registered dietician
and focused on eating more fruits and vegetables, ap-
propriate portion sizes, and increasing water intake. A
trip was made to the nearby Medical University Urban
Farm to further educate participants and healthy foods
were brought to class to encourage trying new foods.
Stress relief techniques consisted of yoga, meditation,
visualization, and relaxation and breathing exercises.
Socialization was encouraged through active partici-
pation in class discussions and interactions with other
peers, instructors, and volunteers throughout the pro-
gram. Participants who had previously participated in
the program were encouraged to be peer leaders and
promote program advocacy.

Balance Evaluation

Testing was completed at baseline (pre-inter-
vention) and after 6 weeks (post-intervention). The
miniBEST assesses balance and provides a total score
and sub-scores for different types of balance systems.
This instrument was chosen as it assesses deficits that
have been previously reported in this population [26,37-
40]. The miniBEST has shown good interrater reliability,

Table 1: Mean miniBEST Pre and Post Scores.

Pre-Score Post-Score | Difference 95% Confidence interval  p-value’
Reactive Postural Control (maximum =6) 4.4+1.0 51107 0.8+1.0 0.3;1.3 0.011
Sensory Orientation (maximum = 6) 59+0.2 55+0.7 -04+0.6 -0.8;-0.1 0.016
Anticipatory (maximum = 6) 54+09 55+0.6 0.1+0.6 -0.2;0.4 0.688
Dynamic Gait (maximum = 10) 8.5+1.1 9.1+0.9 06+1.3 -0.1;1.2 0.097
Total Score (maximum = 28) 239+24 252120 124122 0.2;2.3 0.028

‘obtained from Wilcoxon Signed Rank test.
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Figure 1: Total miniBEST Scores Pre and Post-testing by frequency. The miniBEST has a maximum total score of 28. Scores
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test-retest reliability, correlation with other balance as- program did not primarily consist of balance training,
sessments, and validity in determining fall risk [3]. The further, higher post-test values may be a reflection of
miniBEST is scored on a scale from 0-2 on 14 balance participant learning and familiarity rather than a result
skills that include: anticipatory balance, reactive pos- of the intervention. While no ceiling effect was seen in
tural control, sensory orientation, and dynamic gait. 0 previous studies with the miniBEST, those studies had
is physically unable to perform the action, 1 is perform- lower mean scores [3]. Use of a different balance out-
ing the action with some imbalance, and 2 is performing come that could better capture detailed balance infor-
the action without difficulties. The maximum total score mation could display more significant improvement.
one can achieve on the miniBEST is a 28 per test. The There was no long-term follow up to determine if habits
assessment was scored by an investigator and provided continued after the end of the program.

a reliable and valid assessment of balance in the general

. Overall, the presence of a significant balance deficit
population [34].

seen in our study on the miniBEST suggests that typical
Results exercise and coordination interventions are indicated as
a part of a comprehensive wellness intervention plan as
these deficits can improve, but can present as a barrier
to physical activity. This research supports that motor
deficits may impair coordination, motor planning, and
particularly balance among those with ASD. While it is
not currently included in the ASD diagnostic criteria, mo-
tor deficits as a comorbidity to ASD may be supported by
the findings in this study, and health care professionals
are encouraged to consider these. Future research aims
involving similar participants and interventions should
include identification of the mechanism attributing to
balance impairment, determining which targeted activi-
ties within the intervention would be most effective for
enhancing balance, and clearly analyzing and defining
gait coordination deficits, and gait analyses.

In the Piece it Together Summer Program, 20 par-
ticipants (11 males; mean age 19.7 years) consented to
the Institutional Review Board (IRB) approved research
study. Parents and participants self-reported medical
diagnoses. Study subjects were diagnosed with one or
more neuropsychiatric diagnoses including ASD, ADHD
and other mild Intellectual Disabilities (ID). Sixteen of
the subjects were diagnosed with ASD and two were
diagnosed with mild or moderate ID. Total and sub-
scales scores on the miniBEST obtained pre-interven-
tion and post-intervention were compared using Wil-
coxon Signed Rank tests. The mean total miniBEST score
increased from 23.9 to 25.2 (p = 0.028) indicating im-
proved balance (Table 1 and Figure 1). Mean scores for
dynamic gait, anticipatory and reactive postural control
categories trended towards improving, but were notsig- Acknowledgements
nificant. Sensory orientation means scores decreased at

t-test Funding and volunteer support provided by the fol-
post-test.

lowing: NIH/NCATS UL1TR000062, The Charles Webb/
Discussion Ed Croft Trust Endowment of Coastal Community Foun-
dation, The Coastal Community Foundation Cooper
River Bridge Run Scholarship Grants, SC Developmen-
tal Disabilities Council Grants 05-21-0005, 06-21-0005,
and 07-21-0005 (2015-2018), South Carolina Transla-
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Crews Subaru of Charleston, and the Lowcountry Autism
Foundation (501c3). Thank you to Physical Therapy con-
sultant Cynthia Dodds, and her student, Caitlin Keller.
Many thanks to all the families, participants, volunteers
and other donors for their support!

This pilot study demonstrated the presence of bal-
ance deficits in this population. The MiniBEST normative
data for older populations has shown healthy controls
score no less than 26 [3,4]. The mean from this popu-
lation of ASD and NDD individual’s prior to intervention
was 23.9, indicating there may be balance deficits pres-
ent in this population. Scores did improve after comple-
tion of the 6-week PIT program suggesting that balance
deficits for youth with ASD or NDD may improve with
brief community-based group interventions.
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