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Abstract: Background and objectives: The purpose of this study was to examine the relationship between
motor competence, body mass index (BMI), and nutrition knowledge in children with autism spectrum
disorder (ASD). Materials and Methods: Fifty-one children with ASD (five females and 46 males)
aged 7-12 participated in the study. The Movement Assessment Battery for Children-2 (MABC-2)
was used to examine children’s fine and gross motor skill competence; the nutrition knowledge
survey assessed children’s overall knowledge of food groups and healthful eating; and BMI-for-age
determined their weight status. Descriptive analysis and Pearson correlation was used to analyze the
relationship between nutrition knowledge, BMI, and motor competence in children with ASD. Results:
The majority of children with ASD (82%) showed significant motor delays in MABC-2 assessments.
The BMI-for-age percentile data suggested that 20% of participants were obese, 17% were overweight,
and 12% were underweight. The nutrition knowledge data indicated that 55% of children scored below
70% on accuracy in the nutrition knowledge survey. Pearson correlation analysis revealed a significant
positive relationship between MABC-2 manual dexterity and nutrition knowledge (r = 0.327, p < 0.01),
and between MABC-2 balance skills and nutrition knowledge (r = 0.413, p < 0.01). A significant
negative relationship was also found between BMI and MABC-2 balance skills (r = —-0.325, p < 0.01).
Conclusions: The findings of the study suggest that nutrition knowledge and motor competence may
be key factors influencing BMI in children with ASD and therefore interventions tackling both sides
of the energy balance equation are necessary.
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1. Introduction

Children with autism spectrum disorder (ASD) having a high obesity rate may result from a
combination of poor nutrition knowledge and low physical activity levels. In the United States,
approximately 32% of children and adolescents are overweight or obese [1]. While these numbers
are alarming and have become a public health concern, it is an even greater concern for children with
disabilities who have a higher incidence of being overweight and are twice as likely to be physically
inactive as their peers without disabilities [2,3]. Among children with disabilities, it is reported that
those with ASD have a much higher prevalence of obesity than those without ASD [4-8]. Specifically,
Curtin et al. (2010) reported that the prevalence of obesity in children with ASD was 28.8% higher when
compared to children without ASD [4]. In addition, Phillips et al. (2014) stated that the prevalence of
obesity was two times higher among children with ASD than that of children with other developmental
and physical disabilities [7]. They suggest that dietary behavior patterns may predispose children with
ASD to even greater risk of obesity.

Children with ASD exhibit higher levels of food selectivity (i.e., only eating a narrow array
of foods) than their peers and their food choices are influenced by texture, color, and smell [9-13].
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One study reported that some children with ASD may only eat high calorie foods such as chicken
nuggets and French fries because of the yellow color [12]. Other studies comparing children with
ASD and typically developing children have indicated that children with ASD are “picky eaters” and
consume significantly fewer fruits and vegetables and more servings of sugared beverages, both of
which have been shown to increase obesity [14-17]. Furthermore, children with ASD experience more
barriers to physical activity than the general population due to physical and developmental disabilities.
As a consequence, they are more likely to be sedentary which results in less energy expenditure
and increasing potential for excess weight [18-20]. Therefore, children with ASD may face bigger
challenges to combat overweight and obesity than children without disabilities due to their limited
physical activity and nutritional patterns that are needed to promote health and wellness.

With the rising prevalence of ASD from 1 in 88 children in 2008 to 1 in 60 children in 2018,
the co-occurrence of ASD and obesity constitutes dually increasing public health concerns. The myriad of
health risks associated with obesity in children with ASD make it critical to find solutions. The increasing
prevalence of ASD has made developing appropriate and effective interventions to improve the health
and wellness of children with ASD a high priority for researchers and practitioners [20]. Identifying
possible contributing factors to the increasing rates of obesity in children with ASD is the first step to
prevention. Physical activity and nutrition play important roles in childhood obesity according to the
obesity definition (i.e., excess adipose tissue due to energy intake vs. energy output).

Fundamental motor skill performance is a key factor that influences children’s physical activity
participation and weight status [21]. On the other hand, weight status has been shown to have a
negative impact in children’s competence in performing fundamental motor skills [21-23]. Several
studies on physical activity have reported that children with ASD are less likely to be involved in
moderate to vigorous exercise and are more likely to be sedentary compared to the children without
disabilities [24-26]. It has been well documented that children with ASD exhibit developmental delays
in fine and gross motor skills leading to poor motor coordination, postural control, and balance [27-30].
As a result, children with ASD may be excluded from participation in sports and recreational games
that demand more refined motor skills and therefore they are likely to be inactive. The consequence
is more time spent in sedentary behaviors [31] which have been shown to increase the risk of
obesity, [32,33] feelings of depression, low self-esteem, isolation and possibly overeating [34-36].

Understanding fundamental fine and gross motor skill performance in children with ASD is
essential to overcome barriers for physical activity (i.e., less energy output) and to reduce excess
weight gain. There are number of standardized tests that examine motor competence in children with
ASD. It is important to choose an assessment that targets the age group of interest and the specific
motor skills being examined. The Movement Assessment Battery for Children-2 (MABC-2) is a reliable
and valid assessment used to test fundamental motor skills in children with ASD [37] The strength
of the MABC-2 is that it tests both fine and gross motor skills such as manual dexterity, ball skills,
along with static and dynamic balance. These skills are not only critical for participation in sports and
recreational games, but also needed in the learning and acquisition of handwriting skills. In addition,
manual dexterity has been closely linked to academic achievement [38,39]. For example, Dinehart and
Manfra (2013) examined whether the fine motor skills of preschool students predict later academic
performance in second grade. Results indicated that performance on both fine motor writing and
object manipulation tasks had significant effects on second grade reading and math achievement [39].

Nutrition knowledge is another major factor in childhood obesity and becomes more crucial
to obesity prevention along with co-occurring motor delays. Prior research indicates that nutrition
knowledge is associated with weight loss [40—44]. Klohe-Lehman et al. (2006) examined the association
of nutrition knowledge and the gained nutrition knowledge in promoting more weight loss in 141
low-income obese and overweight mothers. After an eight-week intervention emphasizing nutrition
knowledge, the participants who had lost weight (>2.27 kg) showed greater nutrition knowledge than
those who had not lost weight. In addition, Triches and Giugliani (2005) investigated the association
between obesity, eating habits, and nutrition knowledge in 573 school children (aged 8-10 years) [43].
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They reported that childhood obesity was associated with limited nutrition knowledge and unhealthy
eating habits and these children were five times more likely to be obese.

These findings have major consequences for children with ASD as they may not understand
the serious health problems associated with lack of physical activity, excess body weight, and poor
nutrition [45]. Moreover, children with ASD may not have the nutrition knowledge to make conscious
decisions on healthy eating choices, and this may predispose them for becoming obese [20,36].
Environmental factors such as the eating habits of parents, mealtime practices, and food/snacks used
as a reinforcing reward may also contribute to the problem related to the nutritional status in children
with ASD [20,46]. Additionally, evidence suggests that children who are overweight or obese are more
likely to be obese adults, which increases their risk for chronic diseases such as heart disease, stroke,
diabetes, metabolic syndrome, and certain cancers [46—49]. As a result, the comorbidities associated
with obesity along with the increased risk of becoming obese are a potential threat to the health and
well-being of children with ASD [46]. Current literature on health education and awareness has mostly
focused on children without disabilities [20]. There have been no reports in the literature regarding the
combination effects of nutrition knowledge and motor competence in children with ASD. Therefore,
the purpose of this study was to examine the effects of children with ASD’s motor competence and
nutrition knowledge on BMI. It was hypothesized that BMI would be negatively related to motor
competence and nutrition knowledge.

2. Materials and Methods

2.1. Participants

A sample of 51 children with ASD aged 7-12 (5 females, 46 males) were recruited through
advertisements and local schools to participate in this study. The study consisted of primarily male
participants because ASD is four times more common in males than females [50]. Inclusion criteria
were (a) the child was diagnosed with ASD by a physician or a licensed psychologist according to
the Diagnostic and Statistical Manual of Mental Disorders, fifth edition, [51]; (b) ability to understand
and follow the test commands; (c) ability to communicate with the test administers. The study was
approved by the University Institutional Review Board and parental consent was obtained from all the
participants before any study procedures began.

2.2. Instrument

The Movement Assessment Battery for Children-Second Edition (MABC-2)

The MABC-2 is a standardized measure of motor impairment for children aged 3-16 years [37].
Its purpose is to identify and describe a child’s level of motor functioning relative to the age-matched
norms. The MABC-2 measures both fine and gross motor competence skills in 3 age bands (36 years,
7-10 years, and 11-16 years). It involves a total of eight tasks in 3 components consisting of manual
dexterity, ball skills, and balance. Raw scores are collected for each task and then converted to standard
scores. Standard scores are calculated for each of the 3 components and then calculated by summing
the eight tasks and converting it to a total test score. The total test score is then converted to percentiles
found in the MABC-2 manual norm tables. The percentile can be interpreted in terms of a “traffic
light” system: at or below 5th percentile (red zone) indicates significant movement difficulty; 6th-15th
percentile (amber zone) falls in the “at risk” of having a movement difficulty; and above 15th percentile
(green zone) indicates no movement difficulty detected [37].

2.3. The Nutrition Knowledge Survey

The nutrition knowledge survey is an assessment of nutrition knowledge for elementary school
children [52]. It was adopted by Gower et al. (2010) to evaluate the impact of the “Fit Kids ‘r’ Healthy
Kids” nutrition intervention targeting first through fourth grade students’ nutrition knowledge in a
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metropolitan area school in Salt Lake City, UT, USA. This 15-multiple-choice question survey assesses
nutrition knowledge in the following domains: food groups, healthful foods, and food functions. Scores
are calculated by summing the total number of correct answers and dividing by 15 to yield percent
correct score. A higher percent correct score indicates better nutrition knowledge on healthy eating.

2.4. Body Mass Index

The most common method used to classify obesity is body mass index (BMI), which is calculated
as weight in kilograms divided by the height squared in meters (kg/m?). For children, BMI-for-age
percentiles are calculated based on the BMI-for-age growth chart [53]. Children with BMI-for-age
percentile > the 85th percentile are considered overweight and children with BMI for age >95th
percentile are considered obese [54].

2.5. Procedures

Children’s height and weight data were collected for BMI. They were measured in light clothes
and no shoes. Height was measured in inches utilizing a tape measure. Weight was measured in
pounds utilizing the Health-O-Meter professional portable scale (Model 349KLX).

The Nutrition Knowledge Survey was then administered in a private classroom to minimize
distraction. All questions were read aloud by the research assistant. Each question had three pictures
associated with the question and the child was asked to point to the picture they thought was the
correct answer. For example, the child was asked “look at the three pictures and pick the food from the
fruit group” or “pick the healthiest snack.” If the child replied “I don’t know” or picked the wrong
answer (i.e., chose ice cream over other choices of carrots or pointed to a cake for healthiest snack),
he/she was given a zero. All questions answered correctly in each domain were totaled and divided by
the total number of questions.

The MABC-2 was administered after each participant completed the nutrition knowledge survey.
All sessions were videotaped to ensure the accuracy of the test administration. Investigators and
research assistants followed guidelines from the MABC-2 Manual for administration of all tasks.
In order to ensure inter-rater reliability, research assistants went through an extensive training prior
to administering the tests. This training involved an introduction and education on the assessments
followed by hands-on practice. Research assistants performed the skills on children for practice and
were observed by the principal investigator to ensure proper administration and scoring of testing.
Additionally, assessment scores calculated by the research assistants were compared to the principal
investigator’s scores. If 90% or higher agreement was reached, research assistants were considered
trained and ready to complete actual testing. Detailed verbal descriptions and clear demonstrations
were given to children prior to their motor skill assessment. If a child performed incorrectly during the
practice trial, additional instructions were provided to ensure the child’s proper task performance.
The inter-rater agreement between the principal investigator and the research assistants was 97%.
Each child received verbal description and an accurate demonstration of the task prior to testing.
A practice trial was provided to assure the child understood the task. An additional demonstration was
provided if the child did not respond or did the task incorrectly. If the child’s first performance trial
did not meet the specific performance criterion, a second trial was administered. Each performance
was scored according to the MABC-2 norms.

2.6. Data Analysis

Descriptive analysis was used to analyze data on nutrition knowledge, BMI, and the MABC-2.
BMI and nutrition knowledge percentile scores were calculated using the standardized procedures.
Pearson correlation was used to analyze the relationship between the motor competence and BMI,
and the relationship between the nutrition knowledge and BMI. Correlations were also used to test the
relationships between BMI and each of the 3 nutrition domains. Results were considered significant
when the p-value was less than 0.05.
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2.7. Ethical Approval

All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards (IRB#2017623). Informed consent
was obtained from all individual participants included in the study.

3. Results

The majority of children (90%) were classified in the red or amber zone in the MABC-2.
More specifically, 82% of children were classified in the red zone indicating significant motor delays,
8% were classified in the amber zone demonstrating that they were at risk for motor delays, and 10%
were classified in the green zone suggesting no motor delays or difficulties.

The BMlI-for-age percentile data suggested that 37% of participants were classified as obese or
overweight. Specifically, 20% were classified as obese, 17% were classified as overweight, and 12%
were underweight. The nutrition knowledge accuracy data conveyed that 55% of participants scored
below 70%, 20% scored between 70 and 89%, 10% scored 90% or higher, and 16% of participants scored
a perfect score.

A Pearson correlation coefficient was calculated for the relationship between participants’ nutrition
knowledge, BMI, and motor proficiency. A significant positive correlation was found between MABC-2
manual dexterity and nutrition knowledge in children with ASD, r(49) = 0.279, p < 0.01 (Figure 1).
Children’s static and dynamic balance were also significantly correlated with their nutrition knowledge,
r(49) = 0.413, p < 0.01 (Figure 2). Furthermore, a significant negative relationship was found between
BMI and balance, r(49) = —0.325, p < 0.01 (Figure 3). A regression analysis revealed that a significant
regression equation was found using manual dexterity and balance to predict nutrition, F(2, 48) =
5.385, p < 0.05, with a R of 0.428 (Table 1). In addition, a significant regression equation was found
between balance and BMI, F(1, 49) = 5.773, p < 0.05, with a R of 0.325 (Table 2).

80~
o
o
501
£ o
=
[ 1]
=
-
[ 1]
O 404
] o]
=
=
[
=
o] o’
20
o] o
o
0 o] o 0 o
o o B [o] ] B 0 0 o o g8 o o B
T T T T T
20 40 80 80 100

Nutrition Knowledge

Figure 1. Significant positive relationship between nutrition knowledge and manual dexterity.
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Figure 2. Significant positive correlation between nutrition knowledge and balance.
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Table 1. Regression analysis on manual dexterity, balance, and nutrition.

Model Sum of Squares df Mean Square F Sig.
Regression 6250.313 2 3125.157 5.385 0.008
Residual 27,854.028 48 580.292
Total 34,104.341 50

Note: df= degrees of freedom; sig. = significant level.

Table 2. Regression analysis on balance and body mass index (BMI).

Model Sum of Squares df Mean Square F Sig.
Regression 6815.148 1 6815.148 5.773 0.020
Residual 57,843.833 49 1180.486
Total 64,658.980 50

4. Discussion

4.1. Nutrition Knowledge and Motor Competence

The purpose of this study was to investigate the relationship of nutrition, BMI and motor
competence in children with ASD. A moderate correlation was found (r = 0.428) between nutrition
knowledge and motor competence in children with ASD. Notably, 40% of the children that scored
the highest on motor competence also scored the highest in nutrition knowledge. Among these
participants, none were obese, two were overweight and two were healthy weight. All of the children
that scored below the 25th percentile in motor competence also scored low on nutrition knowledge
suggesting nutrition knowledge may be related to children’s motor competence.

One limitation of this study is that the nutrition knowledge assessment did not include dietary
intake or patterns of the children and that may have been a defining characteristic of the positive
correlation found between BMI and nutrition knowledge. In addition, due to the low ratio of girls to
boys in children with ASD, there were only five girls that participated in this study which may have
led to sample bias. Future research should examine the dietary patterns of children with ASD and
include more females and the full range of children with ASD.

4.2. BMI and Motor Competence

A significant negative correlation was found between BMI and motor competence (r = —0.325)
which supported our hypothesis. This finding is consistent with previous literature reporting similar
results in children without disabilities [54-58]. Specifically, D’"Hondt et al. (2014) reported that the
children who were overweight and obese had lower motor competence scores (70.8%), particularly in
physical properties requiring dynamic body coordination [58]. Overweight and obese children in the
10-12 years old group showed significantly lower motor coordination performance compared with
corresponding 5-7 years old group. This finding suggested that BMI-related differences in gross motor
coordination were more pronounced in older children than younger children. However, there is some
discordance in data related to this topic in other studies for children with disabilities. For example,
Frey and Chow (2006) examined the relationship between BMI, physical fitness, and motor skills in
444 youth aged 6-18 years with mild intellectual disabilities [59]. Consistent with the present study,
Frey and colleague reported that BMI had a small, negative influence on aerobic performance (r = —0.27)
and muscular strength (r = —0.18). In contrast, Pitetti, Yarmer, and Fernhall (2001) compared aerobic
fitness and BMI between children aged 8-18 years with and without mild mental retardation and
reported no association between BMI and their aerobic performance [60]. The discordance may be due
to the differences in methodologies and more research is needed.
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4.3. Nutrition Knowledge and BMI

The results of the present study indicated a weak correlation (r = 0.155) between BMI and nutrition
knowledge suggesting that nutrition knowledge was not necessarily related to obesity in children with
ASD. These findings are consistent with previous research in the literature that nutrition knowledge
does not differ between obese and nonobese individuals [61-65]. Nutrition knowledge alone does
not appear to be sufficient to maintain optimal body mass for children with ASD. Environmental
factors such as family dynamics (e.g., parent’s supervision and preferences for energy-dense diets),
the common use of food when children are feeling sad or lonely, or food used to reinforce good behavior
may also play a role [20,66].

In contrast, other research reported a strong relationship between BMI and nutrition
knowledge [67-69]. Yu et al. (2010) investigated the effects of nutrition education on food habit,
eating behaviors, dietary attitude, nutrition knowledge, and nutrient intake in 103 overweight and
obese children in the Chonbuk area [69]. Results included positive changes in the dietary attitude
and nutrition knowledge, but there were no significant differences after the program suggesting
nutrition education must be continued for positive food habit changes to occur in the long term.
In addition, several previous studies incorporated an exercise component in the nutrition education
intervention. For example, Hinckson et al. examined the effectiveness of a 10-week intervention
program on physical activity, dietary habits, and overall health in children and youth aged 10-18
years with intellectual disability and autism [68]. The authors observed a trend toward reduction
in BMI and waist circumference post physical activity program but by week 24, these changes were
not maintained and were trivial. However, some changes in eating behavior were maintained after
week 24 with the most notable being the marked reduction in consumption of confectionery sugar
and chocolates. As noted, research suggests that children with ASD demonstrate problematic feeding
behaviors and have higher levels of food selectivity indicating feeding problems are complex and often
multifactorial. Since children’s dietary patterns evolve within the context of family, parent-child intake
patterns, and preferences, they are likely to be influenced by the environmental factors such as parent
nutrition knowledge, the types of foods parents make available to children at home, parental modeling
of particular eating behaviors, and parent child-feeding practices [70]. Therefore, an interdisciplinary
team approach may be needed that includes parents, caregivers, a registered dietician, an occupational
therapist, and a behavioral psychologist to help children with ASD improve their eating and feeding
behaviors and reduce their BMI in the future study [71].

5. Conclusions

This study has several important implications. First, although the children with ASD in this study
reported having the nutrition knowledge of what to eat that is healthy, BMI scores suggest that they
are not practicing this knowledge. Therefore, it is important to identify the key factors that may be
influencing higher levels of obesity in this population. A thorough understanding of environmental
factors including family dynamics associated with obesity are critical areas of future research needed
in order to design the most effective intervention strategies. In addition, the present study suggests
nutrition knowledge is moderately related to motor competence and BMI is negatively associated with
motor competence. Taken together, this suggests nutrition knowledge and motor competence may
be key factors influencing BMI and therefore interventions tackling both sides of the energy balance
equation are necessary at both the personal and environmental level. The findings of this study were
also in line with the previous research suggesting diet had a strong correlation with gastrointestinal
problems in children with ASD and dietary interventions were needed to improve children’s overall
health and wellbeing [72]. The literature suggests multifactorial programs promoting physical activity,
nutritious diet, lifestyle education, and parental education are more effective in addressing obesity than
programs concentrating on a single component such as diet or exercise [66]. Therefore, an effective
treatment strategy should involve a team of experts (physicians, physical therapists, occupational
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therapists, behavioral therapists, nutrition and physical education experts) collaborating among the
families, care givers, and special educators.

Furthermore, the majority of research has focused mostly on children without disabilities
leaving a void in the literature on successful interventions for children with ASD. This void limits
opportunity to reduce health risks associated with obesity in this population. We recognize that
obesity is a complex problem and therefore effective health promotion interventions are needed that
address the physical, cognitive, and/or sensory limitations of children with ASD and tailored to
their ability and interest level [20]. Weight management among children with ASD need to focus on
prevention strategies that begin early in life so that healthy lifestyle habits are established during
critical developmental periods [72].
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