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ABSTRACT
MICRONUTRIENT INTAKE IN CHILDREN
DIAGNOSED WITH AUTISM SPECTRUM DISORDER AND FOOD SELECTIVITY
by
Lisa Janik
Background: The prevalence of feeding difficulties in children with Autism Spectrum
Disorder (ASD) has been observed to be from 46% to 89%. Children who have both ASD
and feeding difficulties such as food selectivity may not be meeting their nutritional
requirements, particularly micronutrient needs. Previous research that has examined the
adequacy of micronutrient intake in this population has been inconsistent.
Objective: The purpose of the study was to examine the micronutrient intake and food
group acceptance of a population of children diagnosed with both ASD and food
selectivity.
Participants/Setting: A cohort study was conducted in 21 children with a diagnosis of
both ASD and food selectivity who were evaluated at the Pediatric Feeding Disorders
Program of the Marcus Autism Center between August 2015 and February 2016.
Demographic, anthropometric and nutrient intake data from a three-day food record were
retrospectively reviewed.
Statistical Analysis: Frequency statistics were used to describe the demographic and
anthropometric characteristics of the population as well as compare food group
acceptance and micronutrient intake for 28 nutrients to the estimated average requirement
(EAR). For those micronutrients that do not have an established EAR, an adequate intake
(AI) was used. The Chi-square statistic was used to evaluate the association between food
group consumption status and whether or not the child met the EAR/AI for select
micronutrients.
Results: The majority of the population were male (91%) with a mean age of 7 + 4 years.
None of the micronutrient EARs/AIs were met by all children. Less than 50% of the
population met the EAR/AI for 11 nutrients while >50% but <100% of the children met
the EAR/AI for 14 nutrients. No child met the EAR/AI for chromium, fluoride or
potassium. Children who consumed fruit were significantly more likely to meet the EAR
for vitamin C vs. those who did not eat fruit (86% vs. 14%, respectively; p=0.017). No

other associations between micronutrient intake and food group acceptance were
observed.
Conclusion: Children with ASD and food selectivity may not be meeting the dietary
micronutrient intake recommendations. Further studies should be conducted with larger
study populations to examine the micronutrient deficiency status of children with ASD
and food selectivity.
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CHAPTER I
MICRONUTRIENT INTAKE IN CHILDREN DIAGNOSED WITH AUTISM
SPECTRUM DISORDER AND FOOD SELECTIVITY

INTRODUCTION
Autism Spectrum Disorder (ASD) is a term used to describe a group of disorders,
including autistic disorder, childhood disintegrative disorder, pervasive developmental
disorder-not otherwise specified and Asperger syndrome.1–3 Prior to May 2013, the term
ASD did not apply to this entire group of disorders and each disorder was recognized
individually.1 ASD was first used to describe this group of disorders in the 5th edition of
the Diagnostic and Statistical Manual of Mental Disorders (DSM-5). According to the
DSM-5, a diagnosis of ASD requires both of the following: “…deficits in social
communication and social interaction and restricted repetitive behaviors, interests, and
activities.” 4 Symptoms of ASD begin to appear in early childhood and the most recent
estimates indicate that 1 in 68 children have ASD.1–3
Children with ASD may also display feeding difficulties, including refusing
foods, eating a limited variety of foods, and eating too much of certain foods.5,6 The two
feeding difficulties that are most frequently seen in children with ASD are “food
selectivity and low rates of overall acceptance...”.7 Based on descriptive studies, the
prevalence of feeding difficulties in children with ASD has been found to be anywhere
from 46% to 89%.7,8 There is a concern that children who have both ASD and feeding
difficulties may not be meeting their dietary needs, including their micronutrient needs.7
However, despite the potential detrimental health effects of micronutrient deficiencies,
1
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and the possible effect of food selectivity on dietary intake, there is little research on
these topics specific to the ASD population. Results from the research that has been
conducted on dietary intake, micronutrient status and food selectivity in those with ASD
has not reached a consensus. In fact, the results of many studies have contradicted one
another. One possible reason for this contradiction is the lack of a standardized definition
of food selectivity.9 Another possible issue is that some studies examining autistic
children have not distinguished between those who have food selectivity and those who
don’t.10 Finally, relying on caregiver report of food consumption may produce inaccurate
results.11 There also does not seem to be much research that has examined dietary intake
and micronutrient status in children who have been officially diagnosed by medical
professionals with both ASD and food selectivity. 8
Marcus Autism Center, a subsidiary of Children’s Healthcare of Atlanta (CHOA),
is a not-for-profit organization that treats children diagnosed with ASD and related
disorders. One service line of the Marcus Autism Center is the Pediatric Feeding
Disorders Program. The Pediatric Feeding Disorders Program conducts multidisciplinary
assessments to diagnose feeding disorders and provides treatment to children, both with
and without autism spectrum disorder, who have been diagnosed with feeding disorders.
Marcus Autism Center describes their criteria for diagnosis as follows, “A pediatric
feeding disorder is diagnosed when children fail to consume an adequate quantity or
quality of solids or liquids to sustain growth.”12 Marcus Autism Center classifies this
diagnosis as either medical or behavioral. The term for the medical diagnosis is Feeding
Difficulties and Mismanagement (code R63.3), while the behavioral diagnosis is referred
to as Avoidant Restrictive Food Intake Disorder (ARFID). According to the DSM-5 the
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diagnosis of ARFID is “An eating or feeding disturbance (e.g., apparent lack of interest
in eating or food; avoidance based on the sensory characteristics of food; concern about
aversive consequences of eating) as manifested by persistent failure to meet appropriate
nutritional and/or energy needs associated with one (or more) of the following:
Significant weight loss (or failure to achieve expected weight gain or faltering growth in
children); Significant nutritional deficiency; Dependence on enteral feeding or oral
nutritional supplements; Marked interference with psychosocial functioning.”13
Micronutrients are substances including vitamins and minerals that are required in
small amounts and are essential for proper growth and development.14 They are found in
foods and beverages, either naturally or as part of fortification. Deficiencies of vitamins
and minerals can cause serious health issues. A deficiency of iron, which is a mineral, can
lead to anemia, which can have a negative impact on cognition and immunity.15 If an
individual is deficient in vitamin D or calcium, which is a mineral, bones may not be
strong and might be more likely to break. 16-17 The micronutrient intake of children with
ASD and food selectivity as well as the adequacy of micronutrient intake compared to
recommended dietary intake guidelines in this population is unknown. In addition, we do
not yet know how food group acceptance affects the adequacy of micronutrient intake in
children with ASD and food selectivity. The purpose of this study was to evaluate the
adequacy of the micronutrient intake of children at the Marcus Autism Center who were
diagnosed with ASD and food selectivity. Because of the importance of micronutrients to
health, we wanted to examine all micronutrients that had either an Estimated Average
Requirement (EAR) or Adequate Intake (AI).We examined anthropometric parameters as
well as the number of food groups represented in the diet and the micronutrient intake of
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children in the population. Food group and micronutrient intake was compared with
recommended dietary guidelines and the EAR or AI for age and gender. We also
examined the association between food group and micronutrient intake for common
nutrients found in each food group in this population.18

Specific Aim 1: Compare the micronutrient intake of children with ASD and food
selectivity with recommended dietary intake guidelines.
Research Hypothesis 1: Micronutrient intake will be lower than recommended
dietary intake guidelines children in children with ASD and food selectivity
Null Hypothesis 1: There will be no difference between micronutrient intake and
recommended dietary intake guidelines in children with ASD and food selectivity

Specific Aim 2: Examine the association between the number of food groups represented
in the diet and micronutrient intake in children with ASD and food selectivity.
Research Hypothesis 2: Food group acceptance by children with ASD and food
selectivity will be associated with meeting micronutrient intake requirements for
common nutrients found in each food group
Null Hypothesis 2: No association will be observed between food group
acceptance by children with ASD and food selectivity and micronutrient intake
for common nutrients found in each food group

CHAPTER II
LITERATURE REVIEW
Autism Spectrum Disorder
Before ASD became the term used to describe autistic disorder, childhood
disintegrative disorder, pervasive developmental disorder-not otherwise specified and
Asperger syndrome, these disorders were identified separately. 1 Therefore, in much of the
research that has been conducted, the subjects are identified as having one of these
specific disorders, such as Asperger syndrome, rather than the blanket diagnosis of ASD.
Individuals with ASD may display difficulties with communication and socialization, as
well as a tendency towards routine and repetition. 1 While each of these disorders includes
aspects of these symptoms, the distinguishing factor has to do with the gravity of the
symptoms.4 In autistic disorder issues with communication, socialization, routine and
repetition develop by the age of three. 19 In contrast, children with childhood
disintegrative disorder develop communication and socialization skills, but those skills
disappear around age three or four.20 Children with pervasive developmental disorder-not
otherwise specified may not have all of the symptoms of autistic disorder or their
symptoms may not be as severe.21 Finally, children with Asperger syndrome may have
the same symptoms as those with autistic disorder, but be better able to function. 22

Food Selectivity and Dietary Intake in Children with ASD
Many researchers have noted that there is no standard definition of food
selectivity.5,6 Food selectivity has been considered to include picky eating, refusal of
5
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food, lack of variety of foods eaten, and food preferences based on the type, texture or
color of the food.5,7 Several studies have attempted to define food selectivity. In a study
by Bandini et al. (2010), the definition included three separate components: “food refusal,
limited food repertoire, and high frequency single food intake”.5 The study found that,
compared to typically developing children, children with ASD had higher levels of food
refusal and a more limited amount of foods eaten. Schreck et al. (2004) compared the
dietary intake of 138 children with ASD with a control group of 298 children. 11
Compared to the children in the control group, children with ASD consumed fewer foods
from each of the following food groups: fruits, dairy, vegetables, proteins and starches.
This study found that children with ASD have more feeding problems than typically
developing children. In a later study by Schreck and Williams (2006), that expanded on
the data obtained from the 2004 study, foods that were accepted by more than 50% of the
children with autism were identified and categorized into food groups.23 These groups
included fruits, juices, vegetables, proteins, starches and dairy. The food groups with the
most individual foods accepted included proteins and starches, while the food groups
with the least amount of individual foods accepted were vegetables, dairy, juices and
fruits.
Emond et al. (2010) evaluated seventy-nine children with ASD compared to
12,901 children in a control group, those with ASD were found to consume fewer
vegetables and fresh fruits.24 The children with ASD also ate a lower variety of foods
than those in the control group. However, despite these findings, the researchers did not
find a difference in the amount of carbohydrates, fats and proteins consumed between the
children with ASD and the children in the control group. Ho et al. (1997) conducted a
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study of 54 children in Canada who met the criteria for ASD; researchers evaluated a
three-day food record to compare their intake of macronutrients to Recommended
Nutrient Intake.25 Recommended Nutrient Intake (RNI) is the Canadian equivalent of the
United States’ Recommended Dietary Allowance (RDA). The researchers also wanted to
see if the children were consuming proper quantities of food from each food group. They
found that protein intake was sufficient overall, while carbohydrate intake was high and
fat intake was low. For the food groups, only 7% met recommendations for bread/cereal,
milk/dairy, meat/alternates and fruits/vegetables.
Sharp et al. (2011) conducted a retrospective chart review of 13 children who
participated in the Pediatric Feeding Disorders Program at Marcus Autism Center.7 The
children were all confirmed to have both ASD and food selectivity. In addition to direct
observation, three-day food diaries, as well as a list of commonly accepted foods were
reviewed for the children. Before participating in the treatment program, the children did
not have a high acceptance of foods from the fruit, vegetable or protein groups. However,
after treatment, the amount of foods accepted increased, including foods from those
groups.

Micronutrient Status in Children with ASD
Serum Micronutrient Levels
Latif et al. (2002) examined the iron status of fifty-two children with autism and
forty-four children with Asperger syndrome.26 Evaluation of iron status was conducted
using full blood count. Measurements of serum ferritin were also examined, although this
measurement was not available for all children. The study found that six of the children
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who were autistic and two of the children with Asperger syndrome had iron deficiency
anemia. Twelve of the twenty-three autistic children who had serum ferritin
measurements available were iron deficient. Three of the twenty-two children with
Asperger syndrome who had serum ferritin measurements available were iron deficient.
The researchers concluded that iron deficiency is a significant issue for children with
ASD and that the deficiency could be a result of food selectivity.

Micronutrient Intake
In a study by Shearer et al. (1982) a three-day food record of twelve children with
ASD was evaluated to determine the status of niacin, thiamin, riboflavin, ascorbate,
Vitamin A, calcium, phosphorous and iron.27 The children’s intake, based on the threeday food record, was compared to the RDA for those micronutrients. The results
indicated that the children were near or above the RDA for all micronutrients studied,
with the lowest levels of calcium (92 ± 10, as a percent of RDA) and thiamin (103 ± 7, as
a percent of RDA). From these results the researchers concluded that children with ASD
were consuming a diet that provided sufficient amounts of micronutrients. However, they
did recognize that children with ASD were more likely to experience issues with
obtaining sufficient nutrition as a result of their preferences related to food. In a
retrospective chart review of 13 children with ASD conducted by Sharp et al. (2011), the
researchers found “…most participants missing key vitamins (e.g., B-6, E, pantothenic
acid, folate) and minerals (e.g., copper, magnesium, potassium).”7
A Canadian study by Ho et al. (1997) of 54 children with ASD examined the
three-day food record of children with ASD and compared the micronutrient intake to
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RNI.25 Some of the children were taking vitamin and mineral supplements, which could
have skewed the results of the study. Eighteen of the children who were receiving some
form of supplementation met RNI. However, 18 children who were not receiving calcium
supplementation had a low intake of calcium. Three children were found to have low
levels of serum iron. The researchers identified calcium and iron as the two
micronutrients that were lacking for some of the children. In a study by Bandini et al.
(2010) that examined food selectivity and micronutrient status, the researchers evaluated
three-day food records of 53 children with ASD. 5 The researchers compared the intake of
calcium, vitamin A, vitamin C, vitamin D, vitamin E, zinc and iron to the EAR or AI for
that particular micronutrient. The highest levels of inadequacy were found for vitamin D,
vitamin E and calcium. 79.2% did not meet the EAR or AI for vitamin D, 62.5% did not
meet the EAR or AI for vitamin E and 64.6% did not meet the EAR or AI for calcium.
The researchers concluded that these inadequacies could be related to the limited number
of foods consumed by the children with ASD. A study by Schmitt et al. (2008) examined
the nutrient intake of 20 children with ASD and 18 children without ASD who served as
a control group.28 Parents of all children completed a questionnaire, which included
questions about nutrition, as well as a three-day food record. Researchers compared the
food intake to the RDA and reported that the autistic children only had insufficient
intakes of vitamins E and K.

CHAPTER III
METHODS
Sample Population
The study population included all children with a diagnosis of both food
selectivity and autism spectrum disorder who were evaluated at the Pediatric Feeding
Disorders Program of Marcus Autism Center between August 2015 and February 2016 as
participants of the IRB approved “Dietary Diversity and Feeding Behavior of Children
with Pediatric Feeding Disorders Before and After Admission to an Interdisciplinary
Feeding Disorders Treatment Program" study. De-identified patient data was extracted
from the study database of Children’s Healthcare of Atlanta, Marcus Autism Center by
The Marcus Autism Center Lead Nutritionist. The de-identified data was entered into a
SPSS database. To ensure privacy and confidentiality, patients were assigned a unique
and random numeric identification code. Non-human subjects’ research approval was
requested and approved from Georgia State University IRB.

Study Design
The design of this study is a retrospective cohort study. The study data provided
by the Lead Nutritionist included demographic data (age, gender) and anthropometric
data (length or height in cm, weight in kg). Body mass index (BMI) was calculated using
the weight and length or height measurements. The data provided also included the foods
usually accepted by the child, current medications and supplements and a three-day food
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record. The number of food groups represented in the diet and micronutrient intake was
determined for each child.

Data Analysis
Analysis of the three-day food record was conducted using Food Processor
Nutrition Analysis software (ESHA Research, Oregon). The demographic,
anthropometric and food as well as nutrient intake of the population was described using
frequency statistics. Normality statistics were conducted to determine the appropriate
measure of central tendency for reporting purposes. Frequency statistics were used to
compare micronutrient intake to the EAR. For those micronutrients that did not have an
established EAR, an AI was used. The EAR or AI value was determined by life stage
groups that are specified by the Food and Nutrition Board of the Institute of Medicine.29
Frequency statistics were used to determine the number of children who met the EAR or
AI by whether or not a food group was consumed. Not all food groups are good sources
of each micronutrient. For example, the fruit group is a good source of vitamin C while
the protein group is a good source of iron. Five of the most common micronutrients
provided by each food group were identified using a nutrition reference text.18 The
common micronutrients provided by these food groups were examined individually to
determine if consuming the food group led to meeting the EAR or AI of that
micronutrient. The growth percentiles of the children were plotted using the Centers for
Disease Control and Prevention (CDC) growth charts for children 2 to 20 years of age.
The children were plotted for weight-for-age, stature-for-age and calculated BMI-for-age.
A BMI plotted between the 5th percentile to less than the 85th percentile was considered
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to be a healthy weight. A BMI plotted between the 85th percentile and less than the 95th
percentile was considered overweight. A BMI plotted at equal to or greater than the 95th
percentile was considered obese.30 All statistical analyses were performed using SPSS
(version 22.0, IBM Corporation, Armonk, New York)

CHAPTER IV
RESULTS
The demographic and anthropometric characteristics of the population are shown in
Table 1. The vast majority of the study population was male (90.5%) with a mean age of
7 + 4 years (range, 2 to 17 years). Approximately half (57%) of the children had a BMI
within the healthy range. Of the children in the study, 19% were overweight and 19%
were obese. Only one child (5%) was underweight.

Table 1: Demographic and Anthropometric Characteristics of the Total Population
Characteristic

Total Population (N=21)

Age (years)*

7±4

Gender [n (%)]
Male

19 (90.5)

Female

2 (9.5)

Weight (kg)*

27.1 ± 13.1

Height (cm)*

121.0 ± 22.8

BMI (kg/m2)*

17.6 + 2.7

*Mean ± SD
kg – kilograms, cm – centimeters

The micronutrient intake of the total population can be found in Appendix A. The
micronutrients selected represent those measured by the Food Processor software
program that have an EAR or AI. The results are provided as either mean + standard
13
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deviation or as the median with associated interquartile ranges of 25% and 75% based on
the outcome of normality testing. The percentage of children who met the EAR or AI for
each micronutrient subdivided by age group is shown in Table 2. None of the
micronutrient EARs or AIs were met by all children in all of the age groups. Fewer than
50% of the population met the EAR/AI for 11 nutrients while >50% but <100% of the
children met the EAR/AI for 14 nutrients. No child met the EAR/AI for chromium,
fluoride or potassium. Eight children were receiving either a multivitamin, multivitamin
with iron or other mineral supplement.
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Table 2: Percentage of the Population that Met the Estimated Average Requirement or
Adequate Intake

Nutrients*
[n (%)]
Vitamin A (mcg)

Age Group
1 – 3 years
(n=4)
4 (100)1

4 – 8 years
(n=10)
5 (50)3

9 – 13 years
(n=5)
2 (40)1

14 – 18 years
(n=2)
0 (0)

Vitamin B1 (mg)

3 (75)1

10 (100)5

2 (40)1

1 (50)

Vitamin B2 (mg)

4 (100)1

9 (90)5

2 (40)1

1 (50)

Vitamin B3 (mg)

3 (75)1

8 (80)5

3 (60)1

1 (50)

Vitamin B6 (mg)

4 (100)1

8 (80)5

3 (60)1

1 (50)

Vitamin B12 (mcg)

4 (100)1

6 (60)2

3 (60)1

1 (50)

Biotin (mcg)**

2 (50)

2 (22) [n=9]

0 (0) [n=3]

1 (50)

Vitamin C (mg)

4 (100)1

7 (70)4

2 (40)

1 (50)

Vitamin D (mcg)

0 (0)

3 (30)1

0

1 (50)

Vitamin E (mg)

1 (25)1

1 (10)1

2 (40)

0 (0)

Folate (mcg)

1 (25)1

4 (40)2

1 (20)1

0 (0)

Vitamin K (mcg)**

0 (0)

1 (10)1

0 (0)

0 (0)

Pantothenic Acid (mg)**

2 (50)1

5 (50)2

0 (0)

0 (0)

Calcium (mg)

3 (75)1

3 (30)1

0 (0)

1 (50)

Chromium (mcg)**

0 (0)

0 (0) [n=7]

0 (0)

0 (0)

*Estimated Average Requirement unless otherwise noted, **Adequate Intake
1
one child was taking a supplement, 2two children were taking a supplement, 3three
children were taking a supplement, 4four children were taking a supplement, 5five
children were taking a supplement
mcg – micrograms, mg – milligrams
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Table 2: Percentage of Population that Met the Estimated Average Requirement or
Adequate Intake (continued)
Copper (mg)

3 (75)1

8 (80)5

0 (0)

0 (0)

Fluoride (mg)**

0 (0)

0 (0) [n=8]

0 (0)

0 (0)

Iodine (mcg)

2 (50)

3 (43) [n=7]1

1 (33) [n=3]

1 (50)

Iron (mg)

4 (100)1

10 (100)5

4 (80)2

2 (100)

Magnesium (mg)

4 (100)1

7 (70)4

0 (0)

0 (0)

Manganese (mg)**

2 (50)1

4 (40)4

0 (0)

1 (50)

Molybdenum (mcg)

0 (0)

3 (60) [n=5]

0 (0) [n=3]

0 (0)

Phosphorous (mg)

3 (75)1

8 (80)5

0 (0)

1 (50)

Potassium (mg)**

0 (0)

0 (0)

0 (0)

0 (0)

Selenium (mcg)

3 (75)1

10 (100)5

1 (20)

1 (50)

Sodium (mg)**

4 (100)1

9 (90)4

4 (80)1

2 (100)

Zinc (mg)

4 (100)1

6 (60)4

1 (20)

0 (0)

Choline (mg)**

0 (0)

1 (10)

0 (0)

0 (0)

*Estimated Average Requirement unless otherwise noted, **Adequate Intake
1
one child was taking a supplement, 2two children were taking a supplement, 3three
children were taking a supplement, 4four children were taking a supplement, 5five
children were taking a supplement
mcg – micrograms, mg – milligrams

Food group acceptance for each food group is shown in Table 3. No food group
was universally accepted by all children in this study. All but one child accepted foods
from the grain group. The vegetable group had the lowest rate of acceptance, with
approximately half (52.4%) of the children not accepting foods from that group.
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Table 3: Percent Acceptance of Each Food Group in the Total Population
Food Group

Accepts

Does Not Accept

[n (%)]

[n (%)]

Fruit

14 (66.7)

7 (33.3)

Protein

18 (85.7)

3 (14.3)

Grain

20 (95.2)

1 (4.8)

Vegetable

10 (47.6)

11 (52.4)

Dairy

14 (66.7)

7 (33.3)

Tables 4 – 8 show five micronutrients that are commonly obtained from each food
group and whether or not there was an association between food group acceptance status
and adequacy of micronutrient intake. Of the children who consumed fruit, 12 of 14
(86%), met the EAR for vitamin C vs. only 2 of 7 who did not consume fruit (p=0.017).
No other significant associations were observed.
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Table 4: Adequacy of Micronutrient Intake by Fruit Food Group Acceptance
Micronutrient

Accepted*

Did Not Accept*

EAR or AI Status

n=14

n=7

Met

8 (38.1)

3 (14.3)

Did Not Meet

6 (28.6)

4 (19)

12 (57.1)

2 (9.5)

P-value

Vitamin A

0.659

Vitamin C
Met

0.017
Did Not Meet

2 (9.5)

5 (23.8)

3 (14.3)

3 (14.3)

Folate
Met

0.354
Did Not Meet

11 (52.4)

4 (19)

Met

5 (23.8)

2 (9.5)

Did Not Meet

9 (42.9)

5 (23.8)

Met

0 (0)

0 (0)

Did Not Meet

14 (66.7)

7 (33.3)

Manganese

1.00

Potassium

**
EAR – estimated average requirement, AI – adequate intake
*n (%)
**No statistics computed because the value is a constant
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Table 5: Adequacy of Micronutrient Intake by Protein Food Group Acceptance
Micronutrient

Accepted*

Did Not Accept*

EAR or AI Status

n=18

n=3

Met

13 (61.9)

2 (9.5)

Did Not Meet

5 (23.8)

1 (4.8)

14 (66.7)

2 (9.5)

P-value

Vitamin B3

1.00

Vitamin B6
Met

1.00
Did Not Meet

4 (19)

1 (4.8)

11 (52.4)

3 (14.3)

Vitamin B12
Met

0.521
Did Not Meet

7 (33.3)

0 (0)

Met

17 (81)

3 (14.3)

Did Not Meet

1 (4.8)

0 (0)

Met

9 (42.9)

2 (9.5)

Did Not Meet

9 (42.9)

1 (4.8)

Iron

1.00

Zinc

1.00
EAR – estimated average requirement, AI – adequate intake
*n (%)
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Table 6: Adequacy of Micronutrient Intake by Grain Food Group Acceptance
Micronutrient

Accepted*

Did Not Accept* P-value

EAR or AI Status

n=20

n=1

Met

15 (71.4)

1 (4.8)

Did Not Meet

5 (23.8)

0 (0)

15 (71.4)

1 (4.8)

Vitamin B1

1.00

Vitamin B2
Met

1.00
Did Not Meet

5 (23.8)

0 (0)

15 (71.4)

1 (4.8)

Vitamin B6
Met

1.00
Did Not Meet

5 (23.8)

0 (0)

Met

14 (66.7)

1 (4.8)

Did Not Meet

6 (28.6)

0 (0)

Met

10 (47.6)

1 (4.8)

Did Not Meet

10 (47.6)

0 (0)

Selenium

1.00

Zinc

1.00
EAR – estimated average requirement, AI – adequate intake
*n (%)

21
Table 7: Adequacy of Micronutrient Intake by Vegetable Food Group Acceptance
Micronutrient

Accepted*

Did Not Accept* P-value

EAR or AI Status

n=10

n=11

Met

5 (23.8)

6 (28.6)

Did Not Meet

5 (23.8)

5 (23.8)

2 (9.5)

2 (9.5)

Vitamin A

1.00

Vitamin E
Met

1.00
Did Not Meet

8 (38.1)

9 (42.9)

0 (0)

1 (4.8)

Vitamin K
Met

1.00
Did Not Meet

10 (47.6)

10 (47.6)

Met

6 (28.6)

5 (23.8)

Did Not Meet

4 (19)

6 (28.6)

Met

0 (0)

0 (0)

Did Not Meet

10 (47.6)

11 (52.4)

Magnesium

0.670

Potassium

**
EAR – estimated average requirement, AI – adequate intake
*n (%)
**No statistics computed because the value is a constant
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Table 8: Adequacy of Micronutrient Intake by Dairy Food Group Acceptance
Micronutrient

Accepted*

Did Not Accept* P-value

EAR/AI Status

n=14

n=7

Met

9 (42.9)

2 (9.5)

Did Not Meet

5 (23.8)

5 (23.8)

10 (47.6)

4 (19)

Vitamin A

0.183

Vitamin B12
Met

0.638
Did Not Meet

4 (19)

3 (14.3)

3 (14.3)

1 (4.8)

Vitamin D
Met

1.00
Did Not Meet

11 (52.4)

6 (28.6)

Met

6 (28.6)

1 (4.8)

Did Not Meet

8 (38.1)

6 (28.6)

Met

9 (42.9)

3 (14.3)

Did Not Meet

5 (23.8)

4 (19)

Calcium

0.337

Phosphorous

0.397
EAR – estimated average requirement, AI – adequate intake
*n (%)

CHAPTER V
DISCUSSION
The purpose of this study was to examine the micronutrient intake of children
diagnosed with both ASD and food selectivity. The micronutrient intake of the children
in this study was compared to both recommended dietary guidelines as well as the food
groups accepted by the children. The majority of the children did not meet their overall
micronutrient needs. In particular, older children (9 – 18 years of age) were less likely to
meet the recommended dietary guidelines than younger children (1 – 8 years of age). In
general, micronutrient intake in our population was not consistent with recommended
dietary intake guidelines. Therefore, we reject null hypothesis 1 that there will be no
difference between micronutrient intake and recommended dietary intake guidelines in
children with ASD and food selectivity.
A higher percentage of children who accepted foods from the protein, grain and
dairy groups were more likely to meet the EAR or AI for some of the common
micronutrients found in those foods than children that did not accept foods from those
groups. For example, children who accepted protein were more likely to meet iron
requirements, children who accepted grains were more likely to meet vitamin B1
requirements and children who accepted dairy were more likely to meet vitamin B12
requirements. However, these associations were not statistically significant. The
percentages of children who accepted foods in the fruit and vegetable group and also met
requirements for the common micronutrients were low. Notably, no child met the
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requirements for potassium, even though 67% of the children accepted fruit. There are a
number of possible explanations for that result, including that consumption of fruit
overall may have been limited or that the fruit consumed was not a good source of
potassium. When we examined the association between adequacy of micronutrient intake
(met vs. did not meet the dietary guidelines) and food group acceptance (accepted vs. not
accepted), the only significant relationship found was with the acceptance of fruit and
adequate vitamin C intake. Therefore, we fail to reject null hypothesis 2 that no
association will be observed between food group acceptance by children with ASD and
food selectivity and micronutrient intake for the majority of the common nutrients found
in each food group. Some children met the EAR or AI of common micronutrients without
consuming foods high in those nutrients which may have been due to supplementation.
Over half of the children in this study had a BMI within the healthy range.
However, 38% had a BMI that categorized them as either overweight or obese. To
explain the high prevalence of overweight/obesity, it is important to look at the foods
being consumed by the children in this study. Those foods included pizza, cookies,
French fries, chicken nuggets and potato chips, all of which could contribute to weight
gain. A study by Schreck et al. (2006) of children with ASD found similar results in
terms of food consumption. In that study, some of the foods eaten by the majority of the
children included cake, cookies, French fries, pizza and potato chips. 23
In our study population, the EAR for iron was met by most children (95%). The
majority of children in the current study (18 of 21) accepted protein. In addition, many
foods are fortified with vitamins and minerals, so it is possible that iron requirements
were met through fortified foods as well. In a previous study by Latif et al. (2002), the
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iron status of fifty-two children with autism and forty-four children with Asperger
syndrome was examined.26 The researchers found that eight of the children had iron
deficiency anemia. Of the forty five children who had serum ferritin measurements
available, fifteen (33%) were iron deficient. The current study did not include laboratory
data. Therefore, we were unable to determine the number of children who were iron
deficient. Another study conducted by Shearer et al. (1982) utilized a three-day food
diary to evaluate the micronutrient status of niacin, thiamin, riboflavin, vitamin C, and
vitamin A, calcium, phosphorous and iron in a population of children with autism.27 This
study compared intake to the RDA for those micronutrients. The RDA is a higher value
than the EAR or AI, yet the study still found that the children were near or above the
RDA for all micronutrients examined. In our study, most children did not meet the EAR
or AI for these micronutrients. One possible explanation for these contradictory findings
could be that the children in the previous study were not truly food selective, whereas our
study population had been medically diagnosed with food selectivity. Another possible
explanation for the divergent results compared to our study could have to do with Shearer
et al. (1982) being an older study. The definition and methods of diagnosis of ASD have
evolved over time, so the population for their study may not have been similar to ours in
terms of ASD. Schmitt et al. (2008) also compared intake to RDA and only found
inadequate intakes for vitamin E and K.28 However, they did report that 45% of the
autistic children were taking some form of supplementation, which could have skewed
the results.
Sharp et al. (2011), looked at three-day food diaries and lists of foods frequently
consumed, as well as gathered data from the observation of 13 children with ASD. They
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found micronutrient deficiencies, including for “key vitamins (e.g., B-6, E, pantothenic
acid, folate) and minerals (e.g., copper, magnesium, potassium).” 7 While our study did
find that most or all of the children weren’t meeting requirements for vitamin E,
pantothenic acid, folate and potassium, the majority of children in our study were
meeting requirements for vitamin B6, magnesium and copper. This variability in findings
could be due to the reference intakes used. Our study used EAR or AI, but the reference
value used does not seem to be specified in their article. A Canadian study conducted by
Ho et al. (1997) evaluated the micronutrient intake of 54 children with ASD.25 Using a
three-day food diary, the researchers compared intake of energy, carbohydrate, protein,
fat and select vitamins and minerals with the RNI. Approximately one-third (n=18) of the
children were receiving vitamin/mineral supplementation and met the RNI for all
nutrients examined, while eighteen children who were not taking calcium supplements
had a low intake of calcium and three children had low intake levels of iron. Eight of the
children in our study were receiving vitamin/mineral supplementation, but those children
did not meet the EAR or AI for all micronutrients. It is possible that the children in the
Canadian study were taking more supplements or supplements that contained higher
levels of micronutrients. In a study by Bandini et al. (2010) the three-day food diaries of
53 children with ASD were analyzed and the intake of calcium, vitamin A, vitamin C,
vitamin D, vitamin E, zinc and iron were compared the corresponding EAR or AI.5 The
micronutrients least likely to have met the recommended requirements were vitamin D,
vitamin E and calcium with only 20.8%, 37.5%, and 35.4% of the population meeting the
requirements, respectively. In the current study, fewer children met the EAR for these
nutrients (19%, 19% and 33%, respectively). Calcium and vitamin D are commonly
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found in dairy products, while vitamin E is often found in vegetables. In the current
study, approximately two-thirds (67%) of the population accepted dairy while only half
(48%) accepted vegetables.
We observed no food group accepted by all children in our study and the food
group with the least acceptance was the vegetable group. This is similar to the results
found in other studies. A study by Schreck et al. (2004) compared 138 children with ASD
with a control group of 298 children.11 The children with ASD consumed fewer foods
than the control group from each of the following food groups: fruits, dairy, vegetables,
proteins and starches. Another study by Emond et al. (2010) examined seventy-nine
children with ASD compared to a control group of 12,901 children and found that those
with ASD consumed fewer vegetables and fresh fruits.24 Ho et al. (1997) evaluated the
three-day food diary of 54 children in Canada with ASD and reported that the children
were consuming enough protein, but only 7% met recommendations for bread/cereal,
milk/dairy, meat/alternates and fruits/vegetables. 25 In the retrospective chart review of 13
children with ASD conducted by Sharp et al. (2011), foods from the fruit, vegetable and
protein groups were minimally accepted before the start of treatment for food selectivity. 7
The current study has several limitations. The sample size was small compared to
the populations in previous studies. In addition, a retrospective cohort study design does
not permit researchers to clarify any food diary or food group data that are unclear. The
lack of access to laboratory tests for serum micronutrient levels prohibited us from
determining if there is an association between micronutrient adequacy and serum
micronutrient status. The micronutrient intake for this study population was based on the
analysis of a three-day food diary provided by the caregiver of the child, but food diaries
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can be inaccurate, omitting foods consumed or providing incorrect portion sizes. The
study also could have been limited by the Food Processor software used to analyze the
children’s food diaries. The nutrition information for some micronutrients and foods in
the Food Processor database may be missing which would lead to incorrect micronutrient
intake results.
In conclusion, the population of children with ASD and food selectivity at the
Marcus Autism Center did not meet all of the recommended dietary micronutrient intake
guidelines. Adequacy of micronutrient intake was not related to food group acceptance.
There is a lack of research evaluating the micronutrient status of children officially
diagnosed by medical professionals with both ASD and food selectivity. It seems that our
population was one of the few that had the dual diagnosis confirmed by medical
professionals. Our results indicate that micronutrient deficiencies are likely a concern in
children with ASD and food selectivity. These findings, while preliminary, can help
guide medical professionals who are treating patients with ASD. Micronutrient status of
children with ASD should be evaluated to ensure that micronutrient requirements are
being met through diet or supplements. Since most previous studies of children with
feeding disorders have not examined populations where the children have been medically
diagnosed with both ASD and food selectivity, future research should be focused on this
population. Future research should also include larger populations of children with both
diagnoses and include serum micronutrient data to confirm or deny the presence of
micronutrient deficiencies.

REFERENCES
1. Autism Speaks. What is Autism? https://www.autismspeaks.org/what-autism.
Accessed November 23, 2015.
2. Marcus Autism Center. Autism Spectrum Disorders. http://www.marcus.org/AutismResources/Diagnoses-and-Disorders/Autism-Spectrum-Disorders. Accessed
November 22, 2015.
3. Centers for Disease Control and Prevention. Autism Spectrum Disorder (ASD).
http://www.cdc.gov/ncbddd/autism/facts.html. Accessed November 22, 2015.
4. Highlights of Changes from DSM-IV-TR to DSM-5.
http://www.dsm5.org/Documents/changes%20from%20dsm-iv-tr%20to%20dsm5.pdf. Accessed January 8, 2016.
5. Bandini LG, Anderson SE, Curtin C, et al. Food selectivity in children with autism
spectrum disorders and typically developing children. J Pediatr. 2010;157(2):259264.
6. Cermak SA, Curtin C, Bandini LG. Food selectivity and sensory sensitivity in
children with autism spectrum disorders. J Am Diet Assoc. 2010;110(2):238-246.
7. Sharp WG, Jaquess DL, Morton JF, Miles AG. A Retrospective Chart Review of
Dietary Diversity and Feeding Behavior of Children With Autism Spectrum Disorder
Before and After Admission to a Day-Treatment Program. FOCUS. 2011;26(1):3748.
8. Sharp W, Berry R, McCracken C, et al. Feeding Problems and Nutrient Intake in
Children with Autism Spectrum Disorders: A Meta-analysis and Comprehensive
Review of the Literature. J Autism Dev Disord. 2013;43(9):2159-2173.
9. Hubbard KL, Anderson SE, Curtin C, Must A, Bandini LG. Research: A Comparison
of Food Refusal Related to Characteristics of Food in Children with Autism Spectrum
Disorder and Typically Developing Children. J Acad Nutr Diet. 2014;114:1981-1987.
10. Zimmer M, Hart L, Manning-Courtney P, Murray D, Bing N, Summer S. Food
Variety as a Predictor of Nutritional Status Among Children with Autism. J Autism
Dev Disord. 2012;42(4):549-556.
11. Schreck KA, Williams K, Smith AF. A Comparison of Eating Behaviors Between
Children with and Without Autism. J Autism Dev Disord. 2004;34(4):433-438.
12. Marcus Autism Center. Feeding Disorders. http://www.marcus.org/AutismResources/Diagnoses-and-Disorders/Feeding-Disorders. Accessed December 6, 2015.
29

30
13. Fisher MM, Rosen DS, Ornstein RM, et al. Characteristics of Avoidant/Restrictive
Food Intake Disorder in Children and Adolescents: A “New Disorder” in DSM-5. J
Adolesc Health. 2014;55(1):49-52.
14. World Health Organization - Nutrition - Micronutrients.
http://www.who.int/nutrition/topics/micronutrients/en/. Accessed July 14, 2016.
15. National Institutes of Health, Office of Dietary Supplements - Iron.
https://ods.od.nih.gov/pdf/factsheets/Iron-HealthProfessional.pdf. Accessed July 12,
2016.
16. National Institutes of Health, Office of Dietary Supplements - Vitamin D.
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/. Accessed July 12,
2016.
17. National Institutes of Health, Office of Dietary Supplements - Calcium.
https://ods.od.nih.gov/pdf/factsheets/Calcium-HealthProfessional.pdf. Accessed July
12, 2016.
18. Blake JS. Nutrition & You. 3rd Edition. Boston (MA): Pearson Education, Inc.; 2015.
19. Children’s Hospital of Wisconsin. Autistic disorder. http://www.chw.org/medicalcare/child-development-center/developmental-disorders/pervasive-developmentaldisorders-pdd/autistic-disorder/. Accessed February 8, 2016.
20. U.S. National Library of Medicine. Childhood disintegrative disorder: MedlinePlus
Medical Encyclopedia.
https://www.nlm.nih.gov/medlineplus/ency/article/001535.htm. Accessed February 8,
2016.
21. Autism Speaks. PDD-NOS. https://www.autismspeaks.org/what-autism/pdd-nos.
Accessed February 8, 2016.
22. Autism Speaks. Asperger Syndrome. https://www.autismspeaks.org/whatautism/asperger-syndrome. Accessed January 8, 2016.
23. Schreck KA, Williams K. Food preferences and factors influencing food selectivity
for children with autism spectrum disorders. Res Dev Disabil. 2006;27(4):353-363.
24. Emond A, Emmett P, Steer C, Golding J. Feeding symptoms, dietary patterns, and
growth in young children with autism spectrum disorders. Pediatrics.
2010;126(2):e337-e342.
25. Ho HH, Eaves LC, Peabody D. Nutrient Intake and Obesity in Children with Autism.
FOCUS. 1997;12(3):187-192.
26. Latif A, Heinz P, Cook R. Iron deficiency in autism and Asperger syndrome. Autism.
2002;6(1):103-114.

31
27. Shearer TR. Minerals in the hair and nutrient intake of autistic children. J Autism Dev
Disord. 1982;12:25-34.
28. Schmitt L, Heiss CJ, Campbell EE. A Comparison of Nutrient Intake and Eating
Behaviors of Boys With and Without Autism: Top Clin Nutr. 2008;23(1):23-31.
29. Food and Nutrition Information Center. Dietary Reference Intakes: Estimated
Average Requirements, Recommended Intakes, Acceptable Macronutrient
Distribution Ranges, and Tolerable Upper Intake Levels.
https://fnic.nal.usda.gov/sites/fnic.nal.usda.gov/files/uploads/recommended_intakes_i
ndividuals.pdf. Accessed June 22, 2016.
30. Centers for Disease Control and Prevention. Growth Charts - Clinical Growth Charts.
http://www.cdc.gov/growthcharts/clinical_charts.htm. Accessed June 23, 2016.

Appendix A: Micronutrient Intake of the Total Population
Total Population (N=21)+
325.40 ± 240.63
1.06 ± 0.77
1.50 ± 1.30
13.16 ± 8.76
0.97 ± 0.63
2.83 ± 2.65
15.12 ± 19.56
62.77 ± 59.64
4.60 ± 4.60
2.42 (0.64, 4.27)
155.11 ± 105.86
13.47 ± 19.49
2.47 ± 1.61
735.91 ± 528.79
0.36 (0.24, 1.43)
0.50 ± 0.24
0.72 ± 2.32
60.92 (17.46, 197.35)
14.51 ± 13.12
132.07 (79.58, 183.53)
1.13 ± 0.58
8.30 (4.00, 18.10)
663.00 ± 335.90
1676.46 ± 964.92
39.72 ± 31.00
2454.81 ± 1597.84
5.97 ± 3.16
107.71 ± 98.07

Nutrient*
Vitamin A (mcg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Vitamin B3 (mg)
Vitamin B6 (mg)
Vitamin B12 (mcg)
Biotin (mcg)
Vitamin C (mg)
Vitamin D (mcg)
Vitamin E (mg)**
Folate (mcg)
Vitamin K (mcg)
Pantothenic Acid (mg)
Calcium (mg)
Chromium (mcg)** [n=15]
Copper (mg)
Fluoride (mg) [n=17]
Iodine (mcg)** [n=16]
Iron (mg)
Magnesium (mg)**
Manganese (mg)
Molybdenum (mcg)** [n=14]
Phosphorous (mg)
Potassium (mg)
Selenium (mcg)
Sodium (mg)
Zinc (mg)
Choline (mg)

*Mean ± SD unless otherwise noted
**Median (Interquartile range 25%, 75%)
+N=21 unless otherwise noted, mcg – micrograms, mg - milligrams
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