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Abstract

Background: Attention Deficit Hyperactivity Disorder (ADHD) is a
neurodevelopmental disorder with a US pediatric prevalence of 10%. It presents with
inattention and hyperactivity/impulsivity as well as emotional dysregulation (ED)
symptoms such a s irritability and defiant behavior, typical of Oppositional Defiance
Disorder (ODD) and Disruptive Mood Dysregulation Disorder (DMDD). The etiology of
ADHD is multi-factorial with suggested effects related to diet.

Objectives: Building on prior studies, this study examines the association of diet quality
with ADHD and emotional dysregulation symptoms among a pediatric population.

Methods: This cross-sectional study utilized baseline data for 134 children age 6-12
years old with symptoms of ADHD/ED enrolled in a randomized control trial of multi-
nutrient supplementation. Diet quality was based on Healthy Eating Index-2015 (HEI-
2015) determined from the Vioscreen food frequency questionnaire. ADHD, ODD and
DMDD symptoms were assessed using the Child and Adolescent Symptom Inventory-5.
Other ED symptoms were assessed using the Strengths and Difficulties Questionnaire.
Analysis for association was conducted using linear regression models, adjusting for
covariates when necessary.

Results: We found family income level to be significantly inversely associated with
severity of hyperactivity (p = 0.04), emotional problems (p=0.01), conduct problems

(p=0.002), along with ODD (p=0.004) and DMDD (p=0.005) symptoms. Mean HEI-2015



score was 63.4 (SD=8.8) and it was not significantly associated with any of the outcome
symptoms. However, scores of HEI components vegetables (f=-0.118, p=0.016) and
refined grains (=0.052, p=0.017) were both associated with inattention even after
adjusting for covariates. Similarly, total fruit (B=-0.423, p=0.037) was associated with
conduct problems even after adjusting for covariates.

Conclusions: While better vegetable and total fruit scores were associated with better
symptoms in aspects of ADHD and emotional dysregulation, overall diet quality was not
associated with inattention, hyperactivity/impulsivity, and ED symptom severities among
this cohort of children. Our findings could be explained by the fact that our study sample
had a good diet quality and were only mildly impaired in their ADHD and emotional

dysregulation symptoms.



Acknowledgments

First, I would like to express my gratitude for my advisor and mentor, Dr. Irene
Hatsu, for providing me with the opportunity to participate in this research by taking a
chance on me two years ago. Her direction throughout this research and writing of this
thesis is invaluable and will serve me well as | continue my studies. Additionally, 1
would like to thank the rest of my thesis committee, Dr. Tonya Orchard and Dr. James
Odei, for their insightful feedback and guidance as | proceeded through this project.

| would also like to thank the current and former members of the Hatsu Lab who
contributed to this research. First, thanks to Dr. Leanna Eiterman and Madeline Stern
who were instrumental in the clinical trial from which the data for this thesis was derived
and were also great mentors and friends during my first year of graduate school. Thanks
to my current lab mates: Maryan Dualle for providing me with fresh perspectives on my
research, and Alethia Tefft and Marino Marko who made life better through their help,
boundless energy, and friendship.

Finally, I would like to thank my family: my husband Clint Robinette for his
selflessness and encouragement, and my children, Claire and Joseph, for being my
inspiration to never stop learning and for giving me grace as | navigated this new role.
And most of all, thanks to God for the many blessings in my life and for opening doors

when it seemed impossible.



Vita

May 1997 ..o Sycamore High School

May 2003.......cccocveevreireiese e B.S. Chemical Engineering, University of Cincinnati
2003-2006........ccereererreeiesiesreienes Chemical Engineer, BP Chemical Company
2006-2019.......cccvevieieceee e Chemical Engineer, Eastman Chemical Company
2019 to present .......coceeeeevvecieveennenn Graduate Teaching Assistant, Department of

Human Sciences, The Ohio State University

Fields of Study

Major Field: Human Nutrition



Table of Contents

ADSTTACT ...t bbb s i
ACKNOWIBAGMENES. ...ttt e sre e enes iv
AV OSSR %
TabIe OF CONENTS ...ttt bbb Vi
LISt OF TADIES ...t bbbttt be e ens vii
LISE OF FIQUIES ...ttt bbbttt viii
Chapter 1. INtrOQUCTION ........eeiiiiie et e sae e reeee s 1
Specific AIMSs and HYPOTNESES ........covveiicicciece e 3
Chapter 2. LIterature REVIEBW ..........ciiiiiiiieie ettt 4
2.1 ADHD and Emotional Dysregulation in Children...........ccccccvoveiiievicic i 4
2.2 Nutrients and Nervous System Function in ADHD..........ccccccoeviiiveiieviece e 7
2.3 DIBLAIY PattBINS. ......iiiiieieieieiee et 10
2.4 Dietary Patterns Associated with ADHD and Emotional Dysregulation ............... 13
Chapter 3. IMETNOUS ... et sre e sre e 21
3.1 Study Population and ENQIDHITY ..........ccooiiii e 21
3.2 DeSIgN AN PrOCEAUIES.......c.eeiitiiiiiteitisie sttt bbb 22
3.3 IMIBASUIES ...ttt b ekttt be e bt e b b e nnn e 23
3.4 StAtISTICAl ANAIYSIS ..o 26
Chapter 4. RESUIES ..ottt ene s 28
4.1 Sample Population CharacteriStiCs ..........ccveiieieeiieiiece e 28

4.2 Relationship between ADHD Symptom Severity and Diet Quality in Children.... 36
4.3 Relationship between Emotional Dysregulation Symptom Severities and Diet

QuUAlILY TN CRIIAIEN ... 38
Chapter 5. DISCUSSTON ....c..eviiiieriisiesiieieeie ettt bttt bbb nbeene s 41
Chapter 6. CONCIUSIONS ......ccviiiii it sree s 47
BIBHOGIapNY ..o 48

Vi



List of Tables

Table 1. Key studies of dietary patterns and ADHD ...........ccccceveiieiiiie s 17
Table 2. Key studies of dietary patterns and emotional Symptoms ...........ccccceverivennennnns 19
Table 3. Characteristics of the study sample. .........ccccooviieiieii i 30
Table 4. Characteristics of participants as related to symptoms of ADHD....................... 31
Table 5. Characteristics of participants as related to symptoms of emotional dysregulation
DASEA ON CASI-5 MEASUIES .....eouviiieiieeiesiie ettt sttt re e beeneesreeeas 32
Table 6. Characteristics of participants as related to symptoms of emotional dysregulation
Dased 0N SDQ MEASUIES. ......ccuueuiirierieeiesiee st eeeereesteasee e steeee e e steessesseesteeseesreesteaneesseenes 33
Table 7. Characteristics of participants as related to HEI SCOIeS..........ccccvevveveiieninenns 34
Table 8. Diet quality of the study SAMPIE ........cccveiiiiii s 35
Table 9. Associations between diet quality score and ADHD symptoms ............cccceeue. 38
Table 10. Associations between diet quality scores and emotional dysregulation

SYMPLOMS SEVEITLIES ....veitieieieite ettt ettt ettt e e be e esreesteeneesraesreeneens 40

vii



List of Figures

Figure 1. Radar plot of HEI category scores for study sample

viii



Chapter 1. Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a common
neurodevelopmental disorder affecting about 5% of children worldwide and up to 10% of
children in the United States.™? ADHD is a significant public health concern since it is
associated with poor social, academic, and economic outcomes as well as increased risk
of hospital admissions and injuries.? It is clinically diagnosed as the presence of
inattention and/ or hyperactivity/impulsivity that interferes with functioning in two or
more settings.® ADHD is increasingly recognized as a disorder involving problems with
self-regulation, which frequently includes emotional dysregulation. Clinical features of
emotional dysregulation include irritability, inappropriately positive emotions, persistent
anger for most of the day, argumentative/ defiant behavior and/or vindictiveness, and
impulsive aggression.* These symptoms co-occur in conditions like Oppositional Defiant
Disorder (ODD) and Disruptive Mood Dysregulation Disorder (DMDD).®

Conventional treatment for ADHD typically involves medication, behavior
therapy, and educational accommodations. Stimulant medications are commonly used
and effectively improve symptoms in most people with ADHD; however, as many as 20-
30% of children do not respond to this class of drug or cannot tolerate it due to side
effects.® The prevalence of side effects of medications combined with unknown effects of
long-term use has necessitated investigation into alternative ADHD treatment options,

which often includes dietary and nutrition interventions.
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The etiology of ADHD is multi-factorial, involving genetic, environmental,
social, and neurobiological factors.® Environmental factors that have shown an
association with ADHD include pollution, exposure to toxins and contaminants such as
lead, pesticides, and cigarette smoke, and dietary intake.® Several aspects of dietary habits
have been linked to ADHD including sensitivity to artificial food additives, fatty acid
imbalances, and vitamin and mineral deficiencies.®

With growing evidence linking dietary factors to ADHD, there has been increased
interest in the relationship between dietary patterns and ADHD. Globally, studies have
shown that ADHD is associated with Western dietary patterns’ & and diets that are high in
added sugars % 10 and refined carbohydrates.!! While these studies provide useful
findings, only one study was conducted in the United States. With high pediatric ADHD
prevalence in the United States coupled with a dietary pattern that is different than those
reported in other regions of the world, it is imperative to investigate how the American
dietary pattern (particularly that of a pediatric population) relates to ADHD symptom
severity. Most of the prior studies only examined the relationship of dietary pattern with a
current ADHD diagnosis, but did not determine if diet quality was associated with
severity of ADHD symptoms. In addition, there are limited studies on the relationship
between diet quality and emotional dysregulation symptom severities. This study aims to
fill these gaps by examining the association of dietary patterns with severity of ADHD
and emotional dysregulation symptoms among a pediatric population in the United

States.



Specific Aims and Hypotheses

Aim 1. Determine the relationship between dietary pattern (as measured by a diet quality
score) and ADHD symptom severities among children.
Hypothesis 1: Diet quality score will be inversely associated with severity of inattention

and hyperactivity/impulsiveness.

Aim 2: Determine the relationship between dietary pattern (as measured by a diet quality
score) and emotional dysregulation symptom severities among children.

Hypothesis 2a: Diet quality score will be inversely associated with severity of ODD
symptoms.

Hypothesis 2b: Diet quality score will be inversely associated with severity of DMDD
symptoms.

Hypothesis 2c: Diet quality score will be inversely associated with severity of emotional

and conduct problems.



Chapter 2. Literature Review

2.1 ADHD and Emotional Dysregulation in Children

Attention Deficit Hyperactivity Disorder (ADHD) is the most common
neurodevelopmental disorder diagnosed in childhood in the US. It is defined in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) as
impairing levels of inattention, disorganization, and/or hyperactivity-impulsivity which
interfere with functioning or development in two or more settings (e.g., at home, school,
with friends, at other activities).®> ADHD prevalence estimates vary based on
methodology and age groups examined. Globally, a pooled prevalence rate of 5.29% is
reported among children and adolescents 18 years of age and younger,* while in the U.S.
an estimated 9.4% of children aged 2-17 have ever received an ADHD diagnosis.?

ADHD is generally recognized as a heterogeneous disorder due to the variety of
clinical presentations plus the high prevalence of comorbidities. There are three
recognized clinical presentations of ADHD: predominantly inattentive, predominantly
hyperactive/impulsive, and combined presentation.® Most children diagnosed with
ADHD will also be diagnosed with at least one comorbid condition, ranging from
emotional, behavior, developmental, or physical conditions. The American Academy of
Pediatrics recommends screening any child evaluated for ADHD for comorbid emotional

or behavioral conditions, as these could alter ADHD treatment.'? A study by Reale



(2017) determined that 66% of children with ADHD had at least one comorbid
psychiatric disorder, and those with the combined type presentation and severe
impairment were more likely to present comorbidity. The most prevalent psychiatric
comorbidities in this study were learning disorders (56%), sleep disorders (23%), and
ODD (20%).® Similarly, another large population-based study among children and
adolescents between 6 and 18 years of age found that of those with ADHD, 61.5% had
comorbid psychiatric disorders, with ODD as the most prevalent comorbid disorder
(26.1%).14

ADHD and common behavioral comorbidities such as ODD and conduct disorder
(CD) are considered externalizing disorders characterized by the propensity to express
distress outwards, with shared vulnerability from a general inability to regulate
impulses.® ODD is defined by diagnostic criteria of angry/ irritable mood,
argumentative/ defiant behavior, and vindictiveness, which can be differentiated from
typical normative behavior by both the frequency and persistence of the behavior.®
Diagnostically ODD and CD are grouped in DSM-5 as “Disruptive, Impulse-Control, and
Conduct Disorders” and lie along a continuum of symptoms; however, CD is distinct
from ODD in that it involves impingement of other’s rights and violating social
norms.20DD diagnosis is a risk factor for the development of CD, but they remain two
distinct disorders.'®* DMDD is characterized by severe recurrent temper outbursts that are
disproportionate to the situation and occur three or more times per week.? Like ODD, it
presents with a persistently irritable and angry mood for most of the day nearly every

day.® The symptoms of DMDD and ODD have been shown to overlap considerably. One



study found that 92% of children with DMDD symptoms had ODD symptoms, and 66%
of children with ODD had DMDD symptoms, which suggests that DMDD cannot be
differentiated from ODD based on symptomology.*’

Emotional dysregulation is increasingly recognized as a core feature of ADHD.
Emotional dysregulation is defined as an “inability to modulate emotional responses,
resulting in extreme responses of internalizing or externalizing behavior that would be
considered inappropriate for the developmental age of the person.”8 Clinical features of
emotional dysregulation include irritability, inappropriately positive emotions, persistent
anger for most of the day, argumentative/ defiant behavior and/or vindictiveness, and
impulsive aggression.* Dysregulation may also be characterized by severe outbursts in
children under age 13, which includes behaviors such wrecking property, throwing
things, hitting/kicking/spitting during the outburst, threatening others, hurting themselves,
and requiring physical restraint by parent.*®* ADHD is a disorder of self-regulation with
deficits in the regulation of attention, impulses, activity and emotion.?° Irritability is a
common clinical feature among several diagnoses including ADHD, ODD, and DMDD.
Even among individuals with ADHD but no comorbid mood disorders, 71.5% displayed
irritability; and overall, 40-50% of children with ADHD have impairments that stem from
rages or irritability.* Persistent irritability in children is more prevalent in the combined-
type presentation of ADHD and is associated with increased severity of ADHD
symptoms and poorer functioning in multiple domains.*

Among elementary and middle-school aged children, ADHD is frequently treated

with either stimulant or non-stimulant medications, with strong evidence supporting the



use of stimulant medications such as methylphenidate, and sufficient but weaker support
for the use of non-stimulant medications such as atomoxetine, guanfacine, and
clonidine.*® However, stimulant medication either causes side effects or is not effective in
as many as 20-30% of children.® Short-term and long-term side effects may include loss
of appetite, mood swings, insomnia, increased blood pressure, tics, paranoid psychoses,
suppression of growth, and can lead to physical and/or psychological dependence.®
Concerns about side effects and long-term safety of these medications cause many
parents to explore complimentary or alternative treatment of ADHD, with about 12% of
children with ADHD using alternate therapies including nutrition-based therapies like
nutritional supplements.®

2.2 Nutrients and Nervous System Function in ADHD

There is a large body of evidence linking ADHD to dysfunction in
neurotransmitter pathways pertaining to moderation of executive function, working
memory, emotional regulation, and reward processing.?* The etiology of ADHD is
theorized to be related to low levels of serotonin and catecholamines (epinephrine,
norepinephrine, and dopamine), and abnormalities in glutamate/glutamine in the brain.®
Several ADHD pharmaceutical treatments including methylphenidate work by inhibiting
the dopamine transporter 22 and thus mimicking the action of norepinephrine and
dopamine.®

Several vitamins and minerals serve key roles in the central nervous system and
brain function, notably iron, magnesium, zinc, and vitamin B6 for neurotransmitter

synthesis and function. The neurotransmitter dopamine cannot cross the blood/brain
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barrier and is synthesized in the brain from precursors phenylalanine and tyrosine via an
intermediate structure L-DOPA. Iron is a cofactor for tyrosine hydroxylase, the rate-
limiting enzyme which converts tyrosine to L-DOPA; therefore iron modulates dopamine
and subsequent norepinephrine and epinephrine production.? Zinc directly regulates the
dopamine transporter, which carries dopamine from the synaptic cleft back into the
neuron, by acting as a potent non-competitive blocker.?? Vitamin B6 (Pyridoxal 5'-
Phosphate) is a cofactor in several enzymes in neurotransmitter synthesis, including in
the conversion of 5-Hydroxytryptophan (5-HTP) to serotonin, and in the conversion of
dopa to dopamine.?* Iron is a component of monooxygenase which is integral for the
transformation of tryptophan to serotonin.?® The glutamatergic system is the major
excitatory neurotransmitter in the nervous system, and there are many types of glutamate
receptors involved in neurotransmission with the most important being the N-methyl D-
aspartate (NMDA\) receptor pathway.?® Magnesium is an antagonist of the NMDA
receptor, and magnesium deficiency has been related to symptoms such as agitation,
anxiety, irritability, and hyperexcitability.?” Gamma-aminobutyric acid (GABA\) is the
major inhibitory neurotransmitter which plays a role in behavior control, motor function
and motor learning.?® GABA is synthesized in the GABAergic nerve endings from
glutamate via glutamic acid decarboxylase (GAD) enzyme, which requires vitamin B6 as
a cofactor.?* Zinc can inhibit both the GABA and NMDA receptors in the glutamatergic
pathway.?’

Long-chain polyunsaturated fatty acids (LC PUFAS), including omega-3 PUFAs

docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) and omega-6 arachidonic
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acid (AA) also play a critical role in brain and central nervous system development and
functioning. Due to LC PUFASs’ flexible structure, they impart membrane fluidity in
neuronal membrane phospholipids and can influence signaling processes by changing the
binding or release of neurotransmitters.?® In addition to the structural importance, the
PUFAs are also precursors of eicosanoids which have hormone-like actions that effect
metabolic processes. Eicosanoids derived from omega-3 PUFAs tend to have more
favorable anti-inflammatory effects than those derived from omega-6 PUFAs, thus
illustrating one aspect why the ratio of omega-3 to omega-6 is critical to optimum body
functioning.?® Foods commonly consumed in industrialized countries such as vegetable
oils, seeds, nuts, and margarines are typically high in omega-6 fatty acids and low in
omega-3 fatty acids which are usually found in coldwater fish, canola oil, walnuts, eggs,
and some meats. The imbalance in omega-3 to omega-6 intake associated with the
Western diet has been linked to neurodevelopmental disorders including ADHD and
autism spectrum disorder.?

A small but diverse body of research has investigated the effect of
supplementation of various vitamins, minerals, and fatty acids, individually and in
combinations, on ADHD. The effect of magnesium on ADHD has been studied in
combination with other nutrients, including Vitamin B6,%° Vitamin D, zinc and
PUFAs.% Supplementation with Vitamin D and magnesium significantly improved
conduct problem, social problem, and anxiety scores in children with ADHD.* Higher
dietary magnesium intake was associated with reduced externalizing behavior problems

such as attention problems, aggressive behavior, and rule-breaking in adolescents, with a



similar trend for zinc though findings were not statistically significant.?” A supplement of
PUFA plus magnesium and zinc provided a beneficial effect on attention, behavior, and
emotional problems in children and adolescents.®* A trial of zinc supplementation as
treatment for ADHD found that the supplemented group had significantly improved
hyperactivity, impulsivity, and socialization subscale scores, though no improvement on
the attention deficit subscale.®? Iron supplementation improved ADHD symptoms in non-
anemic children with low serum ferritin levels with effectiveness comparable

to stimulants.?® A combination of omega-3 and omega-6 fatty acids plus magnesium and
zinc had a beneficial effect on attention, behavior, and emotion in children and
adolescents.®! A high dose of omega-3 EPA/DHA supplementation in a small open-label
pilot study showed significant improvements in behavior categories of inattention,
hyperactivity, oppositional behavior, and conduct disorder.®

2.3 Dietary Patterns

Over the past three decades, the nutrition science field began to move forward
from single nutrient theories that inadequately explained numerous diet-chronic disease
links, towards a focus on the complex biological effects of food and diet patterns on
chronic disease.®* For example, dietary patterns have shown to be helpful when studied in
relation to chronic diseases such as high blood pressure and diabetes in which there are
several known dietary associations.®® The potential advantage of dietary patterns over
single nutrients reflects the interactions between carbohydrate quality, fatty acid profiles,
protein types, micronutrients, phytochemicals, food structure, preparation and processing

methods, and additives.3*
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The 2015 Dietary Guidelines Advisory Committee defines dietary patterns as “the
quantities, proportions, variety or combination of different foods, drinks and nutrients
(when available) in diets and the frequency which they are consumed.”® The
Mediterranean dietary pattern, for example, is a well-balanced diet consisting of high
consumption of fruits, vegetables, nuts, whole grains, fish, and olive oil as the primary
source of added fat, and has been shown to reduce the risk of chronic diseases such as
Type 2 Diabetes, cardiovascular disease, and depression.®’ Dietary Approaches to Stop
Hypertension (DASH) diet is another dietary pattern rich in fruits and vegetables, low-fat
dairy, and reduced saturated and total fat, and is proven to substantially lower blood
pressure.®® In contrast, a Western dietary pattern or the Standard American Diet (SAD) is
characterized by excess consumption of refined carbohydrates, fatty meats, added
sodium, and added fats, while low in intake and nutrients from whole grains, fruits, and
vegetables.® This dietary pattern is frequently linked to diet-related diseases such as type
2 diabetes, hypertension, and heart disease.®

Three methods used to determine dietary patterns in the literature are factor
analysis, cluster analysis, and dietary indices.®® The Healthy Eating Index (HEI) is an
example of a dietary index measuring the degree to which a dietary pattern meets the
requirements of the Dietary Guidelines for Americans (DGA) set forth by the US
Department of Agriculture.® 4° The HEI-2015 consists of thirteen components, of which
9 are categorized as adequacy components and 4 as moderation components. The
adequacy components of HEI-2015 are total fruit, whole fruit, total vegetables, greens

and beans, whole grains, dairy, total protein foods, seafood and plant proteins, and fatty
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acids (ratio of unsaturated to saturated fatty acids). The 4 moderation components are
refined grains, sodium, added sugars, and saturated fat. The HEI provides an overall diet
quality score ranging from 0 to 100, with each component worth 5 or 10 points. Higher
scores represent closer alignment to the DGA,; the adequacy components receive higher
scores for higher consumption, while moderation components receive higher scores for
lower consumption.

In addition to overall dietary scores, further insights can be derived by
distinguishing between the healthy and unhealthy components that make up the dietary
score. A systematic review of global dietary patterns of adults by Imamura (2015) found
that while high-income countries (including the U.S.) had the highest scores based on
greater consumption of healthy dietary items, these same countries also had substantially
poorer diets based on consumption of unhealthy dietary items. Although the high-income
nations showed some improvements at reducing consumption of unhealthy foods from
1990-2010, the dietary scores for unhealthy items remained among the worst in the world
in 2010.** Another study compared dietary patterns of 9—11-year-old children from 12
countries using principal component analysis and identified 2 dietary patterns, ‘healthy’
and ‘unhealthy’, with the healthy diet characterized by higher consumption of vegetables,
fruits, and whole grains, while the unhealthy diet had higher consumption of fast foods,
ice cream, fried foods, and sugary drinks and desserts.*> Children in the United States
ranked near the top of the unhealthy diet pattern score, indicating higher consumption of
unhealthy factors compared to other countries in the world.*?> A study by Banfield (2016)

using National Health and Nutrition Examination Survey (NHANES) data for children 4-
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18 years old measured adherence to the U.S. DGA using HEI-2010. Overall diet scores
for the group (43.6-52.1) were significantly lower than the benchmark score of 80
considered to indicate a healthy diet. The results were compared across age groups (4-8,
9-13, and 14-18 years old) and determined the lowest age group was associated with
higher overall HEI scores.** A more recent study found that the general U.S. child
population aged 6-11 had a mean HEI-2015 score of 53.9 (95% CI: 52.5-55.1) based on
2009-2014 NHANES data.*

2.4 Dietary Patterns Associated with ADHD and Emotional Dysregulation

With mounting evidence that essential nutrients are critical to brain function and
that supplementation can improve symptoms of ADHD, it is important to investigate
more broadly how ADHD is associated with overall diet quality given that diet is the
primary source of essential nutrient intake. Such studies can quantify any differences in
dietary pattern by ADHD diagnosis and by disease severity. Additionally, these studies
can reveal if any general dietary patterns or habits such as eating certain types of foods or
minimizing others may have a harmful or protective effect on ADHD symptoms.

Several studies have compared the dietary patterns of children and adolescents
with and without an ADHD diagnosis and ADHD symptom severity (Table 1). In a study
among 375 school-aged Iranian children, four major dietary patterns were identified:
healthy, Western, sweet, and fast food.*® The researchers found that both the sweet and
the fast-food dietary pattern were associated with higher risk or odds for ADHD, but no
significant associations between the healthy or Western dietary pattern and ADHD.* For

specific nutrients, this study identified that iron, zinc, calcium, vitamin B1 and vitamin
13



B2 intakes were significantly lower in children with ADHD.* Similarly, among Iranian
preschool children, researchers found that those adhering to the Western dietary pattern
had greater odds of having ADHD than those with lowest adherence, and the healthy
dietary patterns was inversely associated with ADHD.® In another study among children
and adolescents in Spain found a positive relationship between lower adherence to the
Mediterranean diet and ADHD diagnosis.® Lower frequency of consuming fruits,
vegetables, pasta, and rice was associated with higher prevalence of ADHD diagnosis.®
Higher frequency of skipping breakfast, eating at fast-food restaurants, and high
consumption of sugar, candy, colas, and soft drinks was associated with ADHD
diagnosis.® Among a cohort of adolescents in Australia, it was found that ADHD
diagnosis was associated with the western dietary pattern but not with the healthy dietary
pattern.” In a study conducted on children aged 7-12 in Korea, four major dietary patterns
were identified by PCA: traditional, seaweed-egg, traditional-healthy, and snack. The
traditional-healthy dietary pattern, which consisted of high intake of kimchi, grains,
bonefish, and low intake of fast food and beverage, was significantly associated with
lower odds of having ADHD.*® A recent study among Taiwanese children found that
those with ADHD consumed more refined grains and less dairy compared to healthy
controls; they also had lower intake of calcium and vitamin B2 compared to the healthy
controls.!! This study also found that a composite diet/nutrient score derived from these
four factors was significantly correlated with the severity of ADHD symptoms.*
Similarly, another study of children in Taiwan showed that children with ADHD

consumed more nutrient poor food such as high sugar and high fat foods, and less intake
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of vegetables, fruit, and protein-rich foods than the control group.'® Among children in
the Netherlands, Mian et al. assessed the bidirectional association between ADHD
symptoms and diet quality scores reflecting adherence to Dutch dietary guidelines.*” The
authors concluded that children with more severe emotional symptoms may be at higher
risk of subsequent unhealthy diets, but overall diet quality does not affect ADHD risk.*’
A study of adolescents aged 6-17 years in Germany found a negative correlation between
hyperactivity/ impulsivity scores and nutrition quality scores.*®

Finally, in a study focused on children and college-aged young adults in United
States, Holton et al., found no difference in overall diet quality (measured by Healthy
Eating Index scores) between those with and without ADHD diagnosis.*® The mean HEI
scores for all groups in this study ranged from 54.5-57.8 out of a maximum of 100,%°
which are well-below the benchmark score of 80 representing a healthy diet. No data was
reported on the scores for individual components of the HEI, so it is undetermined if
there are any differences in the consumption of the healthy items (adequacy components)
or unhealthy items (moderation components) between the groups. The study did identify
lower vitamin B12, D, and K intakes among children with the ADHD diagnosis.*°

A smaller body of research within the past decade has examined the relationship
between dietary pattern and severity of emotional symptoms, which are summarized in
Table 2. Five of these studies examined causal relationships between emotional
dysregulation symptom severity and dietary patterns. In a large study among children
from eight European countries, Arvidsson et al., found that a higher adherence to healthy

dietary guidelines at baseline was associated with fewer emotional and peer problems two
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years later.>® Two studies of a cohort of children in the UK investigated the causal
relationship between dietary components and behavioral problems. The first study found
increased junk food intake at age 4.5 to be associated with increased hyperactivity at age
7: but found no significant relationship with overall behavior score.>! The second study,
however, found no evidence to support an association between a junk food diet at 6.75
years of age and behavior problems at 8 years.>? A limitation of both studies was the
exclusion of children categorized with behavioral problems at the baseline age to create a
“disease-free” cohort, potentially excluding many children if their behaviors at the
baseline age were caused by junk food intake at earlier age.>® 2 In a prospective cohort
study of adolescents in Australia, two dietary patterns were identified using factor
analysis: Western and healthy. They found that a higher score for Western dietary pattern
at 14 years old was associated with increases in externalizing behaviors at age 17, but
only in females.>® In a study among German children, higher diet quality scores were
found to be associated with lower likelihood of emotional symptoms, plus increased
consumption of high-sugar products was associated with increased odds of emotional
symptoms.>* A study among Iranian female adolescents showed that high scores in

99 ¢

unhealthy eating patterns of “snacking and convenience,” “planning ahead,” and “meal
skipping” were associated with increased risk of emotional disorders.> Another study of
14-year-old children in Australia found that increased intake of foods in the Western
dietary pattern was associated with poorer internalizing and externalizing behavior

scores.>® This study also found that higher intakes of leafy green vegetables and fruit were

associated with improved behavior scores, but not the overall healthy dietary pattern.®
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Table 1. Key studies of dietary patterns and ADHD

Author/ Study Design/ Dietary Index or Dietary Findings
Year/ Population Pattern/Factors
Country
Azadbakht | cross-sectional/ Four major dietary patterns | *Children in the top quintile of the sweet
2012 375 school-age identified by factor dietary pattern score had greater odds for
Iran children analysis: having ADHD compared with those in the
*healthy: high in fruits, lowest quintile
vegetable, vegetable oil, *Greater adherence to the fast-food dietary
whole grains, legumes, and | pattern was significantly associated with a
dairy higher risk of having ADHD
*Western: high in processed | *No overall significant associations were seen
meat, red meat, butter, eggs, | between the healthy or Western dietary pattern
pizza, snacks and ADHD.
*sweet: high in ice cream,
refined grains, sweet
desserts, sugar, and soft
drinks
*fast food: high in
processed meat, commercial
fruit juices, pizza, snacks,
sauces, soft drinks
Abbasi case-control/ Two major dietary patterns | *Children in the top quintile of the Western
2019 500 preschool- and | identified by factor dietary pattern score had greater odds having
Iran school-aged analysis: ADHD, compared with those in the lowest
children (4-12 years | *Healthy: high in fruits, quintile
old) matched by age | vegetables, vegetable oils, *The healthy pattern was inversely associated
and sex whole grains, legumes, and | with ADHD
dairy products
*Western: high in
processed meat, red meat,
pizza, eggs, snacks, animal
fat, hydrogenated fat, and
salt
Holton case-control/ Healthy Eating Index-2010 | *No difference in overall HEI score between
2019 children age 7-12 diet quality score reflecting | groups in either the school-age children or
United with ADHD (n=23) | adherence to 2010 Dietary young adults
States and without (n=22) | Guidelines for Americans
and
young adults with
ADHD (n=21) and
without ADHD
(n=30)
Rios- case-control/ KIDMED test scores *Positive relationship between lower
Hernandez | 60 children (age 6- reflecting adherence to adherence to Mediterranean diet and ADHD
2017 16) with ADHD and | Mediterranean diet diagnoses.
Spain 60 matched controls *Lower frequency of consuming fruits,

vegetables, pasta, and rice; high frequency of
skipping breakfast and eating at fast food
restaurants; and high consumption of sugar,
candy, colas, and non-cola soft drinks were all
associated with higher prevalence of ADHD
diagnosis.
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Table 1 Continued

Howard cross-sectional/ | Two dietary patterns identified by *A higher score for the Western dietary
2011 1,799 factor analysis: pattern was associated with ADHD
Australia | adolescents age | *Western: high in take-away food, diagnosis after adjusting for known
14 years old confectionary, red meat, refined confounding factors from pregnancy to 14
(115 adolescents | grains, process meat, chips, soft years.
had an ADHD drinks, etc. *ADHD diagnosis was not associated with
diagnosis) *Healthy: high in vegetables, fresh the "Healthy" dietary pattern.
fruit, legumes, and whole grains
Woo case-control/ Four major dietary patterns identified | *Traditional-healthy dietary pattern was
2014 192 elementary by PCA: associated with lower odds having ADHD.
Korea school students *traditional: condiments, vegetables,
aged 7-12 years | tofu/soymilk, and mushrooms
(96 ADHD, 96 *seaweed-egg: high intakes of
case-matched seaweeds, fats/oils/ sweets, and eggs
controls) *traditional-healthy: kimchi, grains,
bonefish, low intake of fast food and
beverages
*snack: snacks, processed meat, low
intake of noodles.
Chou case-control/ Two dietary indices that *ADHD children and healthy controls
2018 42 children with | differentiated ADHD from controls have different dietary patterns and that
Taiwan ADHD (no derived by ROC: dietary and nutrient factors may play a role
medication) and | *refined grain in the pathophysiology of ADHD.
36 healthy *dairy *Children with ADHD tend to intake more
control children, | Two nutrient Indices that refined grain and less intake of dairy.
Age 6-16 differentiated ADHD from controls *The composite dietary/nutrient score
derived by ROC: demonstrated a significant correlation with
*Calcium the severity of ADHD clinical symptoms.
*Vitamin B2
Wang/ Yu | case-control/ Four dietary factors derived by PCA: | *Children with ADHD had more intake of
2019 216 children *nutrient poor foods nutrient-poor foods such as high sugar and
Taiwan with ADHD and | *vegetable-fruit high fat foods, and had less intake of
216 age-, *flesh foods vegetable, fruit, protein-rich foods than
height- and *soymilk-egg their counterpart.
gender-matched *Conclusion: an unhealthy dietary pattern
controls may be a predecessor of the poor
nutritional biochemistry status and
managing diet and nutrition conditions
should be considered to improve ADHD
symptoms in children.
van cross-sectional/ | Healthy Nutrition Score for Kids and | *Hyperactivity/impulsivity scores
Egmond- | 9428 children Youth (HuSKY) diet quality score correlated negatively with the nutritional
Frohlich and adolescents quality score
2012 aged 6-17 years
Germany
Mian prospective Predefined diet quality score *Significant inverse association between
2019 cohort/ reflecting adherence to Dutch dietary | ADHD symptoms at age 6y and dietary
Netherlan | 3680 children recommendations for children patterns at age 8y
ds ages 6-10 years *no association between dietary pattern at

8y and ADHD symptoms at 10y.
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Table 2. Key studies of dietary patterns and emotional symptoms

foods, rice, pasta, salad, and fruit
*traditional: meat, potatoes, and
vegetables

Author/ Study Dietary Index or Dietary Findings
Year/ Design/ Pattern/Factors
Country Population
Abbasalizad | cross-section/ | Six eating patterns as assessed by *unhealthy eating patterns of “snacking
Farhangi 107 eating behavioral pattern and convenience,” “planning ahead,” and
2018 adolescent questionnaire (EBPQ): “meal skipping” were associated with
Iran girls aged 15- | *snacking and convenience increased risk of emotional disorders
17 years old *planning ahead
*meal skipping
*low fat
*emotional
*cultural and lifestyle behavior
Arvidsson prospective Healthy Dietary Adherence Score *Higher adherence to healthy dietary
2017 cohort/ (HDAS) reflecting adherence to guidelines at baseline was associated with
Europe 7,675 healthy dietary guidelines common fewer emotional and peer problems 2
children aged | for all 8 countries in this study years later.
2-9 years old
Kohlboeck cross-section/ | Diet quality score reflecting *increased consumption of high-sugar
2012 3,361 adherence to German optimized products was associated with increased
Germany childrenat 11 | mixed diet (OMD) odds of emotional symptoms
years of age *higher OMD diet quality score (reflects a
diet low in fat but with adequate amount
of plant foods) was associated with lower
likelihood of emotional symptoms
Peacock cohort/ PCA generated components: *Association between junk food score at
2011 ~7,500 *junk food: increased consumption 6.75 years and total difficulties and pro-
UK children at of high-fat processed foods, snack social behaviors at 8 years, but after
ages 6.75 foods high in fat and/or sugar adjusting for baseline SDQ scores
years and *health-conscious: vegetarian style attenuated the association.
then 8 years foods, rice, pasta, salad, and fruit *no evidence to support an association
old *traditional: meat, potatoes, and with a junk food diet at 6.75 years of age
vegetables and behavior problems 16 months later.
Wiles cohort/ PCA generated components: *An increase in junk food intake at age
2009 ~4000 *junk food: increased consumption 4.5 was associated with increased
UK children at of high-fat processed foods, snack hyperactivity at age 7
age 4.5 and foods high in fat and/or sugar *No association between the junk food
then age 7 *health-conscious: vegetarian style eating pattern and overall behavior score

or the other SDQ subscales
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Table 2 Continued

fresh fruit, legumes, whole grains,
and fish

Oddy prospective Two dietary patterns identified using | *poorer behavior scores, both internalizing
2009 cohort study/ | factor analysis: and externalizing behaviors, were
Australia 1324 children | *Western: components of takeaway associated with an increased intake of the
at age 14 foods, confectionary, red meat, Western dietary pattern, particularly
refined grains takeaway foods, red meat and
*Healthy: components of vegetables, | confectionary
fresh fruit, legumes, whole grains, *improved behavioral scores were
and fish associated with higher intakes of leafy
green vegetables and fruit, but not with an
overall Healthy dietary pattern
Trapp prospective Two dietary patterns identified using | *higher score for a Western dietary pattern
2016 cohort study/ | factor analysis: at 14 years was associated with a
Australia 746 *Western: components of takeaway significant increase in externalizing
adolescents at | foods, confectionary, red meat, behaviors and a greater odds of having
14 and 17 refined grains clinically concerning externalizing
years old *Healthy: components of vegetables, | behaviors at 17, but only in females
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Chapter 3. Methods

3.1 Study Population and Eligibility

The data for this analysis was obtained from the Multinutrients for ADHD in
Youth (MADDY) Study, an 8-week randomized double-blind placebo-controlled trial
that examined the efficacy of a 36-ingredient vitamin/mineral supplement as treatment
for children with ADHD and irritability.> Participants were recruited from three sites: in
Oregon through the Oregon Health & Science University (OHSU), in Ohio through The
Ohio State University and Nationwide Children’s Hospital, and in Canada through the
University of Lethbridge in Southern Alberta. Additional details on study design,
recruitment, and enrollment are described elsewhere.>” The MADDY Study inclusion
criteria were:

1. being between ages of 6 and 12, inclusive

2. meeting the DSM-5 criteria for ADHD as assessed by parent reports on the

Child and Adolescent Symptom Inventory-5 (CASI-5) ADHD scales using a

clinical cutoff of 6+ questions scored as “often” or “very often” (scored as 2 or 3),

or sufficient “sometimes” responses scored as 0.5 to meet a score of 6.0

3. demonstrating at least one symptom of irritability or anger scored as “often” or

“very often” or 2 “sometimes” responses from the CASI-5 ODD or DMDD

subscales
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4. being psychotropic medication free or having washed-out for at least 2 weeks
prior to the study.

The study’s exclusion criteria were:
1. having neurological disorder involving brain or other central function (e.g.,
history of or suspected intellectual disability, autism spectrum disorder, epilepsy,
multiple sclerosis, narcolepsy) or other major psychiatric condition requiring
hospitalization (e.g. significant mood disorder, active suicidal ideation, or
psychosis)
2. having any serious medical condition, including inflammatory bowel disease,
history of cancer, kidney or liver disease, hyperthyroidism, diabetes Type I or II.
3. taking any other medication with primarily central nervous system activity,
including stimulants, within the last 2 weeks prior to in-person assessment.

For the current analysis, the inclusion and exclusion criteria were:

Inclusion criteria: Children aged 6-12 who completed the baseline visit of the MADDY

study.

Exclusion criteria: Children missing baseline assessments of dependent or independent

variables.

3.2 Design and Procedures

The current analysis was a cross-sectional observational study using information
from the baseline visits of the MADDY study. All participants who attended a baseline
visit and completed a food frequency questionnaire assessment were included, resulting

in a sample size of 134 participants for this study.
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Participants for the MADDY Study were recruited using a flyer, by word of
mouth, and through social media, specifically Facebook and Twitter. Written and
informed consent and assent was completed at the baseline visit, prior to any study
procedures. All study protocols and materials were approved by the Institutional Review
Board (IRB) / Research Ethics Board (REB) at each site. Overall, 135 participants were
enrolled in the MADDY study.

At the two U.S. sites, the child and parent received compensation for participating
in the MADDY Study in the form of a gift card for completing study visits, biological
samples, and required questionnaires. All of the information used in this analysis was
acquired at the baseline visit, for which parent/guardians were paid $20 for completion of
the in-person visit including questionnaires, while child participants were paid $10 per in-
person assessment. At the Canadian site, payment to participants was not expected or
customary; parents were reimbursed for cost of travel, including parking and mileage per
onsite visit.

3.3 Measures

Sociodemographic measures

Demographic information was collected at the baseline visit using a
Demographics and History questionnaire and recorded in REDCap, an electronic data
capture tool used in clinical and translational research.® Questions included gender,
ethnicity, race, parent/guardians’ occupation, parent/guardians’ level of education, and

family income used in estimating socioeconomic status (SES).
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Nutrient intake and diet quality

Dietary intake was collected using a digital food frequency questionnaire (FFQ)
called Vioscreen. VioScreen is a validated dietary analysis software that provides the
equivalent of 90 days of nutrition tracking in about 20 minutes.*® VioScreen’s dietary
analysis offers over 1,200 food images and various portion sizes developed from the
Nutrition Coordinating Center (NCC) Food and Nutrient Database located at the
University of Minnesota Division of Epidemiology and Community Health in
Minneapolis.*® Data is provided for both macro and micronutrient intakes. The dietary
data collected using the FFQs were used to calculate diet quality using a predefined diet
quality index, Healthy Eating Index-2015 (HEI-2015), which reflects adherence to the
Dietary Guidelines for Americans. Dietary quality was analyzed as an HEI-2015 Total
Score created from 13 dietary components which encompass specific healthy and
unhealthy eating patterns including total fruit, whole fruit, vegetables, greens and beans,
whole grains, dairy, protein foods, seafood and plant proteins, fatty acids, refined grains,
sodium, saturated fat, and added sugars.*® Each component has a minimum score of 0,
and a maximum score between 5 and 10. Each component is scored such that a higher
value indicates better adherence to the dietary guideline. The healthy components are
scored such that higher intake corresponds with higher scores, while the “moderation
components” which include sodium, saturated fat, and added sugars, are scored with a
lower intake corresponding to a higher score. Each component score is summed to create

the total HEI score, ranging from 0 to 100.%°
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Behavioral and overall health assessments

At the baseline visit, each parent and child completed multiple questionnaires to
assess the current mental health and behavior of the participant. Questionnaires were
administered with a research assistant present by providing a handheld electronic tablet to
the parent to complete the questions as a survey in REDCap. The parent-administered
questionnaires included the CASI-5 and Strengths and Difficulties Questionnaire (SDQ).
ADHD symptoms were assessed using subscales of CASI-5; emotional dysregulation
symptoms were assessed using subscales of CASI-5 and SDQ measures.

CASI-5 is a validated behavior rating scale for DSM-5-defined emotional and
behavioral disorders in youths between 5 and 18 years old.%° The CASI-5 includes
questions assessing symptoms of ADHD (2 subscales: inattention and hyperactivity), 1
subscale for symptoms of Disruptive Mood Dysregulation Disorder (DMDD), and 1
subscale for symptoms of Oppositional Defiant Disorder (ODD). There are 2 to 9 Likert-
style questions for each subscale, with raw scores of 0=never, 1=sometimes, 2=often,
3=very often. A symptom severity score is calculated for each subscale as the sum of the
raw scores for each question in a subscale. A mean score with a value from 0 to 3 is
calculated for each subscale, with 3 being the highest possible symptom severity mean
score.®® ADHD symptom severity is measured using the symptom severity mean scores
for both inattention and hyperactivity/impulsiveness subscale on the CASI-5. A mean
item score of 2 or greater is considered clinically impairing. Emotional dysregulation
symptoms are measured using the symptom severity mean scores from the ODD and

DMDD subscales on the CASI-5.
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The Strengths and Difficulties Questionnaire (SDQ) is a brief behavioral
screening questionnaire designed to measure positive and negative attributes, divided
between 5 scales: emotional symptoms, conduct problems, hyperactivity/inattention, peer
relationships, and prosocial behaviors.%! Each problem has a maximum score of 10, with
higher scores denoting more severe problems, except on the prosocial subscale which is
reverse scored. Cut-points are provided to differentiate between scores that are “close to
average,” defined such that 80% of the population would score in that range, and elevated
scores. The “close to average” ranges are 0-3 for emotional problems, 0-2 for conduct
problems, 0-5 for hyperactivity/impulsivity, 0-2 for peer problems, and 8-10 for prosocial
scores; anything above that range (or below the range for prosocial) is considered

elevated.5?

3.4 Statistical Analysis

Demographic variables and diet quality scores were analyzed using descriptive
statistics. These were reported as means (standard deviations) for normally distributed
data or medians (interquartile ranges) for non-normal data, and proportions where
appropriate. For non-parametric data, p-values comparing data across 2 categories were
calculated using Mann-Whitney test and Kruskal-Wallis test was used for 3+ categories.
One-sample t-test and Wilcoxon Signed-rank test were used to compare total HEI score
and HEI category scores, respectively, to the national average. ADHD and emotional
symptom scores and diet quality scores were analyzed as continuous variables. Linear
regression models were used to examine the relation of diet quality scores and severity of

ADHD and emotional symptoms, adjusting for covariates when necessary. Statistical
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analyses were conducted using Stata Version 16 statistical software package (Stata

Statistical Software: Release 16. College Station, TX: StataCorp LLC).
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Chapter 4. Results

4.1 Sample Population Characteristics

The study included 134 children aged 6 to 12 (median age = 9.9 years, IQR= 8.4-
11.1) presenting with symptoms of ADHD and emotional dysregulation, 71% of whom
were male. Approximately 79% of the sample identified as White/Caucasian. Over half
of the sample (57%) had family income greater than $80,000/year, while about 34% had
incomes between $30,000-80,000/year, and the remaining 9% had incomes below
$30,000/year. A complete description of the sociodemographic characteristics and
symptom scores of the study population are shown in Table 3. The characteristics of the
study participants as related to symptoms of ADHD are shown in Table 4, and
characteristics as related to symptoms of emotional dysregulation are shown in Tables 5
and 6. Tables 4-6 show an inverse relationship between family income and symptom
severity scores for all outcome conditions [hyperactivity (p = 0.04), Emotional Problems
(p = 0.01), Conduct Problems (p = 0.002), ODD (p = 0.004), and DMDD (p = 0.005)],
except inattention (p =0.91). Correlation coefficients were calculated to find associations
between age, BMI, and symptom severity scores. There was a significant association
between age and the CASI-5 Inattention score (r = 0.19, p=0.03) and between BMI and
SDQ Emotional Problems score (r = 0.176, p=0.05); the rest of the relationships were not

significant. The characteristics of the study participants as related to HEI scores are
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shown in Table 7. There were no significant associations between the demographic
variables and HEI scores.

The average total HEI-2015 score for the study sample was 63.4 [(SD =8.8);
range (40.8-81.2)], which is significantly higher than the mean of 53.9 (95% ClI: 52.5-
55.1) (p < 0.0001) reported among the general U.S. child population aged 6-11 based on
2009-2014 NHANES data.** This sample of children with ADHD symptoms also had
significantly better scores than the national average for all the HEI component scores,
except for Whole Fruit, Dairy, Sodium, and Saturated Fat which were all significantly
below the national average. The mean score for Fatty Acids was not significantly
different between the two populations (Table 8). A radar plot comparing the dietary

patterns for the study sample compared to the national average is shown in Figure 1.
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Table 3. Characteristics of the study sample.

Characteristic Median IQR
Child's age 9.9 8.4-11.1
BMI 16.6 15.3-18.6
CASI-5 Item Mean Scores

Inattention 22 1.9-2.7

Hyperactivity 1.9 1.3-2.3

Oppositional Defiant Disorder (ODD) 1.8 1.1-2.3

Disruptive Mood Dysregulation

Disorder (DMDD) 1.0 0.5-2.0
SDQ scores

Emotional Problems 3.0 2.0-5.0

Conduct Problems 3.0 2.0-5.0

N %

Child's sex

male 95 70.9

female 39 29.1
Family Income

Less than $30,000 12 9.0

$30,001 - 60,000 28 20.9

$60,001 - 80,000 18 134

$80,001 or more 76 56.7
Parent Marital Status

married 101 75.4

divorced 25 18.7

single 8 6.0
Parent Educational Level

high school 21 15.7

technical college/ trade school 32 23.9

university or higher 81 60.4
Ethnicity 2

Not Hispanic or Latino 92 68.7

Hispanic or Latino 8 6.0

Other 7 5.2
Race 2

Asian 5 3.7

Black 8 6.0

White 106 79.1

Other 7 5.2

2 27 participants did not report ethnicity, 8 participants did not report race
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Table 4. Characteristics of participants as related to symptoms of ADHD

CASI-5 Hyperactivity/

CASI-5 Inattention Impulsivity
Mean Median p- Mean Median p-
Characteristic (SD) (1QR) value? (SD) (IQR) value?
Child's sex 0.119 0.058
2.26 2.33 1.84 2.00
male (0.47) (1.89-2.67) (0.67) (1.40-2.30)
2.10 211 1.62 1.60
female (0.52) (1.78-2.44) (0.66) (1.20-2.10)
Family Income 0.908 0.040
2.25 2.28 2.03 2.10
Less than $30,000 (0.59) (1.95-2.73) (0.53) (1.55-2.40)
2.27 2.33 2.00 1.90
$30,001 - 60,000 (0.43) (1.89-2.62) (0.49) (1.65-2.45)
2.18 2.22 1.96 1.95
$60,001 - 80,000 (0.49) (1.78-2.44) (0.72) (1.30-2.60)
2.20 2.22 161 1.75
$80,001 or more (0.50) (1.89-2.62) (0.70) (1.05-2.20)
Parent Marital Status 0.978 0.782
221 2.33 1.78 1.80
married (0.50) (1.89-2.67) (0.64) (1.30-2.20)
2.24 2.22 1.73 2.00
divorced (0.42) (2.00-2.56) (0.83) (1.10-2.30)
2.15 2.22 1.94 2.05
single (0.64) (1.61-2.73) (0.57) (1.50-2.40)
Parent Educational Level 0.299 0.001
2.09 2.00 2.13 2.30
high school (0.56) (1.67-2.44) (0.59) (1.80-2.60)
technical college/ trade 2.18 2.22 2.00 2.00
school (0.45) (1.95-2.44) (0.54) (1.70-2.30)
2.26 2.33 1.60 1.70
university or higher (0.49) (1.89-2.67) (0.68) (1.10-2.20)
Ethnicity 0.112 0.849
2.23 2.28 1.83 1.95
Not Hispanic or Latino (0.53) (1.89-2.67) (0.68) (1.30-2.35)
2.38 2.33 1.86 1.95
Hispanic or Latino (0.32) (2.17-2.67) (0.70) (1.60-2.40)
1.84 1.67 1.79 1.60
Other (0.47) (1.56-2.44) (0.61) (1.30-2.10)
Race 0.441 0.879
1.96 1.89 1.90 2.00
Asian (0.59) (1.67-2.22) (0.63) (1.30-2.40)
2.37 2.39 1.75 2.05
Black (0.42) (2.06-2.67) (0.88) (0.95-2.40)
221 2.22 1.80 1.90
White (0.50) (1.89-2.67) (0.66) (1.30-2.30)
2.40 244 2.03 1.90
Other (0.49) (2.00-2.78) (0.67) (1.30-2.80)

a. p-value comparing 2 categories is calculated using Mann-Whitney test and for 3+ categories is calculated

using Kruskal-Wallis test
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Table 5. Characteristics of participants as related to symptoms of emotional dysregulation
based on CASI-5 measures

CASI-5 ODD CASI-5 DMDD
Mean Median p- Mean Median p-
Characteristic (SD) (IQR) value @ (SD) (IQR) value @
Child's sex 0.123 0.226
1.73 1.88 1.30 1.00
male (0.69)  (1.25-2.25) (0.85) (0.50-2.00)
1.53 1.50 1.09 1.00
female (0.69) (1.00-2.13) (0.79) (0.50-1.50)
Family Income 0.004 0.005
221 2.44 1.88 2.00
Less than $30,000 (0.61)  (2.00-2.63) (0.80) (1.25-2.50)
1.76 1.88 1.25 1.00
$30,001 - 60,000 (0.61)  (1.25-2.19) (0.83) (0.50-2.00)
1.80 1.88 1.58 1.50
$60,001 - 80,000 (0.70)  (1.38-2.38) (0.84) (1.00-2.00)
1.52 1.50 1.05 1.00
$80,001 or more (0.69)  (1.07-1.94) (0.78) (0.50-1.50)
Parent Marital Status 0.117 0.128
1.66 1.75 1.20 1.00
married (0.66)  (1.25-2.13) (0.76) (0.50-1.50)
1.57 1.50 1.18 1.00
divorced (0.78)  (1.00-2.25) (1.01) (0.50-2.00)
211 2.19 1.88 2.00
single (0.69)  (1.94-2.57) (1.03) (1.25-2.75)
Parent Educational Level 0513 0.191
1.56 1.75 0.95 1.00
high school (0.73)  (1.00-2.00) (0.69) (0.50-1.25)
technical college/ 1.76 1.88 1.39 1.50
trade school (0.74)  (1.19-2.38) (0.98) (0.50-2.00)
1.66 1.75 125 1.50
university or higher (0.67) (1.25-2.25) (0.80) (0.50-2.00)
Ethnicity 0.599 0.825
1.69 1.75 121 1.00
Not Hispanic or Latino  (0.71) (1.13-2.25) (0.80) (0.50-1.50)
1.89 194 1.50 1.25
Hispanic or Latino (0.52)  (1.44-2.32) (1.07) (0.50-2.50)
1.52 1.50 1.29 1.00
Other (0.60)  (1.25-1.88) (1.07)  (0.50-2.50)
Race 0.193 0.133
1.70 1.88 1.50 1.00
Asian (0.24)  (1.50-1.88) (0.94) (1.00-2.50)
2.18 2.19 1.88 1.75
Black (0.46)  (1.94-2.44) (0.64)  (1.50-2.25)
1.65 1.75 121 1.00
White (0.70)  (1.13-2.25) (0.83)  (0.50-2.00)
1.75 1.75 1.07 1.00
Other (0.54)  (1.25-2.00) (0.84) (0.50-1.50)

a. p-value comparing 2 categories is calculated using Mann-Whitney test and for 3+ categories is
calculated using Kruskal-Wallis test
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Table 6. Characteristics of participants as related to symptoms of emotional dysregulation
based on SDQ measures

SDQ Emotional Problems SDQ Conduct Problems
Mean Median p-value Mean Median p-value
Characteristic (SD) (IQR) @ (SD) (IQR) a
Child's sex 0.394 0.562
3.25 3.00 3.67 4.00
male (2.44) (1.00-5.00) (1.97) (2.00-5.00)
3.56 4.00 3.49 3.00
female (2.23) (2.00-5.00) (1.75) (2.00-5.00)
Family Income 0.011 0.002
5.00 4.00 4.92 5.00
Less than $30,000 (2.73) (3.00-8.00) (1.73) (4.00-6.00)
3.86 4.00 4.32 4.00
$30,001 - 60,000 (2.21) (2.00-5.00) (2.07) (3.00-5.50)
3.83 4.00 3.72 4.00
$60,001 - 80,000 (2.36) (2.00-5.00) (1.78) (2.00-5.00)
2.78 2.00 3.13 3.00
$80,001 or more (2.23) (1.00-4.00) (1.74) (2.00-4.00)
Parent Marital Status 0.442 0.513
3.32 3.00 3.63 3.00
married (2.37) (1.00-5.00) (1.92) (2.00-5.00)
3.04 3.00 3.40 3.00
divorced (2.11) (2.00-4.00) (1.96) (2.00-5.00)
4.63 3.50 413 4.50
single (3.07) (2.50-7.50) (1.55) (3.50-5.00)
Parent Educational Level 0.161 0.857
3.24 3.00 3.48 3.00
high school (1.58) (2.00-4.00) (2.20) (1.00-5.00)
technical college/ trade 3.94 4.00 3.75 3.50
school (2.34) (2.00-6.00) (1.85) (2.50-5.00)
3.14 3.00 3.60 3.00
university or higher (2.54) (1.00-5.00) (1.86) (2.00-5.00)
Ethnicity 0.702 0.266
3.32 3.00 3.73 4.00
Not Hispanic or Latino (2.34) (2.00-5.00) (1.92) (2.00-5.00)
3.63 2.00 4.13 4.00
Hispanic or Latino (3.34) (1.50-6.50) (2.17) (2.50-6.00)
3.86 4.00 2.71 3.00
Other (1.77) (2.00-5.00) (1.11) (2.00-4.00)
Race 0.554 0.314
3.00 3.00 4.20 4.00
Asian (1.00) (2.00-4.00) (2.28) (2.00-6.00)
4.00 4.00 4.63 5.00
Black (1.93) (2.00-5.50) (1.19) (3.50-5.50)
3.15 3.00 3.61 3.00
White (2.34) (1.00-5.00) (1.96) (2.00-5.00)
4.29 4.00 3.29 3.00
Other (3.09) (2.00-6.00) (1.25) (3.00-4.00)

a. p-value comparing 2 categories is calculated using Mann-Whitney test and for 3+ categories is calculated using
Kruskal-Wallis test
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Table 7. Characteristics of participants as related to HEI scores

HEI-2015 Total Score

Characteristic Mean (SD) Median (IQR) p-value 2
Child's sex 0.793
male 63.2 (8.7) 63.3 (58.8-68.8)
female 63.9 (9.1) 65.2 (57.1-71.1)
Family Income 0.439
Less than $30,000 61.4 (9.6) 59.3 (57.5-62.5)
$30,001 - 60,000 62.3 (8.8) 63.9 (57.0-68.3)
$60,001 - 80,000 65.4 (6.7) 67.0 (60.5-69.8)
$80,001 or more 63.6 (9.2) 64.9 (58.3-70.1)
Parent Marital Status 0.414
married 63.1(9.1) 63.5 (57.7-69.8)
divorced 63.2 (7.7) 65.4 (58.8-67.9)
single 68.0 (8.2) 65.2 (62.5-73.7)
Parent Educational Level 0.162
high school 62.8 (9.0) 62.6 (57.2-69.8)
technical college/ trade school 60.9 (7.7) 61.8 (57.0-67.1)
university or higher 64.5(9.1) 65.2 (58.7-70.8)
Ethnicity 0.450
Not Hispanic or Latino 63.1(8.9) 63.4 (57.7-69.2)
Hispanic or Latino 67.2 (6.9) 65.7 (62.1-70.4)
Other 66.3 (13.4) 66.9 (54.4-79.4)
Race 0.456
Asian 68.4 (9.2) 69.7 (66.6-71.4)
Black 65.9 (11.6) 67.8 (62.8-73.3)
White 63.0 (8.8) 62.9 (57.2-69.0)
Other 63.4 (10.0) 66.0 (58.2-71.1)
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Table 8. Diet quality of the study sample

National Average? Study Sample p-value °
mean mean (SD)  median (IQR)
Total HEI-2015 Score (max 100) 53.9 63.4(8.8) 63.6 (58.2-69.2)  <0.0001
Adequacy components®:
Total Fruit (max 5) 3.7 44 (1.1) 5.0 (4.1-5.0) <0.0001
Whole Fruit (max 5) 4.9 4.6 (0.9) 5.0 (5.0-5.0) 0.001
Total Vegetables (max 5) 2.1 3.7(1.2) 3.8 (2.9-5.0) <0.0001
Greens and Beans (max 5) 1.6 3.0(1.8) 3.2 (1.7-5.0) <0.0001
Whole Grains (max 10) 2.6 5.3 (3.2) 5.1 (2.5-7.8) <0.0001
Dairy (max 10) 9.0 6.9 (2.8) 7.2 (4.7-10.0) <0.0001
Total Protein Foods (max 5) 4.3 4.4 (1.0) 5.0 (4.1-5.0) 0.007
SeaFoods and Plant Proteins
(max 5) 2.9 3.5(1.6) 4.0 (2.4-5.0) <0.0001
Fatty Acids (max 10) 2.9 3.5 (2.6) 3.0 (1.5-5.1) 0.125
Moderation Components®:
Refined Grains (max 10) 4.2 7.7 (2.5) 8.5 (6.3-10.0) <0.0001
Sodium (max 10) 4.8 3.6 (2.3) 3.8 (2.0-5.4) <0.0001
Saturated Fat (max 10) 5.6 4.0 (2.8) 3.8 (1.7-6.0) <0.0001
Added Sugars (max 10) 5.3 8.8 (1.5) 9.4 (7.9-10.0) <0.0001

@ National Average HEI scores for ages 6-11 (Thomson et al. 2018)

b p-value calculated by one-sample t-test for Total HEI score and by Wilcoxon signed-rank test for
category scores

¢ Adequacy components are scored where higher scores mean higher consumption

d Moderation components are scored where higher scores mean lower consumption
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Figure 1. Radar plot of HEI category scores for study sample
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4.2 Relationship between ADHD Symptom Severity and Diet Quality in Children

The median CASI-5 symptom score for inattention was 2.2 (IQR: 1.9-2.7) and for
hyperactivity/ impulsivity was 1.9 (IQR: 1.3-2.3). For most items on the CASI-5,
symptom scores above 2, which includes symptoms marked as occurring “often”
(score=2) or “very often” (score=3) are considered clinically significant. The study
sample had high levels of inattentive symptoms that would be considered clinically
significant based on the median CASI-5 item mean scores.

The results of the regression analysis between diet quality scores and ADHD
symptom severities are shown in Table 9. Neither the severity of inattention nor

hyperactivity-impulsivity symptoms were associated with the HEI-2015 Total Score
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(Table 9). In further analysis using the dietary component scores, both vegetables ( = -
0.118, p =0.016) and refined grains (p = 0.052, p =0.017) were found to be associated
with inattention (Table 9). The statistically significant relationship remained even after
adjusting for potential covariates of gender, household income level, and parent
education level. Refined grains (B = 0.057, p =0.054) neared a significant association
with hyperactivity/impulsivity symptoms, but that relationship was attenuated after

controlling for covariates (Table 9).
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Table 9. Associations between diet quality score and ADHD symptoms

CASI-5 Inattention CASI-5 Hyp/ Imp
B p-value B p-value B p-value B p-value
Analysis 1: Total Diet
Quality Model 0 Model 1 Model 0 Model 1
HEI-2015 Total Score | 0.001 0.806 0.001 0.856 0.005 0.413 0.010 0.113
Analysis 2: Dietary
components* Model 0 Model 1 Model 0 Model 1
Total Fruit -0.058 0.256  -0.063 0.228 | -0.105 0.133  -0.091 0.169
Vegetables -0.118 0.016 -0.120 0.015 | -0.087 0.188  -0.077 0.211
Whole Grains -0.001 0.973 0.002 0.887 0.010 0.614 0.025 0.208
Dairy -0.024 0.271  -0.015 0.491 0.019 0.512 0.004 0.885
Protein Foods -0.012 0.820 -0.012 0.831 | -0.038 0.610 -0.074 0.292
SeaFoods and
Plant Proteins -0.002 0.943  -0.005 0.873 0.030 0.475 0.036 0.358
Fatty Acids -0.007 0.798  -0.001 0.973 0.033 0.345 0.032 0.333
Refined Grains 0.052 0.017 0.050 0.022 0.057 0.054 0.039 0.155
Sodium -0.024 0.353  -0.031 0.267 | -0.030 0.410  -0.005 0.888
Saturated Fat 0.025 0.280 0.025 0.305 0.039 0.229 0.031 0.303
Added Sugars 0.049 0.165 0.033 0.391 | -0.030 0.531 0.007 0.892

Model 0: unadjusted model

Model 1: includes model 0 plus gender, household income level, and parental education level as covariates
*components Whole Fruit & Greens and Beans were removed from the regression analysis due to multicollinearity
with Total Fruits and Total VVegetables, respectively

4.3 Relationship between Emotional Dysregulation Symptom Severities and Diet Quality

in Children

The median SDQ Emotional Problems subscale score for the study sample was
3.0 (IQR: 1.8-5.0) which is considered a “slightly raised” score according to the four-
band categorization of SDQ scores for 4-17-year-olds 2 (Table 3). The median Conduct
Problems subscale score was 3.0 (IQR: 2.0-5.0) which falls within the “close to average”
category ®2 (Table 3). The median ODD symptom mean score for the sample population
was 1.8 (IQR: 1.1-2.3) and the median DMDD mean symptom score was 1.0 (IQR: 0.5-

2.0); neither of these scores are considered clinically significant.
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Table 10 includes the results of the regression analysis between diet quality scores
and emotional dysregulation symptoms. In the unadjusted models (model 0), HEI-2015
Total Score was not associated with conduct problems, emotional problems, ODD
symptoms, or DMDD symptoms. In the unadjusted model examining the relationship
between dietary component scores and emotional dysregulation outcomes, the only
significant relationship was the Total Fruit score with conduct problems (p =-0.423, p
=0.037). This relationship remained significant after the model was adjusted for

covariates of gender, household income level, and parent education level (model 1).

39



Table 10. Associations between diet quality scores and emotional dysregulation symptoms severities

SDQ Emotional Problems SDQ Conduct Problems CASI ODD Symptom Score CASI DMDD Symptom Score
p- p- p- p- p- p- p- p-
B value B value B value B value B value B value B value B value
Analysis 1: Total diet quality Model 0 Model 1 Model 0 Model 1 Model 0 Model 1 Model 0 Model 1
HEI-2015 Total Score -0.040  0.086  -0.036  0.119 0.002 0.924  0.005  0.791 0.004  0.554 0.005 0.412 0.010 0.218  0.011 0.165
Analysis 2: Dietary
components* Model 0 Model 1 Model 0 Model 1 Model 0 Model 1 Model 0 Model 1
Total Fruit -0.174  0.491 -0.162  0.520 -0.423  0.037  -0.400  0.043 -0.037  0.618 -0.048  0.506 -0.051  0.572 -0.084  0.330
Vegetables -0.018  0.942 0.051 0.828 0.213  0.264 0.245  0.179 0.037  0.596 0.052  0.442 0.070  0.410 0.097  0.226
Whole Grains -0.003  0.966 0.011  0.877 0.061 0.301 0.093  0.110 0.021  0.335 0.034 0.113 0.029 0.271 0.040  0.119
Dairy -0.006  0.957 -0.017  0.872 0.016  0.854 0.025  0.769 -0.024  0.447 -0.024  0.439 0.018  0.641 0.022  0.551
Protein Foods 0.179  0.507 0.168  0.529 0.198 0.357 0.176  0.397 -0.040  0.611 -0.054  0.478 -0.036  0.709 -0.043  0.636
SeaFoods and
Plant Proteins 0.108  0.475 0.102  0.489 -0.109  0.363  -0.119  0.298 -0.002  0.958 -0.004  0.924 0.028  0.606 0.024  0.639
Fatty Acids -0.067  0.599 -0.042  0.739 0.070  0.495 0.106  0.277 -0.001  0.988 0.012  0.733 -0.012  0.797 0.006  0.881
Refined Grains -0.065  0.537 -0.116  0.271 0.092  0.279 0.050 0.541 0.041 0.191 0.023  0.443 0.032_ 0.400 0.008  0.813
Sodium -0.134  0.302 -0.062  0.639 0.046  0.656 0.074 0473 -0.015  0.694 0.003  0.928 -0.020  0.658 0.008  0.851
Saturated Fat -0.082  0.481 -0.084  0.465 -0.009 0.920  -0.027  0.761 -0.019 0579 -0.024  0.465 -0.008  0.851 -0.007  0.851
Added Sugars -0.134  0.441 -0.097  0.603 -0.136  0.328  -0.232  0.113 -0.073  0.155 -0.092  0.090 -0.027 0.664  -0.021  0.739

Model 0: unadjusted model
Model 1: includes model 0 plus gender, household income level, and parental education level as covariates

*components Whole Fruit & Greens and Beans were removed from the regression analysis due to multicollinearity with Total Fruits and Total VVegetables, respectively
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Chapter 5. Discussion

Summary of Main Findings

This cross-sectional study sought to determine the relationships between diet
quality and ADHD and emotional dysregulation symptom severity among youth. We did
not find a relationship between overall diet quality and severity of ADHD symptoms of
inattention nor hyperactivity/impulsivity. This finding is aligned with a prior study in the
United States by Holton et al. (2019) which found no significant difference in HEI scores
between those with and without ADHD among both children and college student
populations.*® However, the finding also contrasts with results from several other studies
that used other a priori defined diet quality indices and found significant associations
between ADHD and diet quality. Using a diet quality index reflecting adherence to the
Dutch dietary recommendations for children, a significant inverse relationship was found
between ADHD symptoms at 6 years of age and diet quality score at age 8.#” In a study
utilizing a diet quality score reflecting adherence to the Mediterranean diet, researchers
found a positive relationship between lower diet quality and ADHD diagnosis in children
and adolescents.® In a study among German children, hyperactivity/impulsivity scores
were negatively correlated with diet quality scores based on Healthy Nutrition Score for
Kids and Youth guidelines.*®

Similarly, our study did not find a relationship between overall diet quality and

symptoms of emotional dysregulation as measured by ODD symptoms, DMDD
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symptoms, emotional problems and conduct problems. This finding also contrasts with
several studies using a priori defined diet quality scores which found that better diet
quality was associated with less emotional symptoms. In Germany, a higher diet quality
score reflecting adherence to the German Optimized Mixed Diet was associated with
lower likelihood of emotional symptoms in 11-year-old children.>* Additionally, a study
of children aged 2-9 in Europe found that higher adherence to healthy dietary guidelines
at baseline was associated with fewer emotional and peer problems 2 years later.>°

There are several plausible explanations for the different findings between the two
North American studies and the set of studies from Europe. First, the two North
American studies had smaller sample sizes compared with most of the other above cited
studies, except for the study by Rios-Hernandez et al., which may make it hard to detect
smaller effect sizes. Second, it is possible that the other dietary guidelines/ diet quality
indices (Dutch, German, Mediterranean diet, etc.) may more directly reflect dietary
factors expected to affect ADHD than the HEI-2015, such as consumption of seafoods,
red meat, legumes, nuts, and seeds specifically since these foods are typically high in
omega-3 fatty acids, iron, zinc, magnesium, and B-vitamins.

While many of the studies used a priori defined dietary indices to measure diet
quality, several studies used factor analysis to generate a posteriori defined “healthy”
dietary patterns, which were consistently defined as high in fruits, vegetables, and whole
grains, though other factors were slightly different among the studies. 78 4% 5356 The
findings from these studies, as they related ADHD and emotional dysregulation

symptoms, were less conclusive. Only one study found an inverse association between

42



the “healthy” dietary pattern and ADHD,? while four other studies found that ADHD
diagnosis or behavior scores were not associated with the overall “healthy” dietary
pattern. " 455356 |nstead, most of these studies found stronger relationships between
unhealthy dietary patterns such as “sweet” and “Western” and either ADHD or
emotional/behavior problems.

Our study also examined associations between the HEI-2015 dietary component
scores and symptom severities. We found the HEI-2015 vegetable component scores to
be inversely associated with inattention even after adjusting for covariates, while refined
grains showed a direct association. The vegetable association is consistent with previous
findings that showed lower frequency of fruit and vegetable consumption was associated
with higher prevalence of ADHD diagnosis.®>!° Our study adds to this finding by linking
lower vegetable intake specifically to increased severity of inattention.

Because “refined grains” is an HEI-2015 moderation component, a higher score
for this component indicates less consumption of refined grains. The finding of a positive
association between the refined grain component score and inattention was unexpected as
it indicates that reduced consumption of refined grain is associated with higher levels of
inattention. This finding is contrary to previous research where children with ADHD
were reported to consume more refined grain compared to children without ADHD.* In
addition, refined grains has been included as a component of the “Western” dietary
pattern that was found to be associated with ADHD, though it was not determined if there

was a specific link with ADHD and the refined grains component alone.’
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Another significant finding is that conduct problems were negatively associated
with the total fruit component score, even after adjusting for covariates. Again, these
findings are consistent with research which found that improved behavior scores were
associated with higher intakes of leafy green vegetables and fruit components of the
healthy dietary pattern, but not with the overall healthy dietary pattern.® This association
may be related to the micronutrient and antioxidant content of fruits which may improve
neurotransmission and reduce inflammation.*

Of particular interest among this sample of children, family income was found to
be significantly associated with all symptom severities except inattention. In general,
higher family income was associated with lower symptom scores, and the association was
driven primarily by the difference between scores for the lowest income group
(<$30,000/year) compared to the highest income group (>$80,001/year), but also by the
lowest income group compared to the 2" highest income group ($60,001-$80,000/year).
It should be noted that all significant findings reported above remained significant even
after controlling for family income in the adjusted models. In the regression analysis for
the adjusted model for conduct problems, the effect size of the statistically significant
dietary components was several times smaller than the effect size of family income. An
additional confounding factor is that lower family income level is known to be associated
with poorer diet quality.®® Our sample’s higher-than-average total HEI scores may reflect
that over 70% of this study sample had annual family income levels over $60,000. These
findings suggest that family income must be considered in future studies when examining

relationships between diet and ADHD or emotional dysregulation symptoms.
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Strengths and limitations of the study

This study addresses several gaps in the existing literature on dietary quality and
ADHD by being the first study to use the Healthy Eating Index to examine relationships
with the severity of symptoms of ADHD and emotional dysregulation. This is also the
first study to investigate the HEI dietary component scores for potential associations with
these symptoms. Another strength of this study is the use of continuous variables for both
diet quality and ADHD symptoms to avoid the loss of useful information caused by
translating into categories.*’ Finally, the use of dietary pattern analysis compared to
single nutrient analyses enables a broader picture of food and nutrient consumption,
which is pertinent given the multi-factorial nature of ADHD and the potential effects of a
variety of nutrients on symptoms.

A limitation of this study is the use of a FFQ to track dietary intake. While a good
tool for capturing habitual dietary intake, FFQs are vulnerable to random and systematic
errors,® making the detection of small effect size more difficult. Additionally, the
relatively small sample size of this study compared to larger population studies also make
detection of small effect sizes more difficult. The cross-sectional design of this study
does not provide any indication of cause-and-effect relationships between diet and
symptoms. Finally, the generalizability of findings from this study may be limited by the
relatively high mean HEI score of this study sample; caution may be warranted in the
generalization of study results to other cohorts of children with ADHD.

Implications for future research
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Although ADHD affects almost 10% of the US population and the US prevalence
is nearly double the global prevalence, there is a scarcity of studies examining the
relationship between ADHD and US dietary patterns. The existing studies of US samples
have not found relationships with ADHD and overall diet quality as measured by the
Healthy Eating Index. Future research should take advantage of larger sample
populations if available to enable the detection of small effect sizes. Additionally, future
research should utilize dietary indices that better capture nutrients of interest which are
associated with ADHD and emotional symptoms as applied to the US population. Finally,
more extensive analysis of how family income may moderate the relationship between

diet and emotional dysregulation symptoms should be examined.
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Chapter 6. Conclusions

While better vegetable and total fruit scores were associated with better symptoms
in aspects of ADHD and emotional dysregulation, overall diet quality measured by the
HEI was not associated with inattention, hyperactivity/impulsivity, and emotional
dysregulation symptom severities among this cohort of children. Family income level
was also significantly associated with severity of hyperactivity/ impulsivity, emotional
problems, conduct problems, along with ODD and DMDD symptoms. Our findings could
be explained by the fact that our study sample had relatively high family income and
good diet quality. These findings are significant to the population of children with
symptoms of ADHD and irritability because they indicate that those with more severe
symptoms are more likely to not eat enough fruits and vegetables, putting them at

increased risk for future diseases.
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