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Background: Concussions are a growing public health concern, and emerging long-term
health risks may negatively impact an individual’s quality of life. With concussions, there can be
a multitude of signs and symptoms, but frequent long-term sequelae of concussions including
mood disturbances (e.g. trait anxiety and depression) and sleep disturbances (e.g. difficulties
initiating and maintaining sleep) are given less attention. Few clinicians address mood and sleep
disturbances in their concussion assessment and management plan, potentially placing
individuals at risk for prolonged disturbances beyond recovery. Purpose: To examine the
relationship between sleep disturbances (sleep quality) and mood disturbances (trait anxiety and
depression) in healthy young adults with and without a history of concussions. Methods: Healthy
young adults (n=436) from 3 universities across the country completed a one-time, 15-20-minute
anonymous survey administered via Qualtrics. Survey components consisted of demographic
information, concussion history, two mood disturbance questionnaires (State-Trait Anxiety
Inventory and Beck Depression Inventory) and two sleep quality questionnaires (Pittsburgh
Sleep Quality Index (PQSI) and Insomnia Severity Index (I1SI)). Exclusion criteria consisted of
having suffered a concussion or traumatic brain injury within the past 6 months, history of
cancerous brain tumors, and diagnosed with post-traumatic stress disorder, schizophrenia, or
bipolar disorder. Structural equation modeling (SEM) was used as the primary statistical analysis

for trait anxiety (model 1) and depression (model 2). Results: Concussion history has an indirect



relationship with trait anxiety and depression, where sleep quality mediates this relationship.
Mediation analysis indicated no direct relationship of concussion history with anxiety and
depression, but a significant direct pathway from concussion history to sleep quality (p=0.015,
SE=0.005, p<0.001) and from sleep quality to trait anxiety (p=0.168, SE=0.015 p<0.001) and
depression (p=0.186, SE=0.016 p<0.001). Model 1 accounted for a significant amount of
variance in concussion history (7.9%) and sleep quality (37.3%,) on trait anxiety. Model 2
accounted for a significant variance for concussion history (7.7%) and sleep quality (36.6%) on
depression. Conclusion: Concussion history may not influence trait anxiety and depression
directly, but it may have an influence through an indirect pathway of sleep quality. Our
preliminary findings demonstrate the importance of examining trait anxiety, depression, and
sleep disturbances together within individuals with a history of concussion and these components
collectively may be important to include as part of baseline screening and in the evaluation and

management of concussion.

KEYWORDS: Concussion; Mild Traumatic Brain Injury; Mood Disturbances; Sleep

Disturbances; Trait Anxiety
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CHAPTER I: INTRODUCTION

A concussion, or mild traumatic brain injury, is defined as a traumatically induced
transient disturbance of brain function that involves a complex pathophysiological process.*
Concussion is classified based on acute injury characteristics at the less severe end of the brain
injury spectrum.>? A general misconception of concussions is that an individual must lose
consciousness to be seen as "concussed”, while the majority of concussions do not involve loss
of consciousness; they may present, however, with various symptoms such as dizziness,
headaches, blurred vision, and concentration problems.® There can be a diverse multitude of
signs and symptoms associated with a concussion that may be delayed in onset or initially
unrecognized.! Some clinical symptoms are somatic (e.g. headaches and nausea), cognitive (e.g.
confusion, decreased attention, slowed mental processing, or "fogginess”), or emotional (e.g.
anxiety, irritability, trouble sleeping, or sadness).>®* Although observed symptoms typically
resolve within 7 to 14 days,? approximately 10% of individuals experience prolonged symptoms®
and emerging research is exploring the varying effects of prolonged symptoms that may go
unresolved such as chronic headaches and fatigue, memory impairment, mood disturbances (i.e.
anxiety and depression) requiring psychological interventions, and sleep disturbances.>”’

The two most frequent and underreported long-term sequelae of concussions are mood
and sleep disturbances.? Despite the high prevalence of these symptoms, few clinicians include
psychosocial factors, emotional changes, and sleep disturbances in their concussion
assessments.® Anxiety and depression are present in up to 50% of athletes following acute
concussion.%12 Additionally, 50% of concussed patients with psychiatric symptoms had a
history of a preinjury psychiatric disorder.'? When these impairing disturbances within an

individual’s quality of life go undiagnosed or improperly managed, symptom severity may



worsen, potentially leading to clinical depression, worsened ruminative thinking, clinical anxiety
(i.e. generalized anxiety disorder), and even suicidal ideation and intent.*?2 Pre-injury risk
factors, such as family mental health history, have been found to be predictive of ongoing
impairment.* Individuals that have an immediate family member with a history of a mental
health disorder are predisposed to development of a mood disorder and should be carefully
considered in evaluation and management of concussion.* Additionally, poor sleep quality (i.e.
trouble falling asleep, staying awake, and fatigue) and decreased sleep quantity (i.e. less amount
of sleep) can have harmful effects on an individual’s overall physical and mental health.®
Difficulty initiating or retaining sleep, recognized as insomnia, is a common affliction that can
coincide with feelings of irritability or fatigue during wakefulness.'® Insomnia can produce
physical pain such as headaches and abdominal pain,!’ exacerbate conditions such as obesity,
cardiovascular disease, and hypertension'®, and negatively affect mental health by increasing
mental distress, increasing feelings of hopelessness and sadness, and worsen ruminating
thoughts.'® Insomnia has been found to be a risk factor for mental health conditions, such as
depression, where the risk factor for depression among those with insomnia is strong.?
Although the presence of sleep and mood disturbances vary significantly among
individuals following concussion, sleep and mood are collaborative in nature. Evidence shows
that mood and sleep quality have a strong causal relationship and within that relation, mood has
an effect on sleep and vice versa, with the effect of sleep quality on mood being significantly
greater.?! It has been found that the relationship between mood and sleep quality is stronger in
those who have concurrent anxiety and/or depression.?! Anxiety levels may affect how one
perceives their sleep quality.?? Despite levels of anxiety, individuals may similarly experience

equivalent sleep durations, but those with higher anxiety levels perceive their sleep quality as



poor.?? With regards to concussion, patients who report moderate to severe emotional symptoms,
such as sadness or feeling nervous or anxious, have a greater likelihood of reporting moderate to
severe sleep disturbances later on throughout recovery.?® Sleep complaints subsequent to a
concussion are a probable risk factor for later development of worsened feelings of depression
and irritability.?* Difficulties falling asleep, drowsiness, and sleeping more than usual are
common sleep disturbances in those with a history of concussion and have been linked to poorer
mood disturbance scores.?® Post-concussion sleep disturbances have been shown to predict
decrements in mental health, such as symptoms of depression, anxiety, and apathy 1 year post-
injury.?® Despite these directional relationships, to our knowledge, there is no evidence that
examines the effect of history of concussions on sleep and mood disturbances collectively.

It is essential for clinicians to recognize and understand mood and sleep disturbances in
those with a history of concussion, as they both can become more prevalent and possibly more
severe over time.?” Individuals with a greater historical number of concussions, or concussion
history, are at greater risk for experiencing long-term problems in mood and cognition.?’
Concussions create a cascade of molecular, hemodynamic, and electrophysiological alterations in
the brain and is responsible for cognitive dysfunction and creation of vulnerability for repeated
injury.1® These effects are worsened and extended in the event of repeated concussions, as well
as with multiple comorbidities or risk factors such as anxiety and depression.? A lifetime
accumulation of two or more concussions can result in increased depression?” and greater sleep
disturbances than a history of a singular concussion.?® It has been found that those with 3 or more
concussions with higher mood disturbances experience significantly worse sleep disturbances
compared to those with higher mood disturbance and only one concussion.?® Examination of

mood and sleep disturbances is a major element missing in the assessment of concussion and



recovery, especially in individuals with a history of concussion. Mismanagement of these
disturbances can worsen symptom burden, resulting in increased emotional complications as well
as a potential need for formal psychological interventions.

The primary purpose of this study was to examine the significance of relationships
between sleep quality and the prevalence of mood disturbances in healthy young adults with and
without a history of concussions. Furthermore, we aimed to explore the relationship between
sleep and mood disturbances in individuals with a history of concussion as well as individuals’
perceived sleep quality, depression, and trait anxiety levels. We hypothesized that history of
concussions may directly impact trait anxiety and depression, mediated by sleep quality. Our
secondary prediction was that individuals with greater sleep disturbances may experience greater

mood disturbances and poorer perception of sleep quality.



CHAPTER II: REVIEW OF LITERATURE

Concussions are a growing public health concern. As many as 3.8 million concussions
occur in the United States per year during competitive sports and recreational activities;
however, as many as 50% of concussions may go unreported.? The expanding incidence of
concussions and emerging possible long-term health risks continue to raise concern to the
general public. Additionally, there is an emergent need for management of sleep disturbances
(i.e. insomnia and troubles initiation and retaining sleep) and mood disturbances (i.e. anxiety and
depression) following a concussion. These disturbances can persist and linger for several years
after an injury with elevated depression levels reported as long as 6 years post-injury®’. As a
consequence of prolonged depression and anxiety post-injury, risk for suicide is elevated ~10
years after a concussion, even if the individual did not present with any mood disorders prior to
injury.3! It can be suggested that mood and sleep have a relationship since nearly all mood
disorders exhibit co-occurring sleep abnormalities,®? indicating that sleep disturbances influence
mood by not only acting as a side effect, but contributing to and maintaining dysfunction.®

There is limited research on the relationship between mood and sleep disturbances,
particularly with concussions, and there is a need for an understanding as mood and sleep
disturbances can be frequent in those with a history of concussion. Understanding the
relationship between these areas can help clinicians better recognize and manage these
disturbances post-injury and prevent detrimental consequences, such as suicide.
Brain Anatomy

The amygdala, an almond-shaped gray matter structure located deep within the temporal
lobe, is essential for many of the behavioral expressions of emotion and the prefrontal cortex is

responsible for the cognitive aspects of emotional responses.® Functional interactions between



the amygdala and prefrontal cortex facilitate emotional influences on cognitive processes such as
decision-making, as well as the cognitive regulation of emotion.® The brain network, or circuit,
that regulates aspects of emotional behavior in the pathophysiology of mood disorders, such as
anxiety and major depressive disorder, is the limbic-cortical-striatal-pallidal-thalamic circuits
(LCSPT), which is formed by connections between the orbital and medial prefrontal cortex
(OMPFC), amygdala, and hippocampal subiculum.3* Depression can be dispersed across various
areas of the brain, though localized abnormalities can be identified.®® Areas in the cerebrum
involved in depression include the dorsal and medial prefrontal cortex, the dorsal and ventral
anterior cingulate cortex, the orbital frontal cortex, and the insula.®® The amygdala,
hippocampus, medial prefrontal cortex, and bed nucleus of stria terminalis (BNST) are all
involved in fear and anxiety responses, as well as stress responses.®

The brain structures involved most with sleep include the amygdala, hypothalamus, brain
stem, and the pineal gland.®” The amygdala becomes increasingly active during REM (rapid eye
movement) sleep.®” The hypothalamus, a peanut-sized structure located deep inside the
cerebrum, contains clusters of nerve cells that act as control centers affecting sleep by shutting
down the brain's arousal signals and initiating transition into sleep.%® The brain stem
communicates with the hypothalamus to control the transitions between sleep and wake.*’ Lastly,
the pineal gland, located within the cerebrum’s two hemispheres, and receives signals from the
suprachiasmatic nucleus (SCN).%’
Anxiety

Anxiety disorders, such as generalized anxiety disorder (GAD), are the most prevalent
psychiatric problems among college-aged individuals. A large national epidemiologic survey

with college-aged individuals found that 45.7% of college students had a diagnosed psychiatric



disorder with approximately 11.9% of those disorders being an anxiety disorder.*® Individuals
with generalized anxiety disorder (GAD) typically display excessive anxiety or worry more days
than not, for at least 6 months, with ordinary day-to-day things such as personal health, work,
social interactions, and everyday routine life circumstances that negatively affects their quality of
life.*%4 GAD has been associated with higher odds for being absent to work and impairment of
work performance and social functioning.*?*3 GAD makes a person’s constant anxiety and worry
difficult to control during their routine life circumstances.** These hard-to-control feelings of
anxiety include tension, feeling “on edge”, difficulty concentrating, muscle tensions, and even
physical symptoms of autonomic arousal (i.e. hyperventilation and tachycardia).** Anxiety is
one of the most common mental and emotional stress producers that is often described as a vague
fear, a sense of apprehension, and restlessness.® Various physiological responses can be
associated with anxiety, including sweating, increased heart rate, increased blood pressure,
stomach discomfort, chills, difficulty concentrating, irritability, and sleep disturbances.® There
are two factors of anxiety: state and trait anxiety. State anxiety reflects how a person feels in the
current moment about various situations that may influence anxiety levels and trait

anxiety describes how a person feels in general toward various situations that may influence
anxiety levels.**

Young adulthood is a time of major life transitions as well as a period of risk for the
development of anxiety.*® GAD is a heritable disorder with a moderate genetic risk of
approximately 30%.%® Anxiety has been shown to develop through complex risk processes
involving genetic influences, with suggestion that one’s chance increases in developing anxiety

or GAD if history of anxiety is present in their immediate family.*6-48



Depression

Depression is a mood disorder where helplessness, misery, loss of energy, excessive
guilt, diminished ability to think, changes in eating and sleeping habits, and recurrent thoughts of
harming oneself, suicide, or death may be experienced.®> American university students (n =
1,455) were surveyed on depression, and 53% reported increasing depressive symptoms since
beginning college.*® Approximately 7% of college students have reported having an incidence of
major depressive disorder within their first year of college.>® Major depression, or major
depressive disorder, is a serious disorder of immense clinical relevance.> Diagnosis of major
depressive disorder requires a distinct change of mood, characterized by sadness or irritability
and supplemented by at least several psychophysiological deviations, such as disturbances in
sleep, appetite, or sexual desire, loss of the ability to experience pleasure in work or with friends,
crying, suicidal thoughts, and slowing of speech and action.® These deviations must last at least
2 weeks and must interfere with work and family relations to meet the diagnostic criteria for
major depressive disorder.>

There are factors that may contribute to depression, such as physical activity®? and
socioeconomic status (SES)®3. In general, those who suffer with depression are less physically
active.52%*% |n a meta-analysis on SES and depression, most of the studies found that individuals
from lower SES groups had a higher chance of being depressed than higher SES groups and
found that lower SES individuals are much for likely to persist in depression once depressed.>
Our study observed SES through two questions: total combined family income for the past 12
months and on average how much money per month do they receive assistance from friends or

family.



Suicide, a significant problem among college students, has often been associated with
depression and is the third leading cause of death in young adults.®®*’ Suicide is not a specific
diagnosis but is a major risk factor associated with depression. A large survey on young adults
reported that among 8,155 students, 6.7% reported suicidal ideation, 1.6% reported having a
suicide plan, and 0.5% reported making a suicide attempt in the past year.>®
Mood, Anxiety, Depression and Concussion
Mood, Anxiety, and Depression with History of Concussion

Neuroimaging studies have suggested that concussions are correlated with changes in
amygdala structures.>®%° A previous study that observed the relationship between amygdala
shape and mood state in collegiate football players found that amygdala shape was positively
correlated with depression and total mood disturbance, suggesting that the amygdala structure is
associated with negative mood and concussions.®* Additionally, there is evidence of alterations
in limbic-frontal circuitry after concussion that mimics alterations that are found in major
depression.®? More neurochemical alterations that have been found to be consistent between
mood disorders and concussion is the occurrence of serotonin disturbance and decreased
dopamine in the prefrontal cortex and brainstem.#

Individuals who have experienced a concussion can have acute behavioral and affective
symptoms such as mood and personality changes, agitation, and feeling "more emotional™. These
symptoms can affect individuals with their day-to-day quality of life, most notably the social
aspect of life.®® College students have reported moderate to severe changes in their
extracurricular activities and relationships with their peers following concussion, with isolation

and cautiousness as the most common complaints.®® A significant proportion of concussed



individuals were identified as experiencing moderate to severe changes such as, negative mood,
increased irritability, loss of attention, and poorer memory, as well as social isolation.®

Recent consensus guidelines on concussion have grouped symptoms into six clinical
profiles with the aim to better understand the heterogeneity of concussion: anxiety/mood, post-
traumatic migraine, oculomotor, vestibular, cervical, and cognitive fatigue.** Evidence supports
that those with chronic post-concussion symptoms (i.e. 3 months post-injury) are often
associated with the anxiety/mood clinical profile, where their mental health becomes the primary
concern after injury.** This particular profile is distinguished by emotional disturbances, such as
anxiety, depression, hypervigilance of somatic complaints, and sleep dysregulation.** Pre-injury
risk factors such as mental health history, immediate family mental health history*, and
biological sex can predispose the presence of the anxiety/mood clinical profile and overall
prolonged emotional sequelae following a concussion.'* Another rationale for the presence of
anxiety/mood profile and general emotional disturbances following a concussion is the overlap
between concussion symptoms and those symptoms associated with mood and anxiety mental
health conditions.* For example, post-concussion syndrome and major depressive disorder have
been found to have similar symptomology and the feeling of dizziness and imbalance associated
with a concussion is qualitatively comparable to feelings of dizziness, lightheadedness, and
unsteadiness included in the symptomology for panic/anxiety attacks.* This commonality
between symptoms may explain why individuals are reporting more emotional complications
after concussion.'* In regards with state versus trait anxiety, individuals with extensive
concussion history tend to experience more state anxiety than trait.5*

A long-term follow-up study assessed patients 30 years after their traumatic brain injury,

including concussions, to determine the occurrence of psychiatric disorders over time.® The

10



most common mental health disorder found was major depression, where 26.7% experienced it
after injury, at the lifetime rate.®® Major depression was observed not only at the early stage
following the injury, but throughout the 30-year follow-up.®® The indication that concussions
lead to depression may be due to the morphological changes of the brain’s mood centers
involving the hippocampus, amygdala, and prefrontal brain regions, that have been found in
individuals with clinical depression.'® Although it is not unusual for athletes to exhibit emotional
changes after a concussion, several factors may contribute to worsened and prolonged anxiety
and mood disturbance symptoms.® Neurochemical changes, such as serotonin disturbance and
decreased dopamine in the prefrontal cortex and brainstem, are consistent between mood
disorders and concussion.}* Additionally, organic brain changes may explain why mood and
anxiety symptoms are observed post-injury.*
Mood, Anxiety, and Depression with History of Multiple Concussions

Exposure to multiple concussions has been associated with long-term problems in
mood.?” A lifetime accumulation of two or more concussions as compared to a history of no
reported concussions can result in worsening symptoms of changes to cognitive function and
increased executive dysfunction and depression.?” When an individual has a history of multiple
concussions, evidence shows risk factors and symptoms can increase significantly. A survey
study completed by 2,552 retired professional football players found that the individuals with at
least 2 concussions had 1.5 times the risk for lifetime depression, while those with 3 or more had
3 times greater risk.%’

Those who have suffered multiple concussions have a risk for post-concussion
syndrome/symptoms.! Post-concussion syndrome may continue for weeks to months after the

incident occurs, with commonly reported symptoms including headaches, insomnia, fatigue,
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noise or light sensitivity, cognitive problems such as memory loss, poor concentration, and
problem-solving, and finally, psychological symptoms such as depressed mood, irritability, and
anxiety.! Individuals with a history of 3 or more concussions have significantly greater post-
concussive symptom scores compared with those with a history of zero, one, or two
concussions.®® Additionally, individuals with a history of multiple concussions may report more
post-concussion symptoms in the first 3 months following their subsequent injury and report
greater difficulties with depression, traumatic stress, anger, and cognitive functioning.5®

Several studies have reported that NFL and college football athletes with a history of
concussions are more likely to experience moderate to severe clinical depression.®”®° A survey
study completed by 797 former Division | collegiate athletes, found an association between
previous concussions and greater risk of severe depression and higher levels of impulsivity and
aggression.5®
Sleep Quality

Sleep is defined as, “a recurring, reversible neuro-behavioral state of relative perceptual
disengagement from and unresponsiveness to the environment.” Sleep is typically accompanied
(in humans) by postural recumbence, behavioral quiescence, and closed eyes.”® The importance
of sleep is becoming progressively recognized in maintaining health and wellbeing. There are
many functions of sleep, including promoting growth, learning, cognitive development,’* and
even has a role in immunity.”

Sleep is critical for normal daily function. When deficiencies are present in both sleep
quality and quantity, due to sleep-wake disturbances, it can cause impairments in one’s
cognitive, psychological, and physical function.” Sleep loss and sleep disorders are among the

most common, yet frequently overlooked health problems. It is estimated that 50 to 70 million

12



Americans suffer chronically from a sleep disorder and restlessness, hindering quality of life,
daily functioning, and negatively affecting health.'® The most reported sleep problem, insomnia,
is a highly prevalent disorder and despite its adverse effect on health and quality of life, it often
goes unrecognized and untreated.® Insomnia is defined “by having difficulty falling asleep,
maintaining sleep, or by short sleep duration, despite adequate opportunity for a full night’s
sleep”.'® Additional insomnia symptoms can involve daytime consequences, specifically
tiredness, lack of energy, difficulty concentrating, or irritability.'® Young adults with insomnia
symptoms can demonstrate significantly higher rates of psychiatric symptoms compared to those
without insomnia.” College students with sleep disturbance and depressive symptoms may
demonstrate significantly more intense and frequent anxiety and poor cognitive and physical
functioning.”

Sleep has been referred to as a “pillar of mental health”, signifying how every major
psychiatric disorder is associated with a high prevalence of sleep disturbances.” Mood is
casually impacted by sleep disturbances, meaning that an individual’s sleep alterations are not
simply a side effect of the disorder but rather actively contribute to and maintain dysfunction.®
Adverse effects on mood and behavior have been connected with sleep loss.*® Adults with
chronic sleep loss report increased mental distress, depressive symptoms, and anxiety.*’®
Sleep and Concussion
Sleep with History of Concussion

Previous evidence supports that it is common to experience sleep alterations and poorer
self-reported sleep quality both immediately and several years following concussion.®
Specifically, those who have a history of a concussion report poorer sleep quality and daytime

sleepiness relative to healthy controls.®*> Although various conditions or special circumstances
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can cause sleep disturbances, sleep-wake disturbances have been commonly reported following
concussions.”’ It is estimated that 30%-80% of diagnosed concussed individuals will experience
sleep-wake disturbances such as insomnia, increased time falling asleep, difficulty remaining
asleep, and increased fatigue or feelings of tiredness throughout the day.?®"378.7° Sleep
disturbances can be indications of disruption during sleep or indicators of the presence of clinical
sleep disorders.?® It is essential that concussed individuals obtain adequate sleep during the
recovery process to decrease symptom burden and restore the electrochemical balance or the
recovery phase may be prolonged.?%8

When concussed individuals experience sleep-wake disturbances along with their other
emotional, somatic, and cognitive-type symptoms, the discrepancies in their sleep quality and
quantity could significantly aggravate their symptoms and prolong or delay their
recovery.” When sleep quality is affected due to concussion, it may alter one’s quality of life.?®
Changes in sleep quality and quantity after a concussion have been related to decreased quality
of life including diminished engagement in physical activity or sport, academic performance, and
social or leisure activities.?

Sleep patterns with concussions can be correlated with mood disturbances such as anxiety
and depression.®! A study that observed sleep patterns following concussion found that patients
with a concussion had significantly shorter sleep duration and sleep quality, but interestingly,
they also found that sleep disturbances following concussion can be associated with anxiety and
depression.®! It is suggested that some features of anxiety, such as increased arousal at night, can
lead to sleep disruption and then resulting in changes in sleep duration and subjective sleep

quality.8

14



Sleep with History of Multiple Concussions

The indication that repeated concussions may have adverse effects on sleep quality has
been gradually escalating.?> Some of the literature suggests that sleep disturbance after repeated
concussions may have more harmful effects than a history of a single concussion.® A study,
where it’s purpose was to determine if concussion history was related to ongoing sleep
disturbances, found that the greater number of concussions, the greater sleep disturbances they
experienced, with the most commonly reported sleep disturbances being fatigue, restlessness,
sleeping too little, and difficulty falling and staying asleep.?® History of repeated concussions
may be associated with more drowsiness at higher severity and subsequently, a worsening of
post-concussive symptoms.®
Assessment of Sleep Quality, Anxiety, and Depression
Depression and Anxiety Assessments

The Beck Depression Inventory Version Il (BDI-II) is a 21-item self-reporting
questionnaire designed to evaluate the level of depressive symptoms present over the two weeks'
period in normal and psychiatric populations.®? The BDI-II utilizes a 4-point scale from 0 (no
symptoms) to 3 (more severe symptoms) that assess affective, cognitive, somatic and vegetative
symptoms, reflecting criteria for major depression.®? Scoring is achieved by calculating the sum
of the 21 items, where the minimum score is 0 and maximum score is 63, with higher scores
signifying greater symptom severity.®2 This assessment uses a cut off score of 20 to indicate
depression.®? The BDI-II has shown to have high internal consistency reliability with a
Cronbach’s o of 0.92 for an outpatient population and .93 for college student population.

The State-Trait Anxiety Inventory (STAI) is a self-reported anxiety assessment that

consists of 40 statements, with 20 measuring state anxiety (i.e. the current state of anxiety, how
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respondents feel “right now,” feelings of apprehension, tension, nervousness, and worry) and the
other 20 measuring trait anxiety (i.e. relatively stable aspects of “anxiety proneness,” general
states of calmness, confidence, and security).®* This assessment measures the prevalence and
severity of current anxiety symptoms and a generalized susceptibility of anxiousness.®* For state
anxiety, responses range from 1 to 4 with 1 indicating “not at all” to 4 indicating “very much
s0”.84 For trait anxiety, responses range from 1 to 4 with 1 indicating “almost never” to 4
indicating “almost always”.8* The STAI does not utilize a specific cut-off score, instead
respondents are identified as “more anxious than the norm” or “less anxious than the norm”. It
has been shown that the STAI’s internal consistency alpha coefficients are quite high ranging
from 0.86 t0 0.95.%°
Sleep Assessments

Various sleep quality assessments have been used along with concussions, including
Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), Insomnia Severity
Index (ISI), Actigraphy, Polysomnography (PSG), and sleep diaries.?®%” The two sleep
assessment questionnaires that have shown consistent reliability and validity are the PSQI and
IS1.86 The PSQI is an 19-item, self-reported questionnaire that assesses a variety of sleep-related
behaviors.® It provides an overall global score and seven component scores that assess eight
domains: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep
disturbances, use of sleep medication, and daytime dysfunction.®® The global score ranges from 0
to 21, with a higher score indicating poorer sleep quality.2® The PSQI has been shown
consistently to be a valid and reliable (a = 0.83) measure of sleep-related disturbances.®® The
PSQI has a sensitivity of 89.6% and specificity of 86.5% for identifying cases with sleep

disorder, utilizing a cut-off score of 5.8 A study that tested the validity of the PSQI found that
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the questionnaire’s global score demonstrated excellent internal consistency (Cronbach’s alpha
.72) and found that the global score showed moderate and significant correlations with mood (r =
-0.35; p < 0.001) and fatigue (r = 0.42; p< 0.001).59

The ISI is another self-reported sleep questionnaire with 7 items that aim to evaluate
sleep difficulties associated with insomnia.® The ISI assesses the severity of an individual’s
onset of sleep and difficulties of sleep maintenance, satisfaction with their current sleep pattern,
interference with daily functioning, noticeability of impairment due to their sleep problem, and
distress that is affected by the sleep problem.*° It takes less than five minutes to complete the
seven items on the ISI.°° Items on the questionnaire are rated on a 0-4 Likert scale and total score
ranges from 0 to 28, with a higher score representing greater insomnia severity.%® A cut-off score
of <15 is used to determine patients who do not meet the diagnostic requirements for insomnia.*
The IS demonstrates significant reliability and validity and is an adequate method to quantify
perceived insomnia severity.®® Internal consistency of the ISl = 0.074 and all correlation
coefficients were significant at the p < 0.001 level.®
Summary

A growing body of evidence shows that a history of concussions can lead to the risk of
prolonged depression and anxiety symptoms,836>°1.92 hyt more research is needed to further
examine the directional impact of these factors. Despite the evidence associating concussion
history and emotional disturbances, the direct relationship between disturbances remains largely
unexplored and poorly understood. There is an emergent need for a better understanding of
mood-related behaviors pertaining to concussions and there are limited guidelines for treating
emotional influences post-concussion. Due to the potential overlapping relationship of mood-

related symptoms and sleep quality, assessment of sleep and mood disturbances in patients
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following a concussion is paramount. Identifying the prevalence of mood disorder symptoms,
such as depression and anxiety, and sleep quality in those with a history of concussion,
especially multiple concussions, could prevent prolonged mental health symptoms that can lead
to detrimental consequences, such as suicide. The purpose of this study was to determine the
relationship of sleep quality and the prevalence of anxiety and depression in healthy young adults

with and without a history of concussion.
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CHAPTER Ill: METHODOLOGY

Study Design

This study was an anonymous observational cross-sectional survey that assessed the
directional impact of sleep quality and mood disturbances on individuals with and without a
history of concussion, with participants completing sleep and mood disturbance questionnaires at
one time-point.
Participants

A total of 436 young adults between the ages of 18 to 35 years were observed from 3
universities: 1 large-sized Midwest, 1 medium-sized Midwest, and 1 medium-sized Mid-Atlantic
institution. Participants were included if they self-reported a past medical history of concussion
or if they had no history of a concussion (i.e., never been diagnosed with a concussion by a
healthcare professional or did not believe they had suffered a head injury) and if they could read
and understand English. Exclusion criteria were determined via self-reported demographic forms
and included individuals who suffered a concussion or traumatic brain injury within the past 6
months, history of cancerous brain tumors, diagnosed with post-traumatic stress disorder,
schizophrenia, or bipolar disorder. Based on exclusion criteria, 47 participants were removed
from the analysis. Out of 389 participants, 143 did not finish the survey in its entirety (including
demographics), with a final sample of 246 young adults (Table 1) and a survey completion rate
of 63.2%. This study was approved by the University’s Institutional Review Board and informed
consent was obtained from each participant prior to proceeding with surveys.

Table 1. Demographics for College-Aged Young Adults (n = 246)

Demographic Information n(%) M+SD
Age (years) 21.6+3.4
Height (cm) 168.17+10.60

(Table Continues)
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Weight (kg) 72.47+17.46
BMI (kg/m?) 25.65+5.81
Gender
Female 183(74.4)
Male 54(22.0)
Nonbinary 7(2.8)
Other (AFAB Genderfluid) 1(0.4)
Prefer not to answer 1(0.4)
Race (physical traits)
Asian 4(1.6)
Black/African 8(3.3)
White Caucasian 201(81.7)
Hispanic/Latinx 8(3.3)
Other 19(8.1)
Ethnicity (cultural identification)
Asian 5(2.0)
Black/African 8(3.3)
White Caucasian 211(85.8)
Hispanic/Latinx 15(6.1)
Prefer not to answer 2(.8)
Other 5(2.0)
Physical Activity Level
High 45(18.3)
Moderate 88(35.8)
Low 111(45.1)
Highest Degree or Education Completed
Bachelor's degree 52(21.1)
High school graduate or GED completion 29(11.8)
Master's degree 13(5.3)
PhD or higher 3(1.2)
Some college 143(58.1)
Some high school 1(.4)
Trade school 2(.8)
University or College
Large-sized Midwest Institution 228(92.7)
Medium-sized Mid-Atlantic Institution 7(2.8)
Medium-sized Midwest Institution 5(2.0)
Institution Type
Two-year 6(2.4)
Four-year 235(95.5)
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Father’s Highest Degree or Education Completed

Bachelor's degree 68(27.6)
High school graduate or GED completion 47(19.1)
Master's degree 36(14.6)
PhD or higher 11(4.5)
Some college 47(19.1)
Some high school 13(5.3)
Trade school 13(5.3)
Unknown 8(3.3)

Mother’s Highest Degree or Education

Completed 96(39.0)
Bachelor's degree 33(13.4)
High school graduate or GED completion 52(21.1)
Master's degree 1(0.4)
PhD or higher 58(23.6)
Some college 1(0.4)
Some high school 4(1.6)
Trade school 1(0.4)
Unknown

Total Combined Family Income
150,000, or more 26(10.6)
100,000 through 149,000 57(23.2)
75,000 through 99,999 42(17.1)
50,000 through 74,999 30(12.2)
35,000 through 49,999 28(11.4)
25,000 through 34,999 14(5.7)
15,000 through 24,999 13(5.3)
5,000 through 14,999 21(8.5)
Less than 5,000 8(3.3)

Monthly Financial Assistance
$500 or more 21(8.5)
$400.00 through $499.99 6(2.4)
$300.00 through $399.99 4(1.6)
$200.00 through $299.99 6(2.4)
$100.00 through $199.99 27(11.0)
$50.00 through $99.99 35(14.2)
$25.00 through $49.99 33(13.4)
Less than $25.00 27(11.0)
None 85(34.6)

Note: N=246. BMI=body mass index, AFAB=assigned female at birth. Missing data from race
(n=5), highest degree or education completed (n=3), father’s highest degree or education
completed (n=3), total combined family income (n=7), monthly financial assistance (n=2), and
physical activity level (n=2).
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Instrumentation

Self-reported questionnaires used in this study included the Pittsburgh Sleep Quality
Index (PSQI), Insomnia Severity Index (ISI), State Trait Anxiety Inventory (STAI), and the Beck
Depression Inventory, Version 2 (BDI-11). These questionnaires were distributed using a
Qualtrics web-based survey platform (Qualtrics, Provo, UT, USA) across multiple institutions.
Pittsburgh Sleep Quality Index (PSQI)

The PSQI is al19-item, self-reported questionnaire that assesses a variety of sleep-related
behaviors from the past month and takes 5-10 minutes to complete.?® It provides an overall
global score and component sub scores within seven domains: subjective sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime
dysfunction.®® The PSQI’s global score ranges from 0 to 21, with a higher score indicating
poorer sleep quality, and utilizes a more sensitive cut-off score of >8 to identify those with
insomnia in this population.’®#88 The PSQI has been shown to be a valid and reliable (o = 0.83)
measure of sleep-related disturbances with a sensitivity of 89.6% and specificity of 86.5% for
identifying cases with sleep disorders.%6:8
Insomnia Severity Index (ISI)

The IS1 is a self-reported sleep questionnaire with 7 items that aim to evaluate sleep
difficulties associated with insomnia and takes less than 5 minutes to complete.8%% The ISI
assesses the severity of sleep-onset and sleep maintenance complications, satisfaction with
current sleep patterns, how sleep interferes with daily functioning, noticeability of impairment
from sleep problems, and degree of distress caused by the sleep problem.®® Items on the
questionnaire are rated on a 0-4 scale and the total score ranges from 0 to 28, with a higher score

representing greater insomnia severity.®® A cut-off score of <15 is used to determine patients
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who do not meet the diagnostic requirements for insomnia.®® The ISI has been shown to have an
acceptable reliability and validity and is an adequate method to quantify perceived insomnia
severity, with an internal consistency (o = 0.74).%

State-Trait Anxiety Inventory (STAI)

The STAI is a self-reported anxiety assessment that consists of 40 statements, with 20
measuring state anxiety (i.c. the current state of anxiety, how respondents feel “right now,”
feelings of apprehension, tension, nervousness, and worry) and the other 20 measuring trait
anxiety (i.e. relatively stable aspects of “anxiety proneness,” general states of calmness,
confidence, and security).3 The STAI measures the prevalence and severity of current anxiety
symptoms and a generalized susceptibility of anxiousness.®* For trait anxiety, responses range
from 1 to 4 with 1 indicating “almost never” to 4 indicating “almost always”.8* Both state and
trait anxiety scales have scores that range from 20 to 80, with higher scores indicating a greater
level of anxiety. We aimed to focus primarily on trait anxiety for this study since trait anxiety
describes how a person feels in general, rather than just in the moment, toward various situations
that may influence their anxiety.** To observe the long-term effects of concussion history,
observation of trait anxiety is more plausible to observe than state anxiety. To classify anxiety
with the STAI, respondents are identified as “more anxious than the norm” or “less anxious than
the norm”. It has been shown that the STAI’s internal consistency alpha coefficients are quite
high ranging from 0.86 to 0.95.%

Beck Depression Inventory, Version 2 (BDI-II)

The BDI-I1 is a 21-item self-reporting questionnaire designed to evaluate the level of

depressive symptoms present over the two weeks' period in normal and psychiatric populations.®?

The BDI-II utilizes a 4-point scale from 0 (no symptoms) to 3 (more severe symptoms) that
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assess affective, cognitive, somatic and vegetative symptoms, reflecting criteria for major
depression.®? Scoring is achieved by calculating the sum of the 21 items, where the minimum
score is 0 and maximum score is 63, with higher scores signifying greater symptom severity.®2
This assessment uses a cut-off score of 20 to indicate depression.®? The BDI-II has shown to
have high internal consistency reliability with a Cronbach’s a of 0.92 for an outpatient
population and 0.93 for a college student population.®®
Demographics Form

Participants were asked to self-report demographic information to ascertain age, gender,
race, ethnicity (i.e. describes their feeling of belonging and attachment to a distinct group of a
larger population that shares their ancestry, language, or religion), level of education, institution
setting, socioeconomic status (i.e. parental education level, combined family income, and
personal monthly financial assistance), physical activity level, current medications (i.e.
antipsychotics), concussion history, medical history (i.e. diagnosed with depression or anxiety
disorder), and immediate family mental health history. Physical activity was determined using
the International Physical Activity Questionnaire- Short Form (IPAQ-SF).% Concussion history
questions examined number of diagnosed and undiagnosed concussions, when they occurred,
and the mechanism of injury (i.e. motor vehicle accident, sport-related concussion, etc.).
Procedures

Participants were recruited through convenience sampling at the two local universities
and word-of-mouth by remote investigators at the Mid-Atlantic institution. All institutions
provided participants with instructions on the purpose of the study and details on the survey.
Surveys were distributed via an anonymous Qualtrics link and took approximately 15-20 minutes

to complete. At the start of the survey, participants were asked if they suffered a concussion or
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traumatic brain injury within the past 6 months, had a history of cancerous brain tumors, had
been diagnosed with post-traumatic stress disorder, schizophrenia, or bipolar disorder. If they
said yes to any of the exclusion criteria, the survey ended. Participants who met the criteria
proceeded with four questionnaires: PSQI, ISI, STAI, BDI-II, and a demographics form.
Informed consent was delivered at the beginning of the survey and within the consent the
participants were made aware that, if needed, they could withdraw from the survey at any point.
Medical history exclusion criteria were verified first, then the PSQI was performed

followed by the ISI, STAI, BDI-II, and finished with final demographic questions. This order
was carefully decided with imperative medical history gathered initially, then questionnaires
were placed in this order by projected completion duration and finishing with additional
demographic information that involved less cognitive effort to control for survey fatigue. Survey
fatigue, also known as respondent fatigue, is a common issue in survey research and factors that
are known to influence this are length of survey, question complexity, and too many open-ended
questions.®® Knowing this, in our survey we made sure to not include too many open-ended
questions and for the questions to be clear and concise.
Statistical Analysis

Structural equation models were performed in Mplus 8.0 (Muthen & Muthen, User’s
Guide, Eighth Edition. Los Angeles, CA). Before conducting the mediation analysis, data were
inspected for normality. Concussion history and gender were not normally distributed, therefore
were transformed using a log base ten transformation. Path analyses were conducted to test the
hypothesis of concussion history directly impacting anxiety and depression and determined if
sleep quality mediated this relationship. Two separate mediation models for trait anxiety and

depression were performed. We observed for an amount of variance (R?) and standard error (SE)
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with concussion history on trait anxiety and depression. Full information robust maximum
likelihood estimation is robust to data loss and can handle up to 25% missing data. Critical z
scores (parameter estimate/standard error) were used to test the significance of relations (fully
standardized B coefficients) between variables (p < .05). Based on previous research, we
controlled for gender, BMI, socioeconomic status, family history of an anxiety disorder, and
physical activity. Bivariate correlations were utilized for all model variables (Concussion history,
gender, physical activity, age, BMI, STAI Y2 levels, and BDI-II levels) and were computed using IBM

SPSS 25.0.
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CHAPTER IV: RESULTS

Approximately 74% of participants were females, 22.0% males, 2.8% non-binary, and
1% assigned female at birth (AFAB) genderfluid. With respect to concussion history, 64.6% of
participants self-reported having no history of concussion, 26% had 1-2 concussions, and 9.2%
had 3+ concussions. Out of those participants with diagnosed mood disorders, approximately
34% of participants stated that they have been diagnosed with a depression disorder and 38.2%
stated they have been diagnosed with an anxiety disorder. Thirty-seven percent of participants
reported having at least one immediate relative with a diagnosed depression disorder and 43.5%
have at least one immediate relative with a diagnosed anxiety disorder.
Models 1 and 2: Trait Anxiety and Depression Bivariate Correlations between Factors

The Bivariate correlation coefficients of the study variables for models 1 and 2 are
presented in Table 2. The correlations indicated a significant relationship between number of
concussions and PSQI (r=0.22, p<0.01). Poor sleep quality scores were significantly correlated
with trait anxiety (r=0.60, p<0.01) and depression (r=0.59, p<0.01), where individuals who
experienced poorer sleep quality had higher trait anxiety and worsened depression, respectively.
Trait anxiety was also significantly correlated with age (r=-0.20, p<0.01) and BMI (r=0.13,
p=0.04), where individuals who were younger and had greater BMI scores, expressed higher trait
anxiety. Depression levels were significantly correlated with age (r=-0.17, p<0.01), BMI (r=0.18,
p=<0.01), and number of concussions (r=0.15, p=0.02), where individuals who were younger,

had greater BMI scores, and greater number of concussions, experienced worsened depression.
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Table 2. Bivariate Correlations Among Factors with Trait Anxiety and Depression

Concussion Sleep STAI
Variable History Gender PA Quality  Age BMI (trait)  BDI-II
Concussion
History
Gender 0.11
PA -0.08 -0.06
Sleep Quality 0.22™ -0.07 -0.07
Age 0.02 -0.02 0.14° -0.08
BMI 0.08 0.02 -0.004 0.07 0.14"
STAI (trait) 0.10 -0.12 -0.01 0.60™ -0.20" 0.13"
BDI-II 0.15" -0.03 0.03 0.59™ -0.17" 0.18" 0.85"

Note. PA=physical activity, BMI=body mass index, STAI (trait)=trait anxiety, and BDI-l11=Beck
Depression Index, Version 2. *p<0.05, **p<0.01 (2-tailed).

Model 1: Trait Anxiety Mediation Model

The hypothesized structural model (Figure 1) illustrates relationships between concussion
history, sleep, and trait anxiety. The model accounted for a significant (p<0.05) amount of
variance (R?, SE) for concussion history (R?=7.9%, SE=3.4%) and PSQI scores (R?>=37.3%,
SE=5.0%) on trait anxiety. Mediation analysis indicated no direct effects of concussion history
on trait anxiety (f=-0.001, p=0.480). The number of concussions had a significant effect on
PSQI (B=0.019, SE=0.005, p<0.001). The PSQI scores had a significant effect on trait anxiety
(B=0.168, SE=0.015 p<0.001). BMI, gender, physical activity, and age covariates were non-

significant (p>0.05).
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Poor Sleep:
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[=-0.001, SE=0.002

------- Dash line indicate nonsignificant standardized values
—— Solid line indicate significant standardized values
== Boxzes indicate variables that were controlled for in the model

Figure 1. Trait Anxiety Mediation Model Structural model of hypothesized associations among

number of concussions, trait anxiety, and sleep quality.

Model 2: Depression Mediation Model

The hypothesized structural model (Figure 2) illustrates relationships between concussion

history, sleep, and depression. The model accounted for a significant (p<0.05) amount of

variance (R?, SE) for concussion history (R?=7.7%, SE=3.3%) and PSQI scores (R?>=36.6%,

SE=5.0%) on depression. Mediation analysis indicated no direct effects of concussion history on

depression (f=0.001, p=0.695). The number of concussions had a significant effect on PSQI

(B=0.015, SE=0.005, p<0.001). The PSQI scores had a significant effect on depression (f=0.186,

SE=0.016 p<0.001). BMI, gender, physical activity, and age covariates were non-significant

(p>0.05).
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Figure 2. Depression Mediation Model Structural model of hypothesized associations among
number of concussions, depression, and sleep quality.
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CHAPTER V: DISCUSSION

This study was the first, to our knowledge, to examine the directional relationship of trait
anxiety and depression with concussion history and how that relationship was affected by sleep
quality. Our findings suggest that concussion history may not influence trait anxiety and
depression directly, but it may influence trait anxiety and depression through an indirect pathway
of sleep quality. In our models, sleep quality explained 37.3% of variance within trait anxiety
and 36.6% of variance with depression. Without consideration of sleep quality, only 7.9% and
7.8% of the variance in trait anxiety and depression, respectively, was explained. Therefore, to
fully understand the variance in this model, it is important for clinicians to consider sleep quality.
Sleep has been referred to as the “pillar of mental health”’®, which makes it clear why sleep
would directly affect anxiety and depression, aiding in the indirect relationship of concussion
history and anxiety and depression. It can be suggested that mood and sleep have a relationship
since nearly all mood disorders exhibit co-occurring sleep irregularities,® indicating that sleep
disturbances influence anxiety and depression by not only acting as a side effect, but contributing
to and maintaining dysfunction.® Previous evidence has suggested that adults with chronic sleep
loss commonly report increased mental distress, anxiety, and depressive symptoms,’® therefore,
consideration of sleep quality may aid clinicians in understanding the influences on anxiety and
depression.

Our bivariate correlations suggest that trait anxiety was associated with age and BMI,
where younger individuals who had greater BMI scores, expressed higher trait anxiety.
Additionally, depression levels were correlated with age, BMI, and concussion history, where
younger individuals who had greater BMI scores and greater number of concussions,

experienced worsened depression. Our findings are consistent with Bjerkeset et al®®., where
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higher BMI was associated with increased risk of depression, but in contrast, they had no strong
evidence of an association between BMI and anxiety.% This contrast could be explained through
differences in validated subjective questionnaires. Our study used the STAI and BDI-II to
determine trait anxiety and depression levels, respectively, whereas this particular study used the
Hospital Anxiety and Depression Rating Scale (HADS), a shorter questionnaire consisting of 7
questions for anxiety and 7 for depression, and did not target trait anxiety directly.®®°" In order to
understand trait anxiety and depression, it is important to consider the influence of external
factors, such as age and BMI, that may contribute to the severity of mood disorders.
Sleep, Concussion History, Trait Anxiety, and Depression

The significant indirect pathways between concussion history and trait anxiety and
depression with mediation of sleep quality appears to be a novel finding in young adults, which
cannot be directly compared to prior research. However, our models suggest that as historical
number of concussions increased, sleep quality worsened, which is consistent with previous
literature.?”%® Individuals with a greater concussion history are at greater risk for experiencing
long-term problems in depression, but also changes in sleep patterns as well as tiredness or
fatigue.?” Poor sleep quality is among the most common grievances after concussion.*® The
present findings do have a few similarities with Duffield et al®®, where high incidence of poor
sleep quality may have been related to depressive symptoms, and the number of concussions
within their history.®® Even though Duffield et al.%, did not examine these areas collectively, it is
important to note the directional relationship of sleep quality and depression, as well as sleep
quality and concussion history is consistent with our study. Comparatively, another study found
that post-concussion sleep disturbances may predict decrements in mental health, such as

symptoms of depression, anxiety, and apathy 1 year post-injury.?® While our study examined
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healthy individuals with and without a history of concussion, our findings may serve as a
foundational approach for clinicians to consider examining sleep quality and mental health
together in individuals with a history of concussion.

Concussion History, Trait Anxiety, and Depression

Anxiety has been previously examined with concussion,**#41% put minimal research has
targeted trait anxiety with concussion history and should not be overlooked. Evidence has
shown that trait anxiety is highly correlated with generalized anxiety*®! and there has been a
study that observed state anxiety with concussion history®, but there is an emergency need for a
better understanding of trait anxiety with concussions.

Although we did not find a direct relationship with depression and concussion history, a
different study found that a history of two or more concussions as compared to a history of no
concussions can result in worsening symptoms of depression.?” Vynorius et al.?” used the BDI-II
as well to examine depression in young adults, but in contrast, had a smaller sample size (n=84)
which may have affected the results.?” Additionally, a larger nation-wide study (n=8000) found
that participants with a greater number of previous concussions reported greater psychological
distress, including depression.®* Our study had a smaller sample size in comparison, but the
studies differed in the use of validated subjective questionnaires and how we group participants
based on number of concussions. Weber et al.% used the BSI-18 to assess a portion of anxiety
and depression, however, the authors stated that the questionnaire was not designed for this
population,® differing from our study where the STAI has been well validated within young
adults and previous concussion research*+'% as well as the BDI.%292102

Our models may guide clinicians to recognize and understand mood and sleep

disturbances in conjunction with those with a history of concussion, as they may explain the
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collective effects on an individual’s quality of life, compared to considering the mood and sleep
disturbances separately. A growing body of literature has identified the prevalence of prolonged
sleep disturbances with a history of concussion,?”":"%% put it is important that researchers
continue to explore what this might mean with mood disturbances. Our novel findings may help
clinicians target sleep disturbances when assessing for those who are at risk of worsened mood
disturbances based on their concussion history and not just focus on these elements separately.
Furthermore, anxiety, depression, and sleep disturbances are major elements that may be able to
shed light on how individuals may respond following concussion, therefore could be included as
part of pre-participation screening, but also in the initial assessment of concussion and
management of concussion. By considering sleep disturbances with concussion history,
clinicians could be able to identify mood disturbances prior to injury, as well as following a
concussive event, that may result in prolonged disturbances and may further negatively affect
their quality of life,27636591.92
Limitations

This study is not without its limitations. It should be acknowledged that this survey was
conducted during a global pandemic. Recent evidence has shown that Covid-19 has had a
negative effect on mental health, as 71.26% have indicated their stress/anxiety levels have
increased during the pandemic.'® While we aimed to expand on diversity and inclusion within
our sample population, we could have benefitted from more participants with a history of
concussions, as well as having more male and non-binary participants from multiple institutions
to improve the study’s generalizability. This study was conducted through an online survey and
although we utilized means to prevent survey fatigue, our survey lasted up to 30 minutes for

some individuals and included potential emotionally triggering questions that could negatively
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affect the survey response rate. As with any survey, there was a potential risk of bias due to the
subjective nature of the instruments used.
Conclusion
Concussion history may influence trait anxiety and depression through an indirect path
involving sleep quality in healthy young adults. This relationship may require a
concomitant consideration of the influence of sleep quality and concussion history
associated with trait anxiety and depression. Our preliminary findings demonstrate the
importance of examining trait anxiety, depression, and sleep disturbances within individuals
with a history of concussion and these components collectively may be important to include
as part of baseline screening and in the evaluation and management of concussion.
Understanding this relationship may guide clinicians to better recognize and manage
prolonged sleep and mood disturbances that may continue well past recovery and
acknowledgement of these disturbances may prevent the long-term consequences that may

negatively affect an individual’s quality of life.
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APPENDIX A: PITTSBURGH SLEEP QUALITY INDEX (PSQI)

INSTRUCTIONS:

The following questions relate to your sleep habits during the past month only. Your answers
should indicate the most accurate reply for the majority of days and nights.

Please answer all questions.

1. During the past month, what time have you usually gone to bed at night?

BED TIME

2. During the past month, how long (in minutes) has it usually taken you to fall asleep each
night?

NUMBER OF MINUTES

3. During the past month, what time have you usually gotten up in the morning?

GETTING UP TIME

4.  During the past month, how many hours of actual sleep did you get at night? (This may be
different than the number of hours you spent in bed.)

HOURS OF SLEEP PER NIGHT

For each of the remaining questions, check the one best response. Please answer all questions.
5. During the past month, how often have you had trouble sleeping because you:
a) Cannot get to sleep within 30 minutes
Not during Less than Once or twice Three or more
past month once a week a week times a week
b) Wake up in the middle of the night or early morning
Not during Less than Once or twice Three or more
past month once a week a week times a week

c) Have to get up to use the bathroom

Not during Less than Once or twice Three or more
past month once a week a week times a week

d) Cannot breathe comfortably

Not during Less than Once or twice Three or more
past month once a week a week times a week
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e) Cough or snore loudly

Not during Less than Once or twice Three or more
past month once a week a week times a week
f)  Feel too cold

Not during Less than Once or twice Three or more
past month once a week a week times a week
g) Feel too hot

Not during Less than Once or twice Three or more
past month once a week a week times a week
h) Had bad dreams

Not during Less than Once or twice Three or more
past month once a week a week times a week
i)  Have pain

Not during Less than Once or twice Three or more
past month once a week a week times a week

6. During the past month, how would you rate your sleep quality overall?

Very good
Fairly good
Fairly bad
Very bad

7. During the past month, how often have you taken medicine to help you sleep (prescribed or
"over the counter")?

Not during Less than Once or twice Three or more

past month once a week a week times a week

8. During the past month, how often have you had trouble staying awake while driving, eating
meals, or engaging in social activity?

Not during Less than Once or twice Three or more
past month once a week a week times a week

9. During the past month, how much of a problem has it been for you to keep up enough
enthusiasm to get things done?

No problem at all
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Only a very slight problem

Somewhat of a problem

A very big problem

© 1989, University of Pittsburgh. All rights reserved. Developed by Buysse,D.J., Reynolds,C.F.,
Monk, T.H., Berman,S.R., and Kupfer,D.J. of the University of Pittsburgh using National
Institute of Mental Health Funding.
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APPENDIX B: INSOMNIA SEVERITY INDEX (ISI)
INSTRUCTIONS
For each question, please CIRCLE the number that best describes your answer.
Please rate the CURRENT (i.e. LAST 2 WEEKS) SEVERITY of your insomnia problem(s).
1. Difficulty falling asleep 0 1 2 3 4
2. Difficulty staying asleep 0 1 2 3 4
3.Problems waking up too early 0 1 2 3 4
4. How SATISFIED/DISSATISFIED are you with your CURRENT sleep pattern?
Very Satisfied Satisfied Moderately Satisfied Dissatisfied Very Dissatisfied
0 1 2 3 4
5. How NOTICEABLE to others do you think your sleep problem is in terms of impairing the
quality of your life?
Not at all Noticeable A Little Somewhat Much Very Much Noticeable
0 1 2 3 4
6. How WORRIED/DISTRESSED are you about your current sleep problem?
Not at all Worried A Little Somewhat Much Very Much Worried
0 1 2 3 4
7. To what extent do you consider your sleep problem to INTERFERE with your daily
functioning (e.g. daytime fatigue, mood, ability to function at work/daily chores, concentration,
memory, mood, etc.) CURRENTLY?
Not at all Interfering A Little Somewhat Much Very Much Interfering

0 1 2 3 4

Copyright © 1993 by Charles M. Morin.

54



APPENDIX C: STATE-TRAIT ANXIETY INVENTORY (STAI) FOR ADULTS
Sample Items:

| feel at ease

| feel upset

I lack self-confidence

| am a steady person

Copyright © 1968, 1977 by Charles D. Spielberger. All rights reserved in all media. Published
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