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Persistent post-concussion symptoms in adolescents are non-specific and poorly
understood. A small percentage of adolescents (roughly 20%) will experience persistent
symptoms following mTBI that can be disruptive in many areas of daily functioning.
Including measures in assessment that are specific to adolescents but capture symptoms
beyond injury may lead to more insight as to why some adolescents experience persistent
symptoms. Moreover, identifying predictors of persistent symptoms could aid in
management and evaluation of symptoms. The current set of studies was designed to validate
a measurement tool for adolescents and identify predictors of persistent symptoms in a cohort
of adolescents with mTBlI.
Study 1 was designed to further validate a tool (the BAST-A), which assesses
persistent emotional and behavioral symptoms in adolescents. Another aim was to develop

ordinal to continuous normed scores to aid in clinical interpretation. When assessing the
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psychometric indicators of the tool, both the Negative Affect and Fatigue and Executive and
Social Function subscales performed well. However, the Risk Behaviors subscale performed
poorly in this sample of adolescents with sports-related concussion. Specifically, Risk
Behaviors was not able to distinguish different severity levels in the sample. Results from
this study suggest further psychometric validation of the BAST-A in adolescents with mTBI.
The aim of Study 2 was to utilize the ordinal to continuous normed scores in the first
study to assess if a combination of predictors was associated with persistent neurobehavioral
symptoms in adolescents with mTBI. A combination of pre-injury and injury predictors was
significantly associated with self-reported Negative Affect and Fatigue symptoms (F (8,93)
=6.09, p<.001) and Executive and Social Function symptoms (F (8,93) = 2.18, p=.036). Due
to limitations within the Risk Behaviors subscale, binary (Yes/No) outcomes were used. A
combination of pre-injury and injury factors was also significantly associated with self-
reported Risk Behaviors [%(8) = 18.84, p=.016]. Across subscales, total number of recent life
stressors remained a significant predictor of persistent symptoms. The results from this study
indicated that a combination of injury-related and personal factors is predictive of persistent

symptoms and that recent life stressors contribute to the experience of these symptoms.
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CHAPTER ONE
Introduction and Review of Literature

A subgroup of adolescents who sustain a mild TBI (mTBI) continue to report
persistent, post-concussive physical and emotional symptoms. These post-concussive
symptoms can also lead to cognitive and behavioral problems months to years after injury.
Persistent symptoms in adolescent mTBI can be difficult to differentiate from pre-existing
and non-concussion related psychological or somatization issues. Perhaps specific to the
developmental state of adolescents, academic functioning, identity development, and social
functioning can suffer because of these persistent symptoms. Given this transitional phase of
development from childhood into adulthood, adolescents may experience symptoms
differently than either adults or children. Identifying predictors of persistent symptoms can
aid in alerting clinicians of individuals who may be at risk for developing these persistent
symptoms. Identifying and knowing which adolescents may be more at risk for developing
persistent symptoms will allow clinicians to efficiently expend resources to monitor them, as
opposed to monitoring all adolescents following injury, most of whom will recover quickly.
Future research in these areas could inform clinical monitoring of symptoms and treatment
via different interventions based on types of symptoms endorsed. Unfortunately, adolescents
are most often assessed for these symptoms in research using measures designed for children
rather than for their unique teen developmental stage. A tool that specifically measures
adolescent functioning following mTBI may be useful in evaluating and managing their

symptoms.



Persistent Symptoms and mTBI in Adolescents

As many as 20 percent of adolescents who experience a mild traumatic brain injury
(mTBI) each year continue to report problematic symptoms more than three months after
injury (1-8). These symptoms can have a direct and sometimes lasting impact on
adolescents’ daily functioning. While there are some estimates of mTBI incidence rates in
this population (roughly 812,000 in 2014) (9), these estimates may not be representative of
the total number of children and adolescents affected each year. The incidence of mTBI is
likely larger than published estimates suggest, since current rates are largely determined
based on emergency department (ED) data (10-13). EDs often do not evaluate or formally
diagnose mTBI, so these injuries are sometimes missed, even when those with mTBI meet
criteria based on their symptoms (14,15). This may be due to other injuries that are more
severe and receive more attention. In addition, many adolescents present to primary care
physicians, athletic coordinators, or other professionals after mTBI injury instead of going to
an ED (13,16). Because of barriers to healthcare (e.g., resources, education, and medical
bias) that are experienced by various ethnoracial groups in the U.S., they may not be
accurately represented in mTBI research that is based on data from emergency rooms
(17,18). Even after appropriate diagnosis of mTBI, estimates for those who experience
persistent symptoms may be difficult to ascertain.

Persistent symptoms after mTBI in adolescents manifest in many different areas of
daily functioning. These symptoms are generally nonspecific, often overlap, and include
aspects of emotional functioning, perceived cognitive functioning, and physical

manifestations of symptoms (e.g., headache or sensitivity to noise) (19). It has been
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suggested that these persistent symptoms occur due to somatization in a small percentage of

individuals rather than due to the mTBI per se (5,20). Regardless of the etiological nature of
these symptoms, they can be disruptive to an adolescents’ functioning. Understanding these
overlapping, nonspecific, and complex symptoms is often very challenging (21-23).

One factor that can impact persistent symptoms is the presence of mood disorder
symptoms. In one study assessing new-onset psychiatric disorders following mTBI in
children and young adolescents, 36% of the sample met criteria for a novel psychiatric
disorder six months after the injury (24). A large-scale epidemiologic analysis consisting of
mostly mild TBI participants found that children with TBI had more current or past mood
disorders than those without TBI (25). Mood symptoms are related to both self-esteem and
cognitive functioning in adolescent mTBI, but can also be predictive of perceived cognitive
function, especially factors like depression, anxiety, and neuroticism (26). Children with
mTBI often report more challenges related to school performance and more worry about their
academic performance compared to uninjured peers (27). Persistent mTBI symptoms can
increase these concerns about academic function in children and their parents (28). One study
showed that after TBI (including mTBI), children reported lower self-esteem compared to
uninjured peers. Those with lower self-esteem also had poorer cognitive performance and
more depressive and anxiety symptoms (29). Persistent symptoms following mTBI are often

non-specific, affect many adolescents, and can be disruptive to daily functioning.



Perceived Recovery and Persistent Symptoms

Despite limited and inconsistent evidence for performance based (e.g., cognitive
functioning, return to play, return to school, etc.) challenges following mTBI, the experience
of persistent symptoms may contribute to perceived recovery. There is some discrepancy
between return to activity and the perception of being fully recovered. Even when individuals
display normal cognitive and physiologic functioning (30-32), they may still indicate that
they are experiencing prolonged recovery or persistent symptoms through self-reported
measures. While there is some evidence that perceived recovery in adolescents after mTBI is
related to actual neurocognitive dysfunction, a stronger relationship was found between self-
perceived recovery and self-reported post-concussion (specifically somatic) symptoms (33).
Similarly, in another study conducted on self-perceived recovery in adolescents and young
adults, self-reported concussion symptoms (e.g. headache, trouble concentrating, feeling
more emotional than usual), mood symptoms, and sleep symptoms were associated with the
perception of not having fully returned to pre-injury “normal” status (34). By identifying
those whose perceived recovery differs from what performance-based tests indicate,
researchers may be able to identify other meaningful persistent symptoms not captured by
performance-based tests or standard concussion symptom questionnaires alone.
Understanding this discrepancy starts with assessing adolescents independently from children

and adults and tailoring measures to capture their experience.



Adolescent Symptoms Compared to Children and Adults

Adolescence represents an important developmental phase as adolescents are
transitioning from childhood to adulthood. While physical, cognitive, and/or emotional
functioning may be affected after mTBI across age groups (3,19,23,35,36), some research
suggests that adolescents may experience symptoms differently than children or adults.
Specifically, adolescents who indicated that they were not recovered following concussion
reported more academic challenges compared to children who reported that were not
recovered (28). Research has been contradictory regarding whether adolescents report fewer
or more concussion symptoms overall compared to children (38,39); however, other research
has shown that adolescents experience more challenges with working memory after
concussion compared to adults or children (37). These differences in symptom reporting and
function between adolescents and other age groups suggest a further need to evaluate

adolescents separately from other age groups.

Considerations for Measurement Tools

Self-report, easy-to-administer measures that are specific to adolescents’ experiences
are needed. Adolescents are often evaluated as children although their symptoms and
recovery trajectories may be more comparable to those of adults (20,40-43). Additionally,
physical and cognitive functioning (e.g., return to play/school and neuropsychological
evaluations) are often used as benchmarks for recovery in research for children and
adolescents (44,45). With research mostly focusing on performance-based outcomes (i.e.,

neuropsychological tests) or events like return to play/school, more subjective outcomes like
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quality of life and emotional/behavioral symptoms remain understudied (46—49). Along these

lines, much of the research is focused on concussion symptom logs which include self-report
of multiple symptom domains including physical, emotional, cognitive, and sleep symptoms
(44,50,51). These measures are helpful in obtaining a comprehensive view of adolescents’
symptoms following a concussion; however, these measures are specific to concussion
symptoms and may not measure beyond typical concussion symptoms. Measures that assess
self-perceived behavior and emotional functioning could provide insight into adolescents’

daily challenges.

A Comprehensive Measurement Tool for Emotional and Behavioral Functioning

The BAST measures symptoms in the domains of perceived negative affect, fatigue,
executive function, impulsivity, and substance abuse (52-54). Development of the BAST
was based on a conceptual model that considered emotional, cognitive, and personal factors
and their influences on behavior (54). The development of this tool also used prominent
measures in the rehabilitation field to inform item selection and creation (e.g., Patient Health
Questionnaire-9, Generalized Anxiety Disorders-7, Frontal Systems Behavior Scale) (54).
This conceptual model was adapted to suggest that behavior results from a complex
combination of internal (e.g. mood, cognition) and external (e.g. stressors, environment)
factors (55). This view of symptoms post TBI provides a multi-dimensional assessment of
behavioral function that can inform treatment and management of symptoms in adolescent

mTBlI.



The Behavioral Assessment Screening Tool for Adolescents (BAST-A)

Like the BAST, the BAST-A is a self-report instrument that assesses emotional and
behavioral functioning, but it was modified from the BAST to assess adolescents with
mTBI/concussion and it was validated in this population (52). However, the BAST-A is not
specific to TBI and was designed to measure behavioral and emotional challenges due to
injury and beyond injury. Modifications to make the BAST-A specific to adolescents
included adding items measuring social and school functioning (52). Additionally, items
measuring substance abuse were changed to measure substance use. This change was made
because minimal substance use in adolescents is illegal in the U.S. and admission of
substance use could also capture risk-taking/problematic behavior (52). Initial factor analysis
of the BAST-A in another sample of adolescents with mTBI revealed three domains, titled:
Negative Affect and Fatigue, Executive and Social Function, and Risk Behaviors (52). The
BAST-A was determined to show good content validity by a panel of experts (Content
Validity Index=97.2%) and internal consistency reliabilities ranging from good to excellent
for the three subscales (Cronbach’s 0=.80-.95) in initial factor analysis (52). While the
BAST has undergone Rasch analysis in adults with mild to severe TBI and displayed good
psychometric properties (56), the BAST-A has not yet been analyzed via Rasch in
adolescents with mTBI. Using Rasch analysis in a sample of adolescents with mTBI will
further validate the tool for measuring persistent self-reported emotional and behavioral

symptoms.



The Importance of Rasch Analysis

Assessing the BAST-A using Rasch analysis would serve to further establish the
psychometric properties of the tool. Rasch analysis has been used for other measures in the
fields of rehabilitation and TBI, specifically to improve the development of new scales and to
re-evaluate older scales (57-59). Rasch is desirable in the human sciences and in
rehabilitation research, as it quantifies ordinal measures and standardizes units between
ordinal data (60). Additionally, Rasch can provide item-level and person-level data that are
helpful in designing and refining a tool. For example, Rasch analysis can display the order of
items based on severity/difficulty, indicate if the severity/difficulty of items is appropriate for
the sample, and characterize individual respondents who are outliers in the sample.

Many self-report measurement tools in pediatric and adolescent concussion do not
account for the likelihood of endorsing individual items (61-64), thereby treating each
individual item as equal in severity. Clearly, however, individuals may show a greater
likelihood of endorsing some items and not others. For example, “I felt tired” is more likely
to be endorsed than “I felt depressed or hopeless.” When the likelihood that an item will be
endorsed (i.e., item endorsement “difficulty”) is not assessed, all items are assumed to be
equally endorsed, as are all levels of the ordinal response scale. To aid in determining the
clinical utility of a measure, ensuring that items are capturing what they were designed to
measure (validity), determining if the measure is appropriate for the intended population, and
assessing whether or not items cover a range of severity can be helpful. Rasch analysis is
helpful in assessing these properties and may lead to an improvement in the BAST-A as a

tool of emotional and behavioral functioning in adolescents.



Identifying Predictors of Persistent Symptoms

Persistent symptoms following concussion can result from many complex factors,
including neurobiological complications, psychological factors, social factors, lack of
resources, etc. (36). To date, multiple studies have assessed predictors individually to analyze
their effect on outcomes (65-67); however, few studies have looked at the additive value of
multiple predictors in a model and their association with prolonged recovery in an adolescent
population (6,68,69). Building predictive models that include biological, personal, and
injury-related factors in adolescent samples will allow us to better classify which individuals
are at a greater risk for persistent symptoms based on factors such as socioeconomic status,
psychiatric diagnoses prior to injury, loss of consciousness, etc.

There is currently little consensus on the factors that predict recovery, and there are
several different definitions of recovery, which makes identifying predictors challenging
(36,44). Potential predictors of persistent symptoms following mTBI supported by the
literature include age and sex (6,44,70-72),(53,73) loss of consciousness (64), prior
concussions (68), pre-injury psychiatric diagnoses (3,6,19), history of psychiatric diagnoses

(69), familial stress (70), and socioeconomic status (65,71).

Risk Stratification and Future Directions

More research in the areas of risk stratification and predictive modeling can help
clinicians better identify groups of individuals that are more at risk for developing persistent
symptoms (36). Depending on the risk factors and types of symptoms, those identified as at

risk could have more frequent follow-up visits with their provider(s) to help in symptom
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management. Such follow-up visits might include repeat assessment or informal questioning

to closely monitor a high-risk adolescent’s recovery progress. Adolescents at higher risk for
persistent symptoms after mTBI might also receive individualized interventions/treatments
designed to address different risk factors (e.g., psychotherapy, pharmacological interventions,

vestibular intervention, academic accommaodations) (77).

Scope of Research

The purpose of the current work is to further validate a measure designed specifically
for adolescents to capture their persistent emotional and behavioral symptoms and to develop
ordinal to continuous scores for better clinical interpretation. The second aim is to assess if a
combination of injury-related and personal factors predicts these symptoms. Manuscript 1 is
entitled “Rasch Analysis of the Behavioral Assessment Screening Tool for Adolescents
(BAST-A) in Mild Traumatic Brain Injury.” This study reports Rasch analysis of the BAST-
A with the aim of further validating the psychometric properties of the tool and providing
normed subscale scores. Manuscript 2 is entitled “Predictors of Persistent Behavioral
Symptoms in Adolescents with Mild Traumatic Brain Injury.” The aim of this study is to
assess the predictive ability of a combination of injury and personal variables (e.g., LOC,
psychiatric disorders, life stressors, history of concussion) for persistent symptoms on the
BAST-A. Both papers will contribute to research on risk stratification of adolescents based
on premorbid and injury-related factors and will provide information relevant to future work

on clinical monitoring, treatment, and intervention.



CHAPTER TWO
Manuscript 1: Rasch Analysis of the Behavioral Assessment Screening
Tool for Adolescents (BAST-A) in Mild Traumatic Brain Injury

Abstract

The Behavioral Assessment Screening Tool for Adolescents (BAST-A) (Juengst et
al., 2020) is a measure of neurobehavioral function in adolescents with mild traumatic brain
injury (mTBI). The aim of this study was to follow the Rasch Guidelines in Rehabilitation
Research (RULER) framework to validate the BAST-A by assessing its psychometric
properties and developing ordinal to continuous scores for all the subscales. According to the
RULER framework, we assessed unidimensionality, item hierarchies, targeting, and
symptom severity strata. Although seven items were misfitting, these items were retained in
the analysis. While the subscales of Executive and Social Function and Negative Affect and
Fatigue adequately targeted the sample, the Risk Behaviors subscale displayed more
mistargeting, indicating that different severity levels may not have been adequately captured
or represented in the sample. The Executive and Social Function subscale distinguished three
strata, or distinct levels of symptom severity while the Negative Affect and Fatigue subscale
distinguished five strata. Risk Behaviors did not distinguish any strata in this sample.
Overall, the BAST-A displayed adequate psychometric properties for the Negative Affect
and Fatigue and Executive and Social Function subscales, but not for the Risk Behaviors
subscale. As a next step, the BAST-A will need to be tested further in a sample of
adolescents who have persistent mTBI symptoms and with those have more severe injury, as

the goal is for this measurement tool to be used in these populations.

11
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Introduction

Persistent symptoms following a concussion/mild traumatic brain injury (mTBI) occur in
as many as 20% of injured adolescents (Barlow, 2016; Barlow et al., 2010; Ewing-Cobbs et
al., 2018; Graham et al., 2013; King, 2003; Ponsford et al., 2001; Quinn et al., 2018; Vidal et
al., 2012). Several studies have shown that mild TBI can affect adolescents’ cognitive,
physical, and emotional functioning (Barlow, 2016; Iverson, 2019; Mullally, 2017; Polinder
et al., 2018; Ryan & Warden, 2003), though most adolescents seem to fully recover.
Currently, much of the research in pediatric concussion does not differentiate between
adolescents and children and mostly captures physical and cognitive aspects of recovery
(Finnanger et al., 2015; Iverson et al., 2017; Manzanero et al., 2017; McCauley et al., 2012;
Nelson et al., 2016). In children/adolescents with mTBI specifically, mood-related symptoms
are common for those that experience persistent challenges following the injury (Grubenhoff
et al., 2015, 2016; Luis & Mittenberg, 2002; Max et al., 2013; Nelson et al., 2016; Root et al.,
2016; Taylor et al., 2010). To better measure a fuller range of post-mTBI symptoms in
adolescents, we created a neurobehavioral measure specifically for adolescents with TBI to
capture Negative Affect and Fatigue, Executive and Social Function, and Risk Behavior
symptoms (Juengst et al., 2020).

The Behavioral Assessment Screening Tool for Adolescents (BAST-A) was developed to

assess neurobehavioral symptoms in adolescents following TBI and was adapted from the
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BAST for adults (Juengst et al., 2020). The original BAST captured symptoms in five

different subscales — Negative Affect, Fatigue, Executive Function, Substance Use, and
Impulsivity. Compared to the BAST, exploratory factor analysis in the BAST-A
development sample revealed Negative Affect and Fatigue were collapsed into one subscale
and the Substance Use and Impulsivity subscales were collapsed into one subscale (Juengst
et al., 2020; Wright et al., 2019). The BAST-A has demonstrated good content validity
(97.2%) and the three subscales have demonstrated good to excellent internal consistency
reliabilities (Cronbach’s 0=.80-.95) (Juengst et al., 2020). The current study uses Rasch
analysis to further validate the BAST-A.

Rasch analysis has been used in the fields of rehabilitation and TBI (Granger et al., 1998;
Souza et al., 2017; Tesio, 2003) and can provide useful item-level and person-level
information about a measurement tool. While many measures add up total raw scores to
calculate severity or symptom burden, Rasch standardizes ordinal units of measurement
(Bond & Fox, 2015). This takes into account that adolescents may be more likely to endorse
certain items and not others, depending on the severity of their symptoms (e.g., “I felt tired”
versus “I felt depressed or hopeless™). Using Rasch analysis in this way can help improve a

measure by determining if it is appropriate for the intended population.

Specific Aims/Hypotheses
Our primary objective in this study is to confirm the psychometric properties of the
BAST-A following the standards of the Rasch Reporting Guidelines in Rehabilitation

Research (RULER) framework. Our hypothesis is that each of the subscales will demonstrate
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appropriate unidimensionality and fit statistics, item hierarchies, targeting, and symptom

severity strata using Rasch analysis. Another objective of the study is to generate continuous
normed scores from the ordinal total scores for each BAST-A subscale for easier clinical

interpretation of symptom severity in adolescents with mTBI.

Methods

Participants were adolescents aged 12-20. They were enrolled in the North Texas
Concussion Registry (ConTex) (Cullum et al., 2020), which includes data from clinics at
Children’s Health Andrews and Dallas, Texas Scottish Rite Hospital for Children in Frisco,
and UT Southwestern Medical Center. Inclusion criteria for the study were as follows:
English speaking, a spinal cord injury ASIA score of D or better, initial visit within 30 days
of the injury, enrolled between September 19, 2019, and February 25, 2021, and diagnosed
with a concussion at the initial visit. For participants under the age of 18, written consent is
obtained from the parent with verbal assent obtained from the participant. Adolescents were
excluded from the analyses if they failed the validity checks on the BAST-A, which are
described below. Participants completed a battery of questionnaires following the initial
clinic visit either in-person or over the phone and they completed the BAST-A at the 3-
month follow-up visit via a link to RedCap. Data from the study are stored securely in
RedCap (Harris et al., 2009, 2019) and were analyzed using WinSteps version 4.8.0 (Linacre,

J. M.. Winsteps® Rasch Measurement Computer Program).
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Primary Measure: Behavioral Assessment Screening Tool for Adolescents (BAST-A)

The BAST-A is a 59-item measure designed to capture common emotional and
behavioral symptoms among adolescents with mTBI. Items are rated on a 5-point ordinal
scale (Never, Rarely, Sometimes, Often, Very Often). Participants are asked how often they
have experienced symptoms over the past two weeks. The measure distinguishes symptoms
in three subscales: Negative Affect and Fatigue, Executive and Social Function, and Risk
Behaviors. The Negative Affect and Fatigue subscale contains 31 items, the Executive and
Social Function subscale contains 12 items, and Risk Behaviors contains 7 items. Also
included in the measure are two validity items (“I ate something during the day” and “I
thought about something that I wanted to do”) and a question on nightmares (“I had
nightmares”) as a potential screen for post-traumatic stress. While there are six additional
coping items, they are only provided to participants if they endorsed feeling stressed and are
designed to be used clinically for additional context rather than providing a score.

Nine participants who completed the BAST-A were excluded from analyses after failing
validity checks. If individuals indicated a 1 (Never) for either validity question (i.e., “I ate
something during the day” or “I thought about something that I wanted to do”) then other
validity checks were assessed. Participants were excluded if they completed the measure in
under three minutes (indicating that they rushed through it), did not display significant
variability in their answers (e.g., answered “Never” for many of the questions, despite some
being positively oriented), or endorsed cognitive or physical fatigue but indicated they were

never tired. If participants wrote a response to the short-answer questions indicating that they
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were attending adequately to the measure, then they were not excluded, even if they had

other invalidating responses.

Statistical Analyses

We conducted Rasch analysis on the BAST-A using the Masters partial credit model
in Winsteps, version 4.8.0. The Masters partial credit model does not assume that units of
measurement are the same between levels of endorsement (i.e., the difference between
endorsing “Never” and “Rarely” is not the same as endorsing between “Often” and “Very
Often” on an ordinal scale) (Masters, 1982). Items on the Executive and Social Function
subscale such as “I finished things that I started” or “I apologized when I did something

wrong” were reverse scored prior to the analysis.

Unidimensionality

Although initial psychometric tests using an exploratory factor analysis revealed good
unidimensionality in a similar sample of adolescents with mTBI (Juengst et al., 2020),
psychometric properties for this sample have not yet been tested. The prior sample differed
from the current sample as previous studies had different inclusion criteria (i.e., including
those with longer time since injury). The three subscales of Negative Affect and Fatigue,
Executive and Social Function, and Risk Behaviors were identified in our prior work
(Juengst et al., 2020). As such, in the current study, we sought to establish unidimensionality
by assessing the Cronbach’s alphas for each of the subscales. Using Rasch analysis, we also

analyzed individual item fit to assess unidimensionality. Fit statistics capture how much the



17
items “fit” within the overarching construct as measured (i.e., subscale). For example, item

fit would indicate how well an item like “T had low energy” was measuring the construct of
Fatigue. For the proposed study, a Mean-square (Mnsq) value of less than 1.4 for the infit
and outfit statistics would indicate good item fit (Bond & Fox, 2015). The ideal value is a
Mnsq of 1.0 so using 1.4 accounts for 40% of additional variance and the value of 1.4 is the

preferred cutoff for measures using a rating scale (Bond & Fox, 2015).

Handling of Misfitting Items

If items were misfitting (i.e., they are not appropriate for the construct), they were
removed, and the average subscale scores and separation indices were reassessed to see if
these values improve with the removal of the item. As the measures did not improve
substantially upon removal, all items were retained in the subscale. Person fit was also
assessed using the threshold of >2.0 to represent unmodeled noise (Table 6.1 Person
Statitstics in Misfit Order, n.d.). Person fit measures the discrepancy between observed
versus expected responses. Because subscales of the BAST-A overlap, unexpected responses
on one subscale could be indicative of constructs in another subscale (e.g., an item measuring

both Negative Affect and Fatigue and Executive and Social Function symptoms).

Item Hierarchies
We analyzed logit values as a representation of item difficulty/severity to assess item
hierarchies. Logit values were assessed because they standardize units of measurement

equally and relative item difficulty/severity is accounted for. For the BAST-A, items that are
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easier would have more participants reporting that they frequently experience these

symptoms (i.e., very often), while items that are more difficult would have fewer participants
with more severe symptoms reporting that they experience these symptoms “very often.”
Items that displayed higher logit values indicated that these items were more difficult to
endorse or represented more severe symptoms. Monotonicity for items would be indicated
when the probabilities for selecting a higher rating category would increase and decrease as

symptom severity increases and decreases.

Targeting

We assessed targeting to ensure that items in the measure were of the appropriate
difficulty for the sample. Targeting indicates that items range in difficulty level throughout
the sample (i.e., including items that are easier to endorse such as “I felt tired” and those that
may be more difficult to endorse or indicate greater severity such as “I felt depressed or
hopeless”). A cutoff of above 0.5 for average subscale measures indicates slight mistargeting
and above 1.0 indicates greater mistargeting in average subscale measures (Duncan et al.,
2003; Juengst et al., 2021).Less severe items (i.e., easier to endorse) are indicated by a
negative value further from zero, while items with a greater positive value are more severe
(i.e., more difficult to endorse).

For person and separation indices, or the extent to which item severity or person
severity is spread across a subscale, the threshold of between 1.5 to 2.0 will be indicative of
“acceptable” to “good” levels of separation (Duncan et al., 2003; Juengst et al., 2021). These

separation indices will allow us to determine how many levels of symptom severity there are
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within each subscale: Negative Affect and Fatigue, Executive and Social Function, and Risk

Behaviors.

Symptom Severity Strata

Strata are symptom severity levels. After obtaining the separation index, we used the
equation ((4*Separation Index)+1)/3) to calculate strata for each subscale as this equation is
commonly used and supported in the field (Silverstein et al., 1992; Wright & Masters, 1982).
We also calculated the reliabilities of the subscales with an index of 1.5 being comparable to
a Cronbach’s alpha of .70 (acceptable) and 2.0 with a Cronbach’s alpha of .80 (good)

(Duncan et al., 2003; Juengst et al., 2021).

Sample Size Calculations

If the BAST-A subscales are appropriately targeted (i.e., include items that are of the
appropriate severity for the sample), prior research suggests that a sample of at least 50
participants would be sufficient for the Rasch analysis (Sample Size and Item Calibration or
Person Measure Stability, n.d.). Researchers in this field also recommend at least 10
responses per point on the rating scale (Linacre, 2002, 1999a, 1999b); given the 5-point
rating scale of the BAST-A (i.e., never, rarely, sometimes, often, very often), a minimum of
50 participants would meet this recommendation. Given these considerations, our sample of
n=107 was above the recommended 50 participants and should have displayed endorsement
across the rating scale. We nevertheless assessed responses to ensure that different levels of

item difficulty were endorsed.
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Results

Participants

Participants (n=107) were adolescents aged 12-17 with a documented mTBI that
presented to the clinic within 30 days of their injury and completed the BAST-A on average
three to four months post-injury. Participant characteristics can be found in Table 1. Roughly
half (54.3%) were female, and a majority were White (81.0%). Most of the participants were
in high school at the time of consent to the study (63.0%). Injury mechanisms included motor
vehicle accident, sports-related concussion, fall, hit (an object, or by an object), and assault.
Most participants indicated that they sustained their mTBI due to a sports-related injury
(74.1%). Regarding sports-related injuries, the most common occurred in football (27.3%),

soccer (17.0%), and basketball (10.2%).

Unidimensionality

Although some prior research with exploratory factor analysis has been completed on
the BAST-A (Juengst et al., 2020), this study was conducted in an overlapping sample of
adolescents with concussion due to different inclusion criteria and additional recruitment
since the prior study. A preliminary exploratory factor analysis replicated the three factors
with communalities ranging from .564 to .927. Cronbach’s alphas for the Negative Affect
and Fatigue subscale (.960) and Executive and Social Function subscale (.829) ranged from
good to excellent. The Risk Behaviors subscale (.630) was just below the acceptable range

(Cronbach’s a <.07) (George & Mallery, 2005).
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Misfit statistics from the Rasch analysis indicated that five items from the Negative

Affect and Fatigue subscale, one item from the Executive and Social Function subscale, and
one item from the Risk Behaviors subscale displayed potential misfit, with Mnsq > 1.4. For
Negative Affect and Fatigue the items were: “I limited my physical activities because of
fatigue,” “I avoided social activities,” “I did things that made me feel embarrassed,” “I felt
guilty about something I had said or done,” and “I felt like I did not fit in with my friends.”
From the Executive and Social Function subscale the item was: “I planned ahead” and from

Risk Behaviors: “I took unnecessary risks.” See table 2 for infit and outfit values.

Handling of Misfitting Items and Sample Size Calculations

To address potential misfitting of items, we re-ran analyses without each item to
determine if average subscale measures and standard error changed. For the full Negative
Affect and Fatigue subscale, the average subscale measure was -1.06 and standard error was
0.28 before removal of items. The average subscale measures were lower and standard errors
were higher with removal of 4 items: “I limited my activities because of physical fatigue”
(Subscale: -1.07; SE: 0.29), “I avoided social activities” (Subscale: -1.07; SE: 0.29), “I did
things that made me feel embarrassed” (Subscale: -1.06; SE:0.28), and “I felt guilty about
something I had said or done” (Subscale: -1.10; SE:0.30). The item “I felt like I fit in with
my friends” resulted in a higher average subscale measure (-1.04) and the same standard
error (0.28) when removed. For Executive and Social Function, the average subscale measure
was -0.60 and standard error 0.37. The one item that displayed potential misfit in Executive

and Social Function (“I planned ahead”) also exhibited a lower average subscale measure (-
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0.72) and standard error (0.41) when removed. The Risk Behaviors average subscale measure

was -3.38 and standard error was 1.34. When “I took unnecessary risks” was removed, the
average subscale score was lower (-3.90) and standard error higher (1.53). For all five
Negative Affect and Fatigue items, the item standard error stayed the same after removal of
the item (0.12). For the item from Executive and Social Function, item standard error became
higher after removal of the item (from 0.11 to 0.12). For Risk Behaviors, item standard error
also became higher with removal of the item (from 0.42 to 0.52). As a result of minimal
scale change with item removal, it was determined that potentially misfitting items would be

kept in the scale.

Person Fit

For Negative Affect and Fatigue, the infit Mnsq values ranged from 0.28 to 2.76 and
outfit Mnsq values ranged from 0.31 to 4.73. There were seven adolescents with values over
the 2.0 threshold of person fit for Negative Affect and Fatigue. For Executive and Social
Function, infit Mnsq values ranged from 0.13 to 3.23 and outfit Mnsq values ranged from
0.13 to 5.32. There were 11 adolescents with values over the 2.0 threshold for Executive and
Social Function. For Risk Behaviors, the infit Mnsq values ranged from 0.04 to 2.97 and
outfit Mnsq values ranged from 0.04 to 3.03 and five adolescents were over the 2.0 threshold.
This indicates that individuals’ expected responses were different from their observed
responses for these subscales. For example, an individual with more severe symptoms would
be expected to endorse “Very Often” for an item that was less severe. If they did not respond

in this way and had too many of these unexpected responses, this would affect person fit.
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Individuals who surpassed the threshold for person fit were sustained in the analyses as many

of the adolescents were misfitting on some subscales and not others. This is likely
represented by the overlap in scales as they are weakly correlated (r=-.278 to .219) indicating

some shared variance.

Item Difficulty Hierarchy

The average subscale values, represented by logits, provided in Table 2 are a measure
of severity of symptoms and difficulty of item endorsement. Logit values in this sample
ranged from -1.14 to 2.11 across scales, with the largest spread of logit values being in the
Risk Behaviors subscale. The easiest item to endorse was “I did things that were unsafe” and
the hardest item to endorse was “I used tobacco.” Since the lower logit value was associated
with “I did things that were unsafe,” more adolescents were endorsing this item “often” or
“very often” compared to “I used tobacco.” While “I used tobacco” may not be an item
endorsed by only those with more severe Risk Behaviors, endorsement in this sample did
suggest that adolescents were less likely to use tobacco. Lack of endorsement could be due to
the way the question was phrased (i.e., “I used tobacco” versus “I used products containing
nicotine”), the decreasing popularity of using tobacco, or the fact that most of our sample
consisted of adolescent athletes.

Figures 1-3 represent individual item-level and person-level endorsement and in
these figures, average scores of individual items are shown across the ordinal-level rating
categories. Items were well distributed in the Negative Affect and Fatigue subscale and the

Executive and Social Function subscale. Person distribution on the Negative Affect and
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Fatigue and Executive and Social Function subscales was concentrated toward the bottom of

the figure, but the distribution of persons was not as poor as in the Risk Behaviors subscale.
Both item and person distribution of Risk Behaviors clustered toward the bottom of the
figure. These findings suggest that the adolescents generally experienced more Negative
Affect and Fatigue and Executive and Social Function symptoms compared to Risk
Behaviors, reflected in a wider distribution. The Risk Behaviors subscale may have a
substantial floor effect and only those who are experiencing more frequent or severe
symptoms will be captured in this subscale. Overall, the ordering of items in this sample

made conceptual sense despite the lack of endorsement in some items.

Targeting

Table 3 depicts average subscale measures, person and item separation indices, and
reliability statistics. The average subscale measure for Executive and Social Function (-0.60)
displayed appropriate targeting for the sample and is therefore considered a subscale that can
capture symptom severity. The average subscale measure for Negative Affect and Fatigue (-
1.06) displayed mistargeting slightly above the threshold of 1.0. Additionally, the Risk
Behaviors average subscale measure showed even greater levels of mistargeting (-3.38). The
values of these two subscales may indicate that the subscales are unable to capture different
severity levels in this sample or that the sample did not include participants at different
severity levels for the scale to capture. All three subscales displayed negative values for the
average subscale measure, indicating that the adolescents were reporting symptoms that were

less severe compared to what was expected.
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Table 3 depicts separation reliability and indices. Both the Negative Affect and

Fatigue and the Executive and Social Function subscales displayed acceptable to excellent
separation reliabilities > 0.78, and Risk Behaviors demonstrated a good item separation
reliability of 0.78; however, Risk Behaviors displayed poor person level reliability (0.00).
Separation indices were above the 1.5 threshold for the Negative Affect and Fatigue and the
Executive and Social Function subscales indicating good separation. While item level

separation was above 1.5 for Risk Behaviors, person level separation was not.

Symptom Severity Strata

Two of the BAST-A subscales (Negative Affect and Fatigue and Executive and
Social Function) were able to differentiate three to five strata of participants. Negative Affect
and Fatigue distinguished 5 strata (4.97) and Executive and Social Function 3 strata (2.97).
Risk Behaviors could not adequately distinguish strata in this sample (0.33). The Negative
Affect and Fatigue subscale differentiated participants who were high, above average,
average, below average, and low severity, and the Executive and Social Function subscale
differentiated participants who were high, average, and low severity. Normed score
conversions for the Negative Affect and Fatigue and the Executive and Social Function total

ordinal scores are presented in Table 4.

Sample Size Calculations
Both Negative Affect and Fatigue and Risk Behaviors demonstrated mistargeting.

Additionally, each of the ordinal categories (1-5) was endorsed by at least 10 participants for
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each of the subscales except Risk Behaviors, which may explain why person separation was

so poor. Our sample generally endorsed very mild symptoms (i.e., Never, Rarely,
Sometimes). However, the Negative Affect and Fatigue and the Executive and Social
Function subscales displayed more variability across categories and higher numbers in the
Often and Very Often categories compared to Risk Behaviors. In the Risk Behaviors
subscale, only the first three ordinal values (Never, Rarely, and Sometimes) reached the

threshold of 10 responses.

Discussion

The purpose of the current study was to further validate a measure of neurobehavioral
symptoms in adolescents with mTBI and to develop normed subscale scores for better
clinical interpretation. We were able to meet our objectives for the current study by
confirming the psychometric properties and developing ordinal to continuous normed scores
for the Negative Affect and Fatigue and Executive and Social Function subscales. However,
we were unable to confirm the psychometric properties or develop normed scores for the
Risk Behaviors subscale in this sample. Additionally, our primary hypothesis was met for
two of the subscales. We were able to confirm the psychometric properties for both the
Negative Affect and Fatigue and the Executive and Social Function subscales via assessing
unidimensionality, targeting, item difficulty hierarchies, and symptom severity strata. The
Negative Affect and Fatigue subscale displayed mistargeting slightly above the threshold in
this sample, but also displayed good person and item level separation. Moreover, the

Negative Affect and Fatigue subscale distinguished 5 strata or severity levels. Considering
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the different psychometric indicators used in Rasch analysis, the scale was still determined to

adequately measure symptoms of Negative Affect and Fatigue in this sample.

While one previous study assessed basic psychometric properties of the BAST-A (i.e.
internal consistency reliability, content validity, etc.) (Juengst et al., 2020), the aim of the
current study was to use modern test theory to assess item-level and person-level properties
of the measure in a sample of adolescents with mTBI. Overall, the Negative Affect and
Fatigue and the Executive and Social Function subscales performed well. However, the Risk
Behaviors subscale was not adequately capturing a full range of severity in the sample, did
not distinguish strata, and contained items that were too difficult for participants to endorse
(i.e., the items were too severe).

Risk Behaviors demonstrated poor psychometric properties in this sample due to a
lack of endorsement in items that were more severe. Conversely, additional items that are
less severe may need to be included in the measure to adequately capture risk-taking
symptoms of this sample. Overall, our sample generally endorsed very few symptoms and
while Negative Affect and Fatigue and Executive and Social Function may have captured
symptoms more common in the general population, Risk Behavior symptoms may only occur
in a small number of adolescents. While future work is needed to test the Risk Behaviors and
other subscales in a sample with a wider range of injury severity, this preliminary work
shows promising applications for the Negative Affect and Fatigue and Executive and Social
Function subscales in adolescent mTBI. A specific notable finding regarding these subscales
was the different severity levels that they captured even in a sample that generally endorsed

minimal symptoms. The Executive and Social Function subscale distinguished three strata
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and the Negative Affect and Fatigue subscale distinguished five, suggesting that in these

adolescents there may be subtle differences between severity levels, especially in Negative
Affect and Fatigue.

Results from the Rasch analysis and exploratory factor analysis showed that the
measure demonstrated good unidimensionality for two of the subscales (i.e., Negative Affect
and Fatigue and Executive and Social Function) but questionable unidimensionality for Risk
Behaviors. Items from Negative Affect and Fatigue that misfit may have displayed values
above the threshold because they are also capturing social themes in the Executive and Social
Function subscale. This is supported in research, as adolescent mood and social functioning
are closely related. For some athletes, if return to play and/or social interaction through
activity are affected by mTBI, then both mood and social function could be affected (Conley
etal., 2020; Eime et al., 2013; Weinstein & Mermelstein, 2008). While participating in sports
does not guarantee social interaction, sports participation is generally associated with better
psychological and social outcomes, with team sports in particular being related to better
social outcomes (Eime et al., 2013). Moreover, the complex relationship between fatigue,
quality of life, and participation (home, community, and school) in adolescents (van Markus-
Doornbosch et al., 2020) may contribute to the overlap between these two subscales.

The item “I planned ahead” likely was misfitting due to the initiation required to plan
ahead and because of the relationship between lack of initiation/motivation, neurological
issues, and fatigue. Specifically, brain connectivity can be impacted following mTBI and can
be associated with perceived effort and fatigue (Ramage et al., 2019) suggesting potential

overlap between the Negative Affect and Fatigue and Social and Executive Function
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subscales for this item. “I took unnecessary risks” also was likely misfitting and may

measure other factors in addition to Risk Behaviors in our current sample as this item could
overlap with social pressures (Reniers et al., 2016) or mood-related symptoms (Waller et al.,
2006). Although the average subscale measure and standard error did not improve upon
removal, we chose to retain the item “I fit in with my friends” because the current sample
generally endorsed very mild symptoms and we would like to see if this item performs
similarly in a sample consisting of larger subgroups of mTBI due to other mechanisms of
injury.

In the current study, there was potential unmodeled noise (i.e., items in subscales
overlapping with items in other subscales) represented by many participants displaying fit
values over the threshold of 2.0. The BAST-A subscales have been shown to be
unidimensional in previous research (Juengst et al., 2020) and weakly correlated (r=-.278 to
.219) with each other, indicative of a multidimensional total scale. Although the Risk
Behaviors subscale demonstrated inadequate psychometric properties in this sample,
endorsement of these items is still clinically relevant, as some of these items ask about illegal
and/or harmful activities for an adolescent. Moreover, assessing these adolescents at a single
time point may also be contributing to unmodeled noise, as prior research shows significant
variability in individual self-reports across time points in stroke and TBI research (Juengst et
al., 2019; Juengst et al., 2021; Terhorst et al., 2018). Because of these findings, the BAST-A
may be best used as a screening tool across multiple time points to provide clinical

monitoring. Additionally, the BAST-A could be used in conjunction with other commonly



30
used concussion measures to aid clinicians in assessing persistent functional challenges for

these adolescents.

Limitations

While the current study was able to provide further validation for a measure of self-
reported functioning in adolescents, there were some limitations in the research. One
limitation of the study was that our sample consisted of mostly athletes. Some research
suggests that athletes particularly may underreport symptoms if symptom report is related to
return to play (McDonald et al., 2016; Meier et al., 2015). Conversely, other research
suggests that athletes are less likely to experience persistent symptoms compared to children,
adolescents, and young adults that sustain a mTBI due to other mechanism (motor vehicle
accident) (Tarkenton et al., 2021). These findings suggest either that athletes recover quickly
compared to other adolescents that sustain a mTBI due to another mechanism of injury or
that athletes may underreport symptoms compared to adolescents that experience other types
of mTBI. As our sample was mostly sports-related concussion (74.1%), findings may not be
generalizable to the experience of those that sustained a mTBI due to other mechanisms such
as fall, assault, motor vehicle collision, etc. Another limitation of the study was that we did
not have immediate post-injury BAST-A measures for this group of adolescents and could
not compare symptoms directly post-injury to those 3 months after injury. In addition, we do
not currently know what the base rates are regarding symptoms in adolescents who have not
sustained a mTBI. As such, these findings cannot be compared to rates in the general

population.



31
Future Directions

Due to some psychometric limitations of the study, future work could focus on
acquiring a large sample of adolescents with multiple mechanisms of injury to assess the
psychometric properties of the BAST-A in mTBI. Conversely, future research into the
psychometric properties of the BAST-A could assess the full spectrum of TBI similar to our
recent work in adults (Juengst et al., 2021). The BAST-A has also been translated for
Spanish-speakers and future work should assess the Spanish version using Rasch analysis.
Future studies could also assess differences in adolescents’ symptom reports based on
mechanism of injury. Prior work suggests that there may be differences in symptom reports
between athletes and those that sustained an injury due to motor vehicle collision, with
athletes reporting fewer post-concussion and emotional/behavioral symptoms (Tarkenton et
al., 2021; Wright et al., 2020). In future iterations of this research, we will also be able to use
differential item functioning to potentially analyze differences in response by sex, ethnicity,
and injury mechanisms to better understand the tool’s clinical utility and appropriateness for

certain populations.



Table 1 Participant Characteristics (n=107)

Mean (Range)

Age 14.33 (12-17)

Time Since Injury 7.70 days (0-30 days)
N (%)

Gender (Female) 63 (54.3)

Race (White) 94 (81.0)

Education

Gth-7th 41(35.4)

gth-12th 73 (63.0)

Missing 2(1.8)

Mechanism

Sports-Related 86 (74.1)

Motor Vehicle Accident 4 (3.4)

Hit 13 (11.2)

Fall 11 (9.5)

Assault 2 (1.7)

Sports Injuries

Football 24(27.3)

Wrestling 1(1.1)

Basketball 9(10.2)

Volleyball 3(3.4)

Soccer 15(17.0)

Softball 1(1.1)

Lacrosse 2(2.3)

Cheerleading 6(6.8)

Ice Hockey 2(2.3)

Gymnastics 1(1.1)

Ice Skating 1(1.1)

Roller Skating/Skateboarding 2(2.3)

Other 1(1.1)

BAST-A Subscales Mean (SD), Range

Negative Affect and Fatigue 2.17 (0.82), 1.03-4.32

Executive and Social Function 2.40 (0.67), 1.25-4.25

Risk Behaviors 1.19 (0.29), 1.00-2.71




Table 2 Item fit statistics in order of difficulty within subscales

Subscale Items Measure Measure in SE Infit Infit Outfit Outfit
across middle MNSQ Zstd MNSQ Zstd
categories category
Negative Affect I felt like I did not fit in 0.60 0.44 0.12 0.99 -0.04 1.75 2.21
and Fatigue with my friends.”
“I limited my activities 0.53 0.48 0.12 1.61 3.17 2.87 4.00
because of physical
fatigue.”
“I acted rudely.” 0.49 0.56 0.13 0.86 -0.99 0.86 -0.92
“I avoided social 0.47 0.51 0.12 1.34 1.94 2.29 4.16
activities.”
“I did things that made 0.45 0.41 0.12 1.57 3.40 2.16 4.22
me feel embarrassed.”
“I did not enjoy activities 0.43 0.45 0.12 1.06 0.37 0.86 -0.32
that I usually enjoy.”
“I felt depressed or 0.35 0.24 0.11 0.64 -2.44 0.47 -1.59
hopeless.”
“If something seemed too 0.28 0.27 0.12 1.08 0.61 0.93 -0.28
hard, I did not even try to
do it.”
“I struggled in school.” 0.23 0.24 0.12 1.17 1.21 1.28 1.40

33



“I laughed or cried
without a good reason.”

“I felt nervous.”

“I lied or exaggerated.”
“I felt lonely.”

“When something upset
me, | had a hard time

letting it go.”

“I forgot important
things.”

“I needed to rest or nap to
get through my day.”

“I felt sad.”

“I felt guilty about
something | had said or
done.”

“I could not relax when |
was upset.”

“I reacted without
thinking.”

0.21

0.18

0.17

0.12

0.10

0.07

0.04

0.01

-0.05

-0.05

-0.12

0.11

0.22

0.42

-0.01

-0.06

0.02

0.02

0.03

0.10

-0.10

-0.06

0.11

0.12

0.12

0.11

0.11

0.11

0.11

0.11

0.12

0.11

0.12

1.04

0.71

1.32

0.82

1.03

1.07

1.23

0.63

1.34

0.83

1.08

0.30

-2.23

1.92

-1.19

0.27

0.52

1.45

-3.01

2.25

-1.25

0.65

0.90

0.75

1.25

0.61

0.96

1.01

1.30

0.59

1.96

0.73

1.12

34

-0.24

-1.39

1.43

-1.45

-0.12

0.10

1.18

-2.66

4.56

-1.40

0.80



Executive and
Social Function

“I felt too tired to finish
tasks that required
thinking.”

“I got mad easily.”

“I felt anxious.”

“I got frustrated easily.”
“I felt stressed.”
“Thoughts got stuck in
my head and | could not
stop thinking about

them.”

“I had trouble sitting
still.”

“I worried about things.”
“I had low energy.”

“I felt overwhelmed.”

“I felt tired.”

“I talked to my friends.”

-0.26

-0.27

-0.35

-0.36

-0.36

-0.37

-0.38

-0.44

-0.48

-0.50

-0.78

1.11

-0.13

-0.30

-0.34

-0.39

-0.41

-0.28

-0.46

-0.42

-0.38

-0.51

-0.71

1.08

0.11

0.11

0.10

0.11

0.10

0.11

0.11

0.11

0.10

0.11

0.11

0.13

0.93

1.00

0.89

0.94

0.71

0.87

1.31

0.73

0.88

0.71

0.90

1.03

-0.48

0.07

-0.84

-0.44

-2.36

-0.96

2.16

-2.26

-0.90

-2.38

-0.74

0.24

0.84

1.05

0.82

0.93

0.62

0.79

1.16

0.68

0.85

0.66

0.92

1.11

35

-0.83

0.36

-0.92

-0.41

-2.00

-1.31

0.92

-2.20

-0.89

-2.44

-0.56

0.51



“I apologized when I did
something wrong.”

“I finished things that I
started.”

“I hung out with my
friends.”

“I followed through on
my responsibilities.”

“I understood how my
actions made other
people feel.”

“I thought about how
others were feeling.”

“I was able to adapt when
things did not go as
planned.”

“[ started activities on my
own.”

“I was able to pay
attention to more than

one thing at a time.”

“I was organized.”

0.55

0.29

0.22

0.19

0.14

0.10

-0.14

-0.36

-0.56

-0.67

0.67

0.44

0.21

0.39

0.40

0.30

0.16

-0.23

-0.41

-0.51

0.12

0.11

0.10

0.11

0.11

0.11

0.11

0.10

0.10

0.10

0.91

0.77

1.30

0.99

0.68

1.12

0.88

1.01

1.18

0.84

-0.55

-1.65

2.06

0.00

-2.35

0.85

-0.88

0.09

1.36

-1.29

0.81

0.77

1.27

1.06

0.65

1.13

0.86

1.08

1.14

0.84

36
-1.21

-1.55

1.68

0.44

-2.62

0.90

-1.01

0.66

1.10

-1.24
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“I planned ahead.” -0.87 -0.80 0.09 1.43 3.06 151 3.15
Risk Behaviors  “I used tobacco.” 2.11 -- 1.03 0.96 0.26 0.22 -0.36

“I used drugs for non- 0.52 0.52 0.47 0.48 -1.00 0.08 -1.26

medical reasons.”

“I smoked.” 0.11 0.11 0.41 0.65 -0.66 0.10 -0.67

“I drank alcohol.” 0.02 0.02 0.37 0.59 -1.03 0.34 -0.83

“I got into trouble at -0.64 -0.42 0.19 1.30 1.37 1.15 0.75

school.”

“I took unnecessary -0.67 -0.45 0.20 1.52 2.09 1.26 1.26

risks.”

“I did things that were -1.44 -1.41 0.18 0.92 -0.29 0.81 -0.78

unsafe.”

For Measure in Middle Category, Logit values were taken from the middle category (3-Sometimes). Two items: “I used tobacco” and “I
did things that were unsafe” displayed an even number of categories (2 and 4, respectively). The logit for “I used tobacco” was not
calculated as there was not middle category and the logit for “I did things that were unsafe” was calculated by averaging the values of the
two middle categories.
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Table 3 Person and item separation statistics

BAST-A  Persons Items

Subscale
Average SE of Separation Separation SE of Separation Separation
Subscale Measurement Index Reliability Measurement Index Reliability
Measure

Negative -1.06 0.28 3.48 0.92 0.12 2.84 0.89

Affect

and

Fatigue

Executive  -0.60 0.37 1.89 0.78 0.11 4.58 0.95

and

Social

Function

Risk -3.38 1.34 0.00 0.00 0.42 1.86 0.78

Behaviors




Table 4 Ordinal to normed scale scores and percentiles conversion table

Ordinal Score  Negative Affect and Fatigue  Executive and Social Function

Mean: 59.06 Mean: 57.37
Logit: 8.57 Logit: 12.32
Normed Percentile Normed Percentile
7 _— - - -
8 - - _— _—
9 - - - _—
10 -- -- -- --
11 -- -- -- --
12 -- -- -5.8 0
13 -- -- 9.4 0
14 -- -- 18.4 0
15 -- -- 23.9 1
16 -- -- 27.9 2
17 -- -- 31.2 4
18 -- -- 33.9 6
19 -- -- 36.3 7
20 -- -- 38.4 10
21 -- -- 40.3 16
22 -- -- 42.1 21
23 -- -- 43.7 27
24 -- -- 45.2 35
25 -- -- 46.7 40
26 -- -- 48.0 43
27 -- -- 49.3 47
28 -- -- 50.5 53
29 -- -- 51.7 58
30 -- -- 52.8 62
31 11.1 0 53.9 64
32 21.3 1 55.0 68
33 27.2 3 56.0 72
34 30.5 4 57.0 73
35 32.9 6 58.0 74
36 34.7 8 59.0 79
37 36.3 9 59.9 83
38 37.5 12 60.9 86
39 38.6 14 61.8 88
40 39.6 16 62.8 90
41 40.5 %5 63.7 93
42 41.3 64.6 94

[
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»
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o
©
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

42.7
43.4
44.0
44.5
451
45.6
46.1
46.5
47.0
47.4
47.8
48.2
48.6
49.0
49.4
49.7
50.1
50.4
50.8
511
514
51.7
52.1
524
52.7
52.9
53.2
53.5
53.8
54.1
54.4
54.6
54.9
55.2
55.4
55.7
55.9
56.2
56.5
56.7
57.0
57.2
57.5
S1.7

20
21
22
25
28
29
31
33
34
35
36
37
40
43
44
46
48
49
50
51
52
53
55
57
58
59
61
62
63
65
65
66
67
68
69
70
71
72
73
73
74
75
76
77

40



88

89

90

91

92

93

94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

57.9
58.2
58.4
58.7
58.9
59.2
59.4
59.6
59.9
60.1
60.4
60.6
60.8
61.1
61.3
61.6
61.8
62.1
62.3
62.6
62.8
63.1
63.3
63.6
63.9
64.1
64.4
64.7
64.9
65.2
65.5
65.8
66.1
66.4
66.7
67.0
67.3
67.6
68.0
68.3
68.6
69.0
69.4
69.8

79
79
79
79
79
80
81
81
81
83
85
86
87
87
88
88
89
90
90
90
92
93
94
94
94
95
95
95
95
95
95
95
96
98
98
98
98
99
99
99
99
99
99
99

41



132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155

70.1
70.6
71.0
71.4
71.9
72.4
72.9
73.4
74.0
74.6
75.2
75.9
76.7
77.5
78.4
79.4
80.5
81.8
83.3
85.2
87.7
91.1
97.0
107.3

99

99

99

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

42
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MEASURE

PERSON

Figure 1: Negative Affect and Fatigue: PERSON — Average Measures for
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+

LESS  NEVER = RARELY  SOMETIMES @~ OFTEN | VERY OFTEN

Each “X” represents one individual. If items are higher on the y axis, then only participants with more severe symptoms are
endorsing them. To the left hand of the figure under the “Person” column, individuals are represented by different symbols
according to the subscale.

Figure 2: Executive and Social Function: PERSON — Average Measures for
MEASURE PERSON MAP Category Score
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OFTEN

49

VERY OFTEN

Each “X” represents one individual. If items are higher on the y axis, then only participants with more severe symptoms are
endorsing them. To the left hand of the figure under the “Person” column, individuals are represented by different symbols

according to the subscale.

MEASURE PERSON MAP Figure 3: Risk Behaviors: PERSON — Average Measures for Category Score
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I
I
-4 SRR +
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o1
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Each “#” represents 4 individuals and each “.” represents 1 to 3 individuals. If items are higher on the y axis, then only
participants with more severe symptoms are endorsing them. To the left hand of the figure under the “Person” column,

individuals are represented by different symbols according to the subscale.
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CHAPTER THREE
Manuscript 2: Predictors of Persistent Neurobehavioral Symptoms in
Adolescents with Mild Traumatic Brain Injury

Abstract

Objective: To determine risk factors for persistent post-concussion neurobehavioral symptoms
measured by the Behavioral Assessment Screening Tool for Adolescents (BAST-A) three to four
months after concussion.

Design: Cohort Study

Setting: Concussion clinic/community

Participants: Adolescents (n=107) diagnosed with a concussion.

Independent Variables: Independent variables were loss of consciousness, age at first mTBlI,
time since most recent concussion, previous brain injury, gender, insurance payor, presence of a
previous psychiatric diagnosis, and recent life stressors.

Main Outcome Measures: The BAST-A is a 59-item neurobehavioral measure that assesses
adolescent-reported symptoms related to traumatic brain injury. Subscales include Negative
Affect and Fatigue, Executive and Social Function, and Risk Behaviors. The BAST-A also
includes a 30-item checklist of life events in the past six months.

Results: A combination of pre-injury and injury factors was associated with continuous severity
scores of the Negative Affect and Fatigue (F (8,93) =6.09, p<.001) and the Executive and Social
Function (F (8,93) = 2.18, p=.036) subscales. A combination of pre-injury and injury factors was
also associated with presence (Yes/No) of Risk Behaviors [¢?(8) = 18.84, p=.016]. Injury and
personal factors accounted for 28.7% of variance in Negative Affect and Fatigue, 8.5% in
Executive and Social Function, and 22.7% in Risk Behaviors. A higher number of recent life

stressors reported by the participants was significantly associated with a higher number of
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symptoms for all three subscales. Girls in our sample endorsed more Negative Affect and
Fatigue symptoms than boys. Adolescents with Medicaid/CHIP coverage and no insurance
endorsed more Executive and Social Function symptoms compared to those with commercial
insurance. Those with Medicaid/CHIP coverage and no insurance also endorsed more Risk
Behaviors than those with commercial insurance.

Conclusions: Results indicated that across all three subscales, total number of recent life
stressors was a significant predictor of persistent symptoms. This highlights the need for

psychosocial assessment of adolescents with a mTBI and has implications for interventions.

Introduction

The prevalence of persistent symptoms (i.e., lasting beyond typical symptom resolution
of 1-2 weeks) following concussion in children (including adolescents) is estimated at 20%,
although studies have returned both lower and higher prevalence estimates.:® Some symptoms
can continue for up to a year or longer after injury.>®8 Persistent symptoms can affect emotional,
physical, and cognitive function, which in turn may affect academic and social development in
adolescents.®%! The cause of persistent symptoms is unknown; however, research has shown
that those with persistent symptoms often have more somatization and psychological challenges
than those without.'>28 The ability of providers to identify predictors of persistent symptoms in
the first few weeks after an adolescent’s brain injury could help to identify individuals who are at
more risk for developing persistent symptoms, to aid in clinical monitoring, and to inform
treatment. Unfortunately, there are several barriers to identifying those with persistent symptoms.
First, research on predictors of symptoms in brain injured adolescents is inconsistent.101° A
systematic review noted that researchers disagreed and provided contradictory evidence for

common predictors of recovery (e.g., LOC, gender, age, etc) .*° Second, adolescents are often
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grouped with younger children in research.22021 This procedure assumes that they are similar to
children regarding their experience of persistent symptoms and risk factors for developing
persistent symptoms, which may be inappropriate. In fact, research shows that adolescents’
recovery may be more comparable to that of adults. 222 Third, there are only a few predictive
models of recovery from mTBI in children and adolescents.®?42°> The problems with some of the
current models is that they do not include pre-injury factors or they predominantly focus on
variables directly related to injury.?4#?> An exception was one model which assessed non-injury
factors such as SES, mood, and family functioning. ® Fourth, most work in predictors of recovery
focuses on only a few predictors at a time. 2628 All of these challenges have led to a lack of
consensus in the field on predictors of recovery and recovery outcomes %9 and the lack of
consensus has been a barrier to research on predictors of recovery in adolescents.

In order to better understand why some adolescents report persistent symptoms and
others do not, more research is needed to characterize the complex constellation of factors that
contribute to persistent symptoms. Past research has focused on some injury-related and personal
factors individually, such as age and sex,51%2%-3% history of concussions and loss of
consciousness,?®32 premorbid psychological diagnoses,®®! family stress and family history of
psychological diagnoses,®3* and socioeconomic status. 260 The current study included a
combination of injury-related and personal factors to assess which factors are significant when
controlling for other potential predictors of persistent symptoms.

Some studies have used modeling to predict which individuals are more likely to
experience persistent symptoms based on certain risk factors. One study assessed the impact of a
variety of factors on the experience of persistent symptoms in children and looked at injury-

related factors, symptom reporting, and medical/family medical history.?* The final predictive
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model found that only injury-related factors/symptoms, balance issues, age, sex, and speed of
answering questions were significant for predicting persistent symptoms. While psychological
factors were included in the model (e.g., diagnoses of anxiety, depression, and/or ADHD), many
of the variables were related to injury or were based on physical or cognitive symptoms.®
Factors that were not directly related to the injury, such as stressful life events, socioeconomic
status, etc., were not included in the final model. Moreover, some studies have looked at other
outcomes such as academic function, psychological function, and cognitive function and
participation. 36-3 However, few studies have assessed predictors of pediatric, and specifically

adolescent, recovery from concussion.

Specific Aims/Hypotheses

The aim of the current study was to determine if a combination of injury-related and
personal factors were predictive of persistent Negative Affect and Fatigue, Executive and Social
Function, and Risk Behavior symptoms. One of the primary hypotheses was that personal
factors, including more life stressors, gender, lower socioeconomic status (represented by
insurance payor) and presence of premorbid psychological diagnoses, would significantly predict
more severe neurobehavioral symptoms for each subscale. The other primary hypothesis was that
injury-related factors, including younger age at first TBI, history of prior head injury, and loss of
consciousness, would also predict more severe neurobehavioral symptoms for each subscale. We
sought to assess a combination of injury-related and personal factors in order to control for

commonly used predictors and assess the relative contribution of each factor to the model.
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Methods
Participants

Participants were adolescents aged 12-17 enrolled in the North Texas Concussion
Registry (ConTex). ConTex recruits from multiple clinics across the Dallas-Fort Worth
Metroplex, including Children’s Health - Andrews and Dallas, UT Southwestern Medical Center,
and Texas Scottish Rite Hospital for Children in Frisco. Participants were included in the current
study if they presented within 30 days of their injury to better control for time since injury. Other
inclusion criteria were: English speaking, diagnosed with a concussion upon initial clinic visit
(GCS=13-15), and completed the BAST-A at 3-month follow-up between February 21, 2020 to
May 10, 2021. Participants were excluded if they were diagnosed with a moderate or severe TBI,

had a visual or hearing impairment, and had a spinal cord injury ASIA score of C or worse. *°

Procedure

Adolescents participating in the study completed a standard battery of assessments at the
initial clinic visit. *° Included were questionnaires regarding medical and injury-related history
and socioeconomic status. Loss of consciousness, gender, insurance payor, history of mTBlI,
history of a psychiatric diagnosis, time since injury, and age at first concussion were all collected
in the initial clinic visit. At 3-month follow-up, participants completed the BAST-A and
environmental context questions (ECQs) via an emailed link to RedCap. Data were stored

securely in RedCap 4%4! and were analyzed using SPSS version 27.4?
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Measures

The main outcome measure for this study was the BAST-A, which is a 59-item emotional
and behavioral measure that captures symptoms in the domains of Negative Affect and Fatigue,
Executive and Social Function, and Risk Behaviors. 43 Also included in the BAST-A research
were ECQs, which are assessed via a list of 30 checkboxes indicating various stressful life events
within the past six months.*® For this analysis, the total number of ECQs was used to calculate
the total number of life stressors that the adolescents had experienced in the past six months.
They completed the ECQs at the follow-up period three months after their injury. Scores from
the BAST-A for the Negative Affect and Fatigue subscale and the Executive and Social Function
subscale were normed continuous scores derived from Rasch analysis. 44 Limitations in the Risk
Behaviors subscale included weak psychometric properties determined via Rasch analysis in our
sample of adolescents with mTBI and a large proportion of the sample that endorsed no risk
behaviors (43.0%). 4 Given the limitations in this subscale, scores were dichotomized between
those endorsing no risk behaviors and those endorsing any risk behavior, rather than converted to
normed continuous scores. Other measures included loss of consciousness (Y/N), prior
psychiatric diagnosis (Y/N), history of prior head injury (Y/N), SES as represented by insurance
payor (Medicaid/CHIP and no insurance versus commercial insurance), gender, time since most
recent injury (days), and age at first concussion. Due to a small subgroup of adolescents having

no insurance (n=4) the no insurance and Medicaid/CHIP groups were combined.

Analyses
Descriptive analyses were conducted to characterize the sample. We then conducted

linear regressions on the Rasch-adjusted scores for the Negative Affect and Fatigue subscale and
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for the Executive and Social Function subscale of the BAST-A.** We conducted a logistic
regression (any risk behaviors versus no risk behaviors) on the Risk Behaviors subscale of the
BAST-A, as norms could not be extrapolated in a previous study.** Covariates in each regression
included injury-related factors (loss of consciousness, time since injury, age at first concussion,
previous head injury history) and personal factors (insurance payor, gender, prior psychiatric

diagnoses, and number of ECQs).

Results
Participant Characteristics

Participants (N = 107) were adolescents aged 12-17, with a mean of 14.43 years. Mean
time from injury to initial clinic visit was just over a week (7.70 days, SD=6.77), and time from
injury to BAST-A completion was 3-4 months. Participants were mostly White (81%) and just
over half were female (54.3%). Most of the injuries were sports-related (74.1%). Participants, on
average, had their first concussion at 13.59 years of age. Of the participants included in the
sample, 30.2% indicated that they had a previous concussion and only a small number reported
LOC at the time of concussion (n=15, 12.9%). Regarding personal factors, most of the
participants were covered by commercial insurance (82.2%), and some indicated that they had a
preinjury psychiatric disorder (15.5%). Compared to the general population, rates of
psychological disorders are representative because roughly 20% of adolescents have a
diagnosable psychological condition. > The mean number of stressful life events endorsed was
1.49, and the maximum score was seven out of a possible 30. A majority of the participants

(60.7%) endorsed one or more stressful life events. See Table 1.
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We also assessed types of ECQs endorsed by participants to better determine which
stressful life events were being reported more frequently. ECQs related to challenges at school
were reported most often in this sample. Specifically, failing a test/project (27.1%) and problems
at school (11.2%) were two of the ECQs that were most often endorsed. Additionally, ECQs
related to injury were endorsed by some participants. For example, frequent headaches or pain
(9.3%) and personal injury/illness (6.5%) were also reported by some of the adolescents. Other
notable ECQs in this sample that were endorsed were Injury/Iliness of a Family Member/Friend,
Violence on a National/Global Level, Change of School, Break-Up, Racism or Discrimination,

Use of Assistive/Mobile Technology, etc. See Figure 1.

Linear and Logistic Regressions

Linear regressions were conducted on the Negative Affect and Fatigue and Executive and
Social Function subscales to assess the contribution of injury-related and personal predictors to
persistent symptoms in these domains. The model for Negative Affect and Fatigue was
significant (F (8,93) =6.09, p<.001) and all factors in the model accounted for 28.7% of the
variance in Negative Affect and Fatigue symptoms. The strongest relative predictors in the
model were gender (Bstana=-.314, p=.001) and total ECQs (Bstand=.414, p<.001), indicating that
females and those with a greater number of stressful life events reported more frequent
symptoms. The model for Executive and Social Function was also significant (F (8,93) = 2.18,
p=.036) and accounted for 8.5% of the variance in symptoms. The strongest relative predictors
were insurance payor (Bstand=-.269, p=.009) and total ECQs (Bstand=.234, p=.020), indicating that
those with Medicaid/CHIP or no insurance and those with a greater number of stressful life

events reported more frequent symptoms. A binomial logistic regression was conducted on the
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Risk Behaviors subscale. The model was significant [y?(8) = 18.84, p=.016.] and accounted for
22.7% of the variance in reported risk behaviors. Individually, total number of ECQs (Exp
(B)=1.64, p=.005) was significant in the model. This means that, holding all other predictors
constant, we would see a 64% increase in the odds of endorsing Risk Behaviors for a one-point
increase in ECQs. Insurance payor was also significant in the model (Exp (B)=.220, p=.021).
This suggests that those who have Medicaid/CHIP or no insurance had a reduction of 78% in the

odds of endorsing Risk Behaviors than those with commercial insurance. See Tables 2 and 3.

Discussion

The specific aim of the current study was to establish a combination of injury-related and
personal factors that were predictive of persistent symptoms and this aim was accomplished.
However, our hypotheses were not supported, as many of the injury and personal factors were
not individually predictive of persistent symptoms when controlling for other factors. Only total
number of recent stressful life events was predictive across all models.

Analyses revealed that the most important predictor of neurobehavioral symptoms was
the number of stressful life events experienced by adolescents in the past six months. Recent
stressful life events may be more associated with neurobehavioral symptoms over other personal
and injury-related factors. These stressors may be influencing symptom reporting beyond or
independently of the injury. For example, if these predictors were to be tested in adolescents
without mTBI, we may see similar patterns, as stressful life events could impact symptoms
contained in the Negative Affect and Fatigue, Executive Function, and Risk Behaviors subscales.
Alternatively, the injury may interact with or influence stressful life events to contribute to

neurobehavioral symptoms. Specifically, prior research indicates that stressful life events may
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prime individuals with mTBI to experience poor outcomes.*® These findings are supported by
other research on stress after injury and positive coping styles 448 and suggest the need for more
research to understand the complexities of relationships between the injury and outside factors.
Beyond stressful life events, females endorsed more Negative Affect and Fatigue than
males and those with Medicaid/CHIP coverage or no insurance expressed more Executive and
Social Function challenges. Findings with insurance payor and executive and social function
symptoms may suggest potential health disparities, as our sample with commercial insurance
was mostly White (86.4%). Our sample of those with Medicaid/CHIP coverage or no insurance
was much smaller (n=19). However, compared to those with commercial insurance, our sample
of adolescents with Medicaid/CHIP coverage or no insurance consisted of more Black
adolescents (36.8%). As insurance was our proxy for socioeconomic status, our findings could
suggest a link between lower socioeconomic status and more frequent executive and social
function symptoms. Regarding socioeconomic differences, there is mixed literature, with some
studies indicating SES does not play a role in symptoms following concussion 26° and others
suggesting that lower SES is associated with higher ratings of self-reported cognitive
challenges.*® While we know that systemic factors disproportionately affect ethnoracial
minorities, we were unable to test this directly. This study was not designed to test why
insurance payor would affect self-reported executive function and social symptoms. Given that
our sample was mostly white and privately insured, testing the effects of systemic racism (such
as access to insurance and other factors) on social and executive function symptoms is necessary.
We also found that those with commercial insurance reported more Risk Behaviors
compared to those with Medicaid/CHIP or no insurance. Though type of insurance may indicate

a number of things about an adolescent, it is often used as a proxy indicator of socioeconomic
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status. Research on the relationship between socioeconomic status and risk behaviors varies.%0-52
However, findings from one study indicated that adolescents of families with a higher
socioeconomic status reported more substance use.>® This is consistent with our findings, as the
BAST-A Risk behaviors subscale in our study includes items about substance use (i.e., | drank, |
smoked, etc.). However, our sample size for Medicaid/CHIP/no insurance was small (n=19), and
adolescent risk behaviors are multi-dimensional,>*->" so these findings should be tested more in
future research.

Regarding gender, differences in symptom report could suggest that females experience
more mood and fatigue related symptoms. Specifically, in adolescent sports concussion, females
tend to report more mood symptoms initially than males®®°! and adolescent females generally
report more total symptoms than males.>? Some research suggests that females report more
symptoms than males because of a desire for males to conform to masculine gender roles 5354 or
changes in hormones.>! The current study supports the need for further research on gender
differences and socioeconomic differences in adolescent concussion because of findings related
to gender and insurance payor.

While there is some inconsistency regarding predictors of concussion recovery*®
generally, factors such as LOC, history of concussion, and pre-injury psychiatric diagnoses have
been found to predict persistent symptoms in a number of investigations. 36112932 However,
most studies on predictors have focused on self-reported concussion symptom measures as
outcomes %3133 These tools measure symptoms specific to concussion and may not capture
symptoms as a result of other factors (i.e., life stressors). While most of the popular concussion
symptom measures do capture different symptom domains (i.e., physical, emotional, cognitive,

etc.), they do not assess life stressors and may not capture symptoms related to daily functioning
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in adolescents (e.g., “I planned ahead” or “I hung out with my friends”). Comparatively, the
BAST-A may continue to measure symptoms even after initial post-concussive symptoms have
resolved. Prior work in emotional and behavioral symptoms suggests the need to assess an
individual while keeping overlapping symptom domains in mind.> Our work in a sample of
adolescents with concussion similar to the current study indicated that LOC, pre-injury
psychiatric diagnoses, prior concussion, age at first concussion, and time since injury were
associated with Negative Affect and Fatigue and with Executive and Social Function. °¢
However, that study used averages of the 1-5 ordinal scale for the BAST-A subscales, rather than
Rasch-adjusted continuous scores; it also included individuals with longer time since injury.
Longer time since injury in the previous study may have been associated with persistent
symptoms as adolescents were included more than 30 days post-injury. Using averages for the
subscale scores may have also enabled higher scores on certain items to influence the overall
average scores. The previous study also did not include ECQs and these factors were
significantly predictive of persistent neurobehavioral symptoms. As such, these factors may be
highly associated with ECQs and future analyses could assess the role of ECQs in relation to
other injury and pre-injury factors.

The current findings add to the literature indicating that recent life stressors play an
important role in concussion recovery. Previous studies in children and adolescents indicated that
parental stress was predictive of post-concussive symptoms®” and that life stressors for those
with sports-related concussion were associated with persistent symptoms.33 Our findings add to
this literature by indicating that recent life stressors (including stressors associated with
household/parental distress such as “a family member leaving the home” or “increase in financial

stress”) were associated with persistent neurobehavioral symptoms in adolescents. Moreover,
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prior research suggests that stress directly impacts reports of post-concussion symptom reporting
in adults and that severity of symptoms was directly related to amount of stress (specifically
perceived stress). %8

The results from this study suggest the need for early holistic assessment of adolescents
with concussion, including the assessment of personal and non-injury related factors, in
determining who is more at risk for persistent symptoms. In future studies, exploring the
relationship between pre-injury factors and persistent symptoms is also needed. Being aware of
pre-injury factors in a newly-injured adolescent may assist clinicians in treating modifiable
factors (i.e., mood symptoms or family support) in order to lessen the experience of persistent

symptoms.

Limitations

A significant limitation of our study was our lack of a control group. As such, we were
unable to compare number of stressful life events and other factors reported by our sample
versus those reported by a non-brain injury adolescent sample. While some research reports base
rates for psychological diagnoses > we did not have base rate data from other studies on
psychological diagnoses or stressful life events and this was another limitation of our study.
Additionally, all factors (insurance payor, LOC, age at first concussion, gender, prior psychiatric
diagnoses, history of prior head injury, time since injury, and recent stressful life events) within
the study accounted for a significant portion of variance for social science research (roughly 8.5-
28.7% depending on the subscale).>® However, there was still a significant amount of variance
especially in Executive and Social Function that remained unaccounted for indicating that these

symptoms could be due to other variables not included in the analyses. Other factors more
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specific to these symptoms (i.e., post-traumatic amnesia, cognitive functioning, etc.) may need to
be included in future research.

We used insurance payor as a proxy for socioeconomic status and a limitation of our
work is that this factor may not be directly related to SES. Composite scores that consist of
multiple variables related to SES (e.g., income, insurance, education, etc.) are sometimes
preferred in assessing SES, and this may be a limitation of the study.?6:¢° While insurance source
may not be a direct indication of socioeconomic status, research indicates that insurance payor
source may be directly related to health outcomes.5%62

Lastly, this research relied on self-report from adolescents regarding persistent
neurobehavioral symptoms and reports from both adolescents and their parents about the
adolescent’s concussion history and events related to their concussion. This is a limitation of our
study as self-report of neurobehavioral symptoms could be affected by adolescents who
purposefully do not report symptom or adolescents that sustain multiple concussions and have
difficulty recalling events. One study identified many instances of past mTBI were not recalled
when compared with medical records. 8 However, prior work indicates that adolescents can
reliably self-report concussion history. ¢ Adolescents can also accurately report their experience
of their symptoms and these reports may provide additional context in treatment and

management®%6 and may lead to faster symptom resolution.

Future Directions
Future research should focus on a larger sample of adolescents with mild TBI from more
diverse mechanisms of injury in order to capture any potential differences in predictors based on

mechanism. Most importantly, future work should focus on the relationships between the injury,
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stressful life events, and persistent symptoms in adolescents with mTBI in larger and more
diverse samples. Some preliminary evidence has suggested an association between types of
ECQs (i.e., relationships, school, etc.) and scores on the BAST-A and measures of mood
symptoms (i.e., Patient Health Questionnaire-8 and Generalized Anxiety Disorder-7).6” Further
assessment of implications of certain life stressors (i.e., school stressors or headaches/pain due to
the concussion) may be warranted. For better and more direct indicators of socioeconomic status,
future work could use geocoding and assess census-tract data as representations of income and

SES.
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Table 1 Participant Characteristics (n=107)

Mean (Range)

Age
Time Since Injury

14.33 (12-17)
7.70 days (0-30 days)

Age at First Concussion 13.59 (4-19)
Number of ECQs 1.49 (0-7)
N (%)
Gender (Female) 63 (54.3)
Race (White) 94 (81.0)
Education
5th_7th 41(35.4)
gth-12th 73 (63.0)
Missing 2(1.8)
Mechanism
Sports-Related 86 (74.1)
Motor Vehicle Accident 4 (3.4)
Hit 13 (11.2)
Fall 11 (9.5)
Assault 2(1.7)
Insurance Payor
Medicaid/CHIP/No Insurance/Self-Pay 19 (17.8)
Commercial 88 (82.2)
Previous Concussion (Yes) 35(30.2)
LOC (Yes) 15 (12.9)
Preinjury Psych (Yes) 18 (15.5)

ECQs= Environmental Context Questions. LOC= Loss of Consciousness.
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Figure 1: Frequency of ECQs
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Table 2 Linear Regressions of Personal and Injury-Related Predictors for Negative Affect and Fatigue and Social and Executive Function

Negative Affect Social and Executive Function
and Fatigue
B Pstand P B Bstand P
Intercept - <.001 Intercept - <.001
LOC -4.00 140 120 LOC 115 .004 .969
Age at first concussion .306 .068 470 Age at first concussion 072 .015 .884
Gender -6.37 -.314 .001 Gender 1.03 .049 .623
Insurance Payor -2.83 -.105 244 Insurance Payor -7.53 -.269 .009
Psychiatric Disorder -1.15 -.043 .644 Psychiatric Disorder 3.43 123 241
Previous Head Injury -.033 -.001 .987 Previous Head Injury -.237 -.010 922
Time Since Injury .007 .005 .956 Time Since Injury .036 .023 814
Total ECQs 241 414 <.001  Total ECQs 1.41 234 .020
2— 2—
22;?:%87 <.001 22;1-1:5.885 036

ECQs= Environmental Context Questions. LOC= Loss of Consciousness. LOC, Psychiatric Disorder, and Previous Concussion were all dichotomized
yes/no variables. ECQs were based on the total raw score. Insurance payor was a categorical variable consisting of Medicaid/CHIP or no insurance

versus commercial insurance.




Table 3 Binomial Logistic Regression of Injury-Related and Personal Predictors
for Risk Behaviors

Risk Behaviors

p Exp(B) P

Age at First Concussion -.076 .926 494
LOC (Yes) .805 2.24 218
Insurance (Commercial) -1.52 220 021
Gender (Male) -.389 .678 401
Psychiatric Disorder (Yes) .508 1.66 422
Time Since injury .032 1.03 .353
Previous Head Injury (Yes) .604 1.83 .260
Total ECQ 492 1.64 .005
Negelkerke R? 227

Cox & Snell R? 169

-2 Log likelihood 120.05

No. of observations 107

Chi-square 18.84

ECQs= Environmental Context Questions. LOC= Loss of Consciousness. LOC, Psychiatric
Disorder, and Previous Concussion were all dichotomized yes/no variables. ECQs were based on
the total raw score. Insurance payor was a categorical variable consisting of Medicaid/CHIP or
no insurance versus commercial insurance.

76



77
References

1. Ponsford J, Willmott C, Rothwell A, et al. Impact of Early Intervention on Outcome
After Mild Traumatic Brain Injury in Children. Pediatrics. 2001;108(6):1297-1303.
d0i:10.1542/peds.108.6.1297

2. Barlow KM, Crawford S, Stevenson A, Sandhu SS, Belanger F, Dewey D.
Epidemiology of Postconcussion Syndrome in Pediatric Mild Traumatic Brain Injury.
Pediatrics. 2010;126(2):e374-e381. doi:10.1542/peds.2009-0925

3. Barlow KM. Postconcussion Syndrome: A Review. J Child Neurol. 2016;31(1):57-67.
d0i:10.1177/0883073814543305

4. Vidal PG, Goodman AM, Colin A, Leddy JJ, Grady MF. Rehabilitation Strategies for
Prolonged Recovery in Pediatric and Adolescent Concussion. Pediatr Ann. 2012;41(9):1-7.
d0i:10.3928/00904481-20120827-10

5. Quinn DK, Mayer AR, Master CL, Fann JR. Prolonged Postconcussive Symptoms.
AJP. 2018;175(2):103-111. doi:10.1176/appi.ajp.2017.17020235

6. Ewing-Cobbs L, Cox CS, Clark AE, Holubkov R, Keenan HT. Persistent
Postconcussion Symptoms After Injury. Pediatrics. 2018;142(5):e201809309.
doi:10.1542/peds.2018-0939

7. King NS. Post-concussion syndrome: clarity amid the controversy? Br J Psychiatry.
2003;183(4):276-278. d0i:10.1192/bjp.183.4.276

8. Graham R, Rivara FP, Ford MA, Mason Spicer C. Treatment and management of
prolonged symptoms and post-concussion syndrome. Sports-Related Concussion in Youth:
Improving the Science, Changing the Culture. 2013.

9.  Mullally WJ. Concussion. The American Journal of Medicine. 2017;130(8):885-892.
doi:10.1016/j.amjmed.2017.04.016

10. Polinder S, Cnossen MC, Real RGL, et al. A Multidimensional Approach to Post-
concussion Symptoms in Mild Traumatic Brain Injury. Front Neurol. 2018;9:1113.
doi:10.3389/fneur.2018.01113

11. Ryan LM, Warden DL. Post concussion syndrome. International Review of Psychiatry.
2003;15(4):310-316. doi:10.1080/09540260310001606692

12. Nelson LD, Tarima S, LaRoche AA, et al. Preinjury somatization symptoms contribute
to clinical recovery after sport-related concussion. Neurology. 2016;86(20):1856-1863.
d0i:10.1212/WNL.0000000000002679



78

13. Root JM, Zuckerbraun NS, Wang L, et al. History of Somatization Is Associated with
Prolonged Recovery from Concussion. The Journal of Pediatrics. 2016;174:39-44.e1.
doi:10.1016/j.jpeds.2016.03.020

14. Luis CA, Mittenberg W. Mood and Anxiety Disorders Following Pediatric Traumatic
Brain Injury: A Prospective Study. Journal of Clinical and Experimental Neuropsychology.
2002;24(3):270-279. doi:10.1076/jcen.24.3.270.982

15. Max JE, Ch MBB, Schachar RJ, et al. Psychiatric Disorders in Children and
Adolescents in the First Six Months After Mild Traumatic Brain Injury. J Neuropsychiatry
Clin Neurosci. Published online 2013:11.

16. Grubenhoff JA, Currie D, Comstock RD, Juarez-Colunga E, Bajaj L, Kirkwood MW.
Psychological Factors Associated with Delayed Symptom Resolution in Children with
Concussion. The Journal of Pediatrics. 2016;174:27-32.e1. do0i:10.1016/j.jpeds.2016.03.027

17. Grubenhoff JA, Deakyne SJ, Comstock RD, Kirkwood MW, Bajaj L. Outpatient
follow-up and return to school after emergency department evaluation among children with
persistent post-concussion symptoms. Brain Injury. 2015;29(10):1186-1191.
d0i:10.3109/02699052.2015.1035325

18. Taylor HG, Dietrich A, Nuss K, et al. Post-concussive symptoms in children with mild
traumatic brain injury. Neuropsychology. 2010;24(2):148-159. doi:10.1037/a0018112

19. Iverson GL, Gardner AJ, Terry DP, et al. Predictors of clinical recovery from
concussion: a systematic review. Br J Sports Med. 2017;51(12):941-948.
doi:10.1136/bjsports-2017-097729

20. McCauley SR, Wilde EA, Anderson VA, et al. Recommendations for the Use of
Common Outcome Measures in Pediatric Traumatic Brain Injury Research. Journal of
Neurotrauma. 2012;29(4):678-705. doi:10.1089/neu.2011.1838

21. Finnanger TG, Olsen A, Skandsen T, et al. Life after adolescent and adult moderate and
severe traumatic brain injury: self-reported executive, emotional, and behavioural function 2-
5 years after injury. Behavioural Neurology. Published online 2015.
d0i:10.1155/2015/329241

22. Nelson LD, Guskiewicz KM, Barr WB, et al. Age Differences in Recovery After Sport-
Related Concussion: A Comparison of High School and Collegiate Athletes. Journal of
Athletic Training. 2016;51(2):142-152. doi:10.4085/1062-6050-51.4.04

23. Davis GA, Anderson V, Babl FE, et al. What is the difference in concussion
management in children as compared with adults? A systematic review. Br J Sports Med.
2017;51(12):949-957. doi:10.1136/bjsports-2016-097415



79

24. Zemek RL, Farion KJ, Sampson M, McGahern C. Prognosticators of Persistent
Symptoms Following Pediatric Concussion: A Systematic Review. JAMA Pediatr.
2013;167(3):259. doi:10.1001/2013.jamapediatrics.216

25. Howell DR, Potter MN, Kirkwood MW, Wilson PE, Provance AJ, Wilson JC. Clinical
predictors of symptom resolution for children and adolescents with sport-related concussion.
Journal of Neurosurgery: Pediatrics. 2019;24(1):54-61. doi:10.3171/2018.11.PEDS18626

26. Zuckerman SL, Zalneraitis BH, Totten DJ, et al. Socioeconomic status and outcomes
after sport-related concussion: a preliminary investigation. J Neurosurg Pediatr.
2017;19(6):652-661. d0i:10.3171/2017.1.PEDS16611

27. Roy D, Peters ME, Everett A, et al. Loss of consciousness and altered mental state
predicting depressive and post-concussive symptoms after mild traumatic brain injury. Brain
Injury. 2019;33(8):1064-1069. doi:10.1080/02699052.2019.1606447

28. Hart T, Novack TA, Temkin N, et al. Duration of Posttraumatic Amnesia Predicts
Neuropsychological and Global Outcome in Complicated Mild Traumatic Brain Injury.
Journal of Head Trauma Rehabilitation. 2016;31(6):E1-E9.
d0i:10.1097/HTR.0000000000000210

29. Fehr SD, Nelson LD, Scharer KR, et al. Risk Factors for Prolonged Symptoms of Mild
Traumatic Brain Injury: A Pediatric Sports Concussion Clinic Cohort. Clinical Journal of
Sport Medicine. 2019;29(1):11-17. doi:10.1097/JSM.0000000000000494

30. Rabinowitz AR, Li X, McCauley SR, et al. Prevalence and Predictors of Poor Recovery
from Mild Traumatic Brain Injury. Journal of Neurotrauma. 2015;32(19):1488-1496.
d0i:10.1089/neu.2014.3555

31. Babcock L, Byczkowski T, Wade SL, Ho M, Mookerjee S, Bazarian JJ. Predicting
Postconcussion Syndrome After Mild Traumatic Brain Injury in Children and Adolescents
Who Present to the Emergency Department. JAMA Pediatr. 2013;167(2):156.
doi:10.1001/jamapediatrics.2013.434

32. Scopaz KA, Hatzenbuehler JR. Risk Modifiers for Concussion and Prolonged
Recovery. Sports Health. 2013;5(6):537-541. doi:10.1177/1941738112473059

33. Morgan CD, Zuckerman SL, Lee YM, et al. Predictors of postconcussion syndrome
after sports-related concussion in young athletes: a matched case-control study. J Neurosurg
Pediatr. 2015;15(6):589-598. d0i:10.3171/2014.10.PEDS14356

34. Ganesalingam K, Yeates KO, Ginn MS, et al. Family Burden and Parental Distress
Following Mild Traumatic Brain Injury in Children and its Relationship to Post-concussive
Symptoms. Journal of Pediatric Psychology. 2007;33(6):621-629.
doi:10.1093/jpepsy/jsm133



80

35. Zemek R, Barrowman N, Freedman SB, et al. Clinical Risk Score for Persistent
Postconcussion Symptoms Among Children With Acute Concussion in the ED. JAMA.
2016;315(10):1014. doi:10.1001/jama.2016.1203

36. Ransom DM, Burns AR, Youngstrom EA, Vaughan CG, Sady MD, Gioia GA.
Applying an Evidence-Based Assessment Model to Identify Students at Risk for Perceived
Academic Problems following Concussion. J Int Neuropsychol Soc. 2016;22(10):1038-1049.
d0i:10.1017/S1355617716000916

37. Vikane E, Frgyland K, Nass HL, ABmus J, Skouen JS. Predictors for Psychological
Distress 2 Months After Mild Traumatic Brain Injury. Front Neurol. 2019;10:639.
doi:10.3389/fneur.2019.00639

38. Lambregts SAM, Smetsers JEM, Verhoeven IMAJ, et al. Cognitive function and
participation in children and youth with mild traumatic brain injury two years after injury.
Brain Injury. 2018;32(2):230-241. doi:10.1080/02699052.2017.1406990

39. Cullum CM, Bunt S, Hicks C, et al. The North Texas Concussion Registry (ConTex).
BMJ Open. 2020;10(1):e032345. doi:10.1136/bmjopen-2019-032345

40. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic
data capture (REDCap)—A metadata-driven methodology and workflow process for
providing translational research informatics support. Journal of Biomedical Informatics.
2009;42(2):377-381. doi:10.1016/}.jbi.2008.08.010

41. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an
international community of software platform partners. Journal of Biomedical Informatics.
2019;95:103208. doi:10.1016/j.jbi.2019.103208

42. 1BM Corp Released 2020. IBM Statistics for Macintosh, Version 27.0. Armonk, NY:
IBM Corp.

43. Juengst SB, Kajankova M, Wright B, Terhorst L. Factor analysis of the adolescent
version of the Behavioral Assessment Screening Tool (BAST-A) in adolescents with
concussion. Brain Injury. 2021; 35(1):130-137. doi: 10.1080/02699052.2020.1857838

44. Wright B, Terhorst L, Cullum M, et al. Rasch analysis of the Behavioral Assessment
Screening Tool for Adolescents (BAST-A) in mild traumatic brain injury. Manuscript in
preparation.

45. Merikangas KR, He J, Burstein M, et al. Lifetime Prevalence of Mental Disorders in
U.S. Adolescents: Results from the National Comorbidity Survey Replication—Adolescent
Supplement (NCS-A). Journal of the American Academy of Child & Adolescent Psychiatry.
2010;49(10):980-989. d0i:10.1016/j.jaac.2010.05.017


https://doi.org/10.1080/02699052.2020.1857838

81

46. van Veldhoven LM, Sander AM, Struchen MA, et al. Predictive ability of preinjury
stressful life events and post-traumatic stress symptoms for outcomes following mild
traumatic brain injury: analysis in a prospective emergency room sample. Journal of
Neurology, Neurosurgery & Psychiatry. 2011;82(7):782-787. doi:10.1136/jnnp.2010.228254

47. van der Naalt J, Timmerman ME, de Koning ME, et al. Early predictors of outcome
after mild traumatic brain injury (UPFRONT): an observational cohort study. The Lancet
Neurology. 2017;16(7):532-540. doi:10.1016/S1474-4422(17)30117-5

48. Ponsford J, Willmott C, Rothwell A, et al. Factors influencing outcome following mild
traumatic brain injury in adults. J Int Neuropsychol Soc. 2000;6(5):568-579.
d0i:10.1017/S1355617700655066

49. Lempke LB, Rawlins MLW, Anderson MN, Miller LS, Lynall RC, Schmidt JD. The
Influence of Socioeconomic Status and Academic Standing on Concussion-Reporting
Intentions and Behaviors in Collegiate Athletes. Health Promotion Practice.
2020:152483992092028. d0i:10.1177/1524839920920289

50. Hanson MD, Chen E. Socioeconomic Status and Health Behaviors in Adolescence: A
Review of the Literature. J Behav Med. 2007;30(3):263-285. doi:10.1007/s10865-007-9098-
3

51. Hanson MD, Chen E. Socioeconomic Status and Substance Use Behaviors in
Adolescents: The Role of Family Resources versus Family Social Status. J Health Psychol.
2007;12(1):32-35. d0i:10.1177/1359105306069073

52. Tinner L, Caldwell D, Hickman M, et al. Examining subgroup effects by socioeconomic
status of public health interventions targeting multiple risk behaviour in adolescence. BMC
Public Health. 2018;18(1):1180. doi:10.1186/s12889-018-6042-0

53. Sinha JW, Cnaan RA, Gelles RJ. Adolescent risk behaviors and religion: Findings from
a national study. Journal of Adolescence. 2007;30(2):231-249.
doi:10.1016/j.adolescence.2006.02.005

54. Blum, RW, Beuhring, T, Shew, M, Bearinger, LH, Sieving, RE, Resnick, MD.The
effects of race/ethnicity, income, and family structure on adolescent risk behaviors. Am J
Public Health. 2000;90(12):1879-1884. doi:10.2105/AJPH.90.12.1879

55. Dumas TM, Ellis WE, Wolfe DA. Identity development as a buffer of adolescent risk
behaviors in the context of peer group pressure and control. Journal of Adolescence.
2012;35(4):917-927. doi:10.1016/j.adolescence.2011.12.012

56. Wolff JM, Crockett LJ. The Role of Deliberative Decision Making, Parenting, and
Friends in Adolescent Risk Behaviors. J Youth Adolescence. 2011;40(12):1607-1622.
d0i:10.1007/s10964-011-9644-8



82

57. Bunt S, Didehbani N, LoBue C, et al. Sex differences in reporting of concussion
symptoms in adults. The Clinical Neuropsychologist. Published online 2020:1-14.

58. Moser RS, Olek L, Schatz P. Gender Differences in Symptom Reporting on Baseline
Sport Concussion Testing Across the Youth Age Span. Archives of Clinical
Neuropsychology. 2019;34(1):50-59. doi:10.1093/arclin/acy007

59. Hannah TC, Li AY, Spiera Z, et al. Sex-Related Differences in the Incidence, Severity,
and Recovery of Concussion in Adolescent Student-Athletes Between 2009 and 2019. Am J
Sports Med. 2021;49(7):1929-1937. doi:10.1177/03635465211008596

60. Kroshus E, Baugh CM, Stein CJ, Austin SB, Calzo JP. Concussion reporting, sex, and
conformity to traditional gender norms in young adults. J Adolesc. 2017;54:110-119.
doi:10.1016/j.adolescence.2016.11.002

61. Mollayeva T, EI-Khechen-Richandi G, Colantonio A. Sex & gender considerations in
concussion research. Concussion. 2018;3(1):CNC51. doi:10.2217/cnc-2017-0015

62. Juengst SB, Terhorst L, Dicianno BE, Niemeier JP, Wagner AK. Development and
content validity of the behavioral assessment screening tool (BAST ). Disability and
Rehabilitation. 2019;41(10):1200-1206. doi:10.1080/09638288.2017.1423403

63. Wright B, Didehbani N, Wang J, Barshikar S, Juengst SB. Premorbid and Injury Factors
as Predictors of Neurobehavioral and Emotional Functioning in Adults versus Adolescents
following mild TBI. Manuscript in preparation.

64. Bernard CO, Ponsford JA, McKinlay A, McKenzie D, Krieser D. Predictors of Post-
concussive Symptoms in Young Children: Injury versus Non-injury Related Factors. J Int
Neuropsychol Soc. 2016;22(8):793-803. doi:10.1017/S1355617716000709

65. Machulda MM, Bergquist TF, Ito V, Chew S. Relationship Between Stress, Coping, and
Postconcussion Symptoms in a Healthy Adult Population. Archives of Clinical
Neuropsychology:1998; 13(5):415-424. doi: 10.1016/S0887-6177(97)00031-0

66. Ferguson CJ. An effect size primer: A guide for clinicians and researchers. Professional
Psychology: Research and Practice. 2009;40(5):532-538. doi:10.1037/a0015808

67. Swift EK, Institute of Medicine (U.S.), eds. Guidance for the National Healthcare
Disparities Report. The National Academies Press; 2002.

68. Mikhail JN, Nemeth LS, Mueller M, et al. The Association of Race, Socioeconomic
Status, and Insurance on Trauma Mortality. Journal of Trauma Nursing. 2016;23(6):347-356.
doi:10.1097/JTN.0000000000000246


https://doi.org/10.1016/S0887-6177(97)00031-0

83

69. McWilliams JM. Health Consequences of Uninsurance among Adults in the United
States: Recent Evidence and Implications: Health Consequences of Uninsurance. Milbank
Quarterly. 2009;87(2):443-494. doi:10.1111/j.1468-0009.2009.00564.x

70. McKinlay A, Horwood LJ, Fergusson DM. Accuracy of Self-report as a Method of
Screening for Lifetime Occurrence of Traumatic Brain Injury Events that Resulted in
Hospitalization. J Int Neuropsychol Soc. 2016;22(7):717-723.
d0i:10.1017/S1355617716000497

71. Wojtowicz M, Iverson GL, Silverberg ND, et al. Consistency of Self-Reported
Concussion History in Adolescent Athletes. Journal of Neurotrauma. 2017;34(2):322-327.
d0i:10.1089/neu.2016.4412

72. Waters E, Stewart-Brown S, Fitzpatrick R. Agreement between adolescent self-report
and parent reports of health and well-being: results of an epidemiological study: Parent and
child agreement on health status. Child: Care, Health and Development. 2003;29(6):501-509.
d0i:10.1046/].1365-2214.2003.00370.x

73. Riley AW. Evidence That School-Age Children Can Self-Report on Their Health.
Ambulatory Pediatrics. 2004;4(4):371-376. doi:10.1367/A03-178R.1

74. Wright B, Juengst SB. The relationship between stressful life events and
neurobehavioral symptoms following mTBI in adolescents. Poster presented at Rehabilitation
Psychology Conference; February 18, 2021; Virtual Conference.



CHAPTER FOUR
Conclusions

Though persistent symptoms affect a small subset of adolescents who experience a
mTBI, there are more adolescents that experience persistent symptoms as rates of mTBI in
adolescents are higher than most other age groups. Moreover, mTBI can affect many areas of an
adolescent’s daily life beyond the experience of physical symptoms as a result of the injury.
Adolescence is a time in which a mTBI could potentially impact identity development through
limiting an adolescent’s ability to socialize, participate, and gain feelings of self-efficacy.
Measures of additional life parameters beyond concussion symptoms alone are needed to
adequately capture adolescents’ experiences and may provide insight into why some individuals
continue to experience persistent symptoms following mTBI. Additionally, identifying predictors
of prolonged recovery in this population could lead to risk stratification of those more vs. less at
risk for neurobehavioral problems, which might have implications for clinical monitoring for
those at greater risk. Once identified, those individuals may need more follow-up visits and
targeted interventions for managing symptoms (e.g., psychological intervention, academic
accommodations, etc.).

The research in this dissertation adds further psychometric validation of a
neurobehavioral assessment tool that captures adolescents’ self-reported experiences and
provides continuous normed scores for Negative Affect and Fatigue and for Executive and Social
Function symptoms. Specifically, these subscales displayed unidimensionality, a wide range of
item difficulty, and appropriate targeting for the Executive and Social Function subscale and

targeting just over the threshold for the Negative Affect and Fatigue subscale. Rasch analysis of
84
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the Behavioral Assessment Screening Tool for Adolescents (BAST-A) also indicated multiple
strata of symptom severity for Negative Affect and Fatigue and for Executive and Social
Function. While some items were misfitting, we chose not to remove them until we can further
analyze how the subscales performed in a sample with a full spectrum of TBI. Additionally, the
misfitting symptoms likely represent overlap between subscales. However, one aim of the BAST
study was to create a multidimensional tool, so overlapping subscales may not be a limitation.

In our studies, the Risk Behaviors subscale did not display appropriate targeting for the
current sample and normed values could not be extrapolated. However, a large proportion of the
sample (43.0%) indicated never experiencing these symptoms and as a result our sample may not
be representative of all adolescents with mTBI, particularly those engaging in riskier behaviors.
The research conducted in Manuscript 1: “Rasch analysis of the Behavioral Assessment
Screening Tool for Adolescents (BAST-A) in mild traumatic brain injury” also highlights that
although measures may meet criteria for a “good measure” using classic test theory, there are
ways to improve upon the measure at the item-level and provide specific considerations for
administering measures to different samples even if the samples are similar (i.e., different groups
of adolescents with mTBI). Overall, this preliminary research paves the way for future work to
improve the BAST-A and to assess the psychometric properties of the tool in other groups of
adolescents with mTBI and those with more severe TBI.

Normed values obtained in Manuscript 1 for the Negative Affect and Fatigue and the
Executive and Social Function subscales were used as outcomes for Manuscript 2: “Predictors of
persistent neurobehavioral symptoms in adolescents with mild traumatic brain injury.” As
previously discussed, normed values could not be extrapolated from the Risk Behaviors subscale

due to a lack of endorsement across severity; however, Risk Behaviors items were dichotomized
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to any risk behaviors versus no risk behaviors. Results from Manuscript 2 indicated that stressful
life events (as measured by Environmental Context Questions) were associated with all three
subscales of the BAST-A: Negative Affect and Fatigue, Executive and Social Function, and Risk
Behaviors. Additionally, being female was associated with more Negative Affect and Fatigue
symptoms and insurance payor was associated with Executive and Social Function problems and
Risk Behaviors. The study also highlighted that regardless of associations between
neurobehavioral symptom domains and individual factors, injury-related factors (LOC, previous
concussion, time since injury, and age at first concussion) and personal factors (gender,
insurance payor, psychiatric diagnoses, and recent life stressors) together were significantly
associated with Negative Affect and Fatigue, Executive and Social Function, and Risk
Behaviors.

Overall, this sample consisted mostly of athletes. As such, this research may not be
generalizable to other groups with mTBI due to various mechanisms. Although by 3-4 months
post-injury, concussion symptoms were mild, when present, the results did suggest that the
BAST-A can capture adolescent neurobehavioral symptoms beyond traditional concussion
scales. This research also suggests that pre-injury/personal factors outside of the injury may be

contributing to the experience of persistent symptoms in adolescents.
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CHAPTER FIVE
Suggestions for Future Research

Future directions of research include testing the BAST-A in other samples with mTBI
and more severe TBI and expanding predictive modeling for self-reported symptoms. One aim of
future research should be to determine why a portion of the population of adolescents with mTBI
is indicating that they are not recovering from a concussion in typical fashion. First, research
should focus on psychometric evaluation and validation of tools such as the BAST-A in larger,
more representative samples that include individuals with different backgrounds, mTBI due to
different mechanisms, and people that are experiencing persistent symptoms. In future
applications of this work, we also will be assessing differences between various subgroups and
how these groups experience and endorse persistent symptoms.

Future work will also be focused on adding more predictors to the model (e.g., genetic
factors such as higher vs. lower levels of Brain Derived Neurotrophic Factor, psychological
resilience) and narrowing down factors to only variables that are predictive of persistent
symptoms in different domains (e.g., neurobehavioral functioning, emotional functioning,
specific symptom reports). The goal of the research on predictors is to develop a tool that can be
used by clinicians to input different risk factors and obtain probabilities for negative outcomes
(e.g., the experience of persistent symptoms in different domains). With this future research, we
may be able to determine who is more at risk for developing persistent symptoms in order to

reduce symptom burden and severity for adolescents.
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APPENDIX A

The BAST-A and Environmental Context Questions

Instructions: So that we can understand more about you and how you
react to different situations, please carefully read and respond to the
following statements. Think about how often you have experienced each
statement over the past two weeks. Then, circle the response that
corresponds to your answer.

Never Rarely Sometimes Often Very Often

Statements Scale

1. I avoided social activities Never Rarely Sometimes Often Very Often

If something seemed too
2. hard, I did not even try to Never Rarely Sometimes Often Very Often

do it.

I got into trouble at

Never Rarely Sometimes Often Very Often
school.

When something upset
4. me, I had a hard time Never Rarely Sometimes Often Very Often
letting it go.

5. I could not relax when I Never Rarely Sometimes Often Very Often

was upset.

I needed to rest or nap to

. Never Rarely Sometimes Often Very Often
g get through my day. Y i
7. L f.elt like I.dld not fit in Never Rarely Sometimes Often Very Often
with my friends.
8. |Iplanned ahead. Never Rarely Sometimes Often Very Often
9. I ate something during the Never Rarely Sometimes Often Very Often

day.

10. | I got frustrated easily. Never Rarely Sometimes Often Very Often
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Statements Scale
I limited my physical

11. | activities because of Never Rarely Sometimes Often Very Often
fatigue.

12. | Istruggled in school. Never Rarely Sometimes Often Very Often
I was able to pay attention

13. | to more than one thing at Never Rarely Sometimes Often Very Often
a time.

14. I fOllOW?d. t.h .rough on my Never Rarely Sometimes Often Very Often
responsibilities.

15. | I smoked. Never Rarely Sometimes Often Very Often

16. | I took unnecessary risks. Never Rarely Sometimes Often Very Often
I finished things that I

17, Never Rarel Sometimes Often Very Often

7+ | started. Y ry

18. I apOlOglzed when Idid Never Rarely Sometimes Often Very Often
something wrong.

19. | I talked to my friends. Never Rarely Sometimes Often Very Often

20. |Ilied or exaggerated. Never Rarely Sometimes Often Very Often

21. I hung out with my Never Rarely Sometimes Often Very Often
friends.

22, | I acted rudely. Never Rarely Sometimes Often Very Often

23. I thought about h ow Never Rarely Sometimes Often Very Often
others were feeling.
Statements Scale

24. I did things that made me Never Rarely Sometimes Often Very Often

feel embarrassed.
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I used drugs for non-

25. . Never Rarely Sometimes Often Very Often
5 | medical reasons. Y Y

26. | I was organized. Never Rarely Sometimes Often Very Often
I was able to adapt when

27, |things did not go as Never Rarely Sometimes Often Very Often
planned.
I understood how my

28. | actions made other people Never Rarely Sometimes Often Very Often
feel.

29. | I used tobacco. Never Rarely Sometimes Often Very Often
I felt too tired to finish

30. | tasks that required Never Rarely Sometimes Often Very Often
thinking.

31. | I felt overwhelmed. Never Rarely Sometimes Often Very Often

32. | I felt anxious. Never Rarely Sometimes Often Very Often

33. | I worried about things. Never Rarely Sometimes Often Very Often

34. | I had trouble sitting still. Never Rarely Sometimes Often Very Often
Statements Scale

35. I felt depressed or Never Rarely Sometimes Often Very Often
hopeless.

36. I did not enjoy a.CtItheS Never Rarely Sometimes Often Very Often
that I usually enjoy.

37. |Ifelt nervous. Never Rarely Sometimes Often Very Often

38. | I felt tired. Never Rarely Sometimes Often Very Often

39. | I had low energy. Never Rarely Sometimes Often Very Often
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I felt guilty about

40. | something I had said or Never Rarely Sometimes Often Very Often
done.

41. | Ifelt sad. Never Rarely Sometimes Often Very Often

42. | I got mad easily. Never Rarely Sometimes Often Very Often

43. I'laughed or cried without Never Rarely Sometimes Often Very Often
a good reason.

44. I had nightmares. Never Rarely Sometimes Often Very Often

45. | Ireacted without thinking. Never Rarely Sometimes Often Very Often

46. |1 felt lonely. Never Rarely Sometimes Often Very Often
I thought about something

. Never Rarel Sometimes Often Very Often

47 | 1 wanted to do. Y "

48. I did things that were Never Rarely Sometimes Often Very Often
unsafe.

49. | I forgot important things. Never Rarely Sometimes Often Very Often

50. i‘i}srted activities on my Never Rarely Sometimes Often Very Often

51. |Idrank alcohol. Never Rarely Sometimes Often Very Often
Thoughts got stuck in my

52. | head, and I could not stop Never Rarely Sometimes Often Very Often
thinking about them.

53. | I felt stressed. Never Rarely Sometimes Often Very Often

If 1 = Stop Here

If 2-5 = Continue

@111

When I was stressed, I

54. | asked people I trust for

help.

Never

Rarely Sometimes Often Very Often
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55

When I was stressed, I
wanted things I did not
need.

Never

Rarely

Sometimes

Often

Very Often

56.

When I was stressed, I
took my emotions out
on other people.

Never

Rarely

Sometimes

Often

Very Often

97

When I was stressed, I
was unable to make
decisions.

Never

Rarely

Sometimes

Often

Very Often

When I was stressed, I
went for a walk or
exercised.

Never

Rarely

Sometimes

Often

Very Often

59.

I went to sleep when I
felt stressed.

Never

Rarely

Sometimes

Often

Very Often

Environmental Context Questions

Instructions: Please answer the following questions to give us a better

understanding of the current stresses or problems you have experienced.

1. Have you experienced any of the following in the past 6 months?

Check all that apply.
[1 Change in drug/alcohol use

If YES: [ Increase

Loss of employment

Failed a test/project
Problems at school

N B B B

Promotion in employment
Change in occupation
Change in where you attend school

[] Decrease

Change in where you were living
Family member leaving home
Break-up from a significant other
Increase in financial stresses
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Death of a family member or close friend
Major personal injury/illness
Injury/illness of family member or close friend
Suicide of a family member or close friend
Death of a pet
Arrest or jail time
Minor violations of the law
Victim of a crime
Transportation accident
Other transportation problems

If YES, please list problem:
Natural disaster directly affecting you

I I B B

Violence in your community
Violence on a national or global level that has caused you stress
Repeated headaches or other pain
Pregnancy
Racism or other forms of social discrimination
Fear or concern related to immigration/citizenship issues
Family separation
Use of assistive or mobile technology to support daily
functioning
Pregnancy
1 Do you have a child/children/dependent(s)?
If YES, have any of these occurred in the last 3 months:
1 Birth or adoption of a child
1 Change in parental rights
1 Changes in childcare situation

I Y O B O B

]

2. Is there anything else that has recently significantly affected you?
1 Yes

1 No
If yes, please explain.
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3. Are you being treated by a doctor, counselor, rehabilitation therapist,
or other professional or do you feel you need additional support?
1 Yes
1 No
If yes, please explain.

4. What was your greatest problem or need over the past 2 weeks?

You have reached the end of this survey.
Thank you!
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