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GENERAL ABSTRACT

Traumatic brain injury (TBI) is an injury to the head resulting from a bump or blow,
which causes neurological impairment and disrupted consciousness or awareness. Severity of
TBI ranges from mild to severe, with mild TBI being fairly common in young people
between the ages of 0-25 years. While most young people will fully recover from TBI, a
select group will continue to experience ongoing behavioural, physical and psychological
problems. Childhood TBI can lead to difficulties with disruptive behaviours, inattention,
hyperactivity, and drug and alcohol use. Less is known regarding how anxiety and other

internalising difficulties (e.g. depression and withdrawal) manifest in such a population.

Individuals who have sustained a childhood TBI present with higher rates of most
anxiety disorders, with particular emphasis paid towards post-traumatic stress symptoms
given the traumatic nature of the injury. It appears that the risk of developing an anxiety
disorder appears to increase in the presence of certain social factors (e.g. psychosocial
adversity), biological factors (e.g. female gender, more severe injury), and psychological
vulnerabilities (e.g. concurrent depression or anxiety). However, there are only a handful of
research studies which focused on anxiety as an outcome of TBI in children and adolescents,
and as such, there remains gaps in the literature for why a certain sub-group of individuals

will develop anxiety later on in life, even after a seemingly minor injury.

Therefore, the present research aimed to examine the incidence and likelihood of
ongoing anxiety and other internalising behavioural problems in young people and adults
with a history of childhood TBI. The aim was to examine anxiety and other internalising
behavioural issues among three groups to explore short-term and long-term outcomes of TBI
that was sustained in childhood — that is, university students aged 18-25 years, children aged

5-15 years presenting in an outpatient mental health service, and a hospital-based sample of

VIl



adults older than 25 years who were admitted for an injury (head or orthopedic). Among
these samples history of TBI was explored, either obtained via self-report or parent-report
measures, or through hospital records, and ongoing problems were identified through
information from self-report or parent-report behavioural questionnaires, mental health file

reviews, or semi-structured interviews.

The present series of studies lend support to the existing literature which argues that
TBI sustained in childhood, particularly more severe TBI but also including mild TBI, leads
to ongoing anxiety (general, panic attacks, specific phobias), depression and somatic
concerns. The findings indicated that in the more short-term phase of injury, ongoing anxiety
is less apparent, as compared to long-term outcomes. Moreover, this finding highlights how
anxiety-related outcomes following TBI may be dependent on the population from which the
sample is derived. Examining long-term outcomes, individuals with a history of childhood
moderate-severe TBI performed poorer on cognitive measures of attention and memory, and
individuals with childhood mild TBI have worse executive functioning and overall frontal
lobe functioning, in comparison to orthopedic controls. However, findings indicated that

cognitive functioning was not related to anxiety disorders following TBI.

It appears that potential important predictors that increase the risk of developing
anxiety disorders after childhood TBI are the severity of TBI, being female, and having
overall deficits in frontal lobe functioning. Moreover, increased levels of apathy, behavioural
disinhibition, and executive dysfunction may be slightly protective of anxiety when
considered as individual factors. The thesis has examined outcomes and predictors for
anxiety disorders following childhood TBI, across samples derived from varying populations,
and has drawn together findings and conclusions for the development of an explanatory
theory regarding why some young people who sustain a TBI experience ongoing anxiety later
in life.

Vi



THESIS OVERVIEW

In line with Monash University guidelines, the experimental chapters are expanded written
work based on manuscripts that have been submitted for publication, which were prepared
separately for submission and expanded upon for inclusion in the thesis. As such there is

some unavoidable repetition of introductory comments and methodology.

Full published manuscripts are presented in the appendices. Each manuscript’s publication
status and name of the corresponding journal is outlined at the beginning of each chapter
where relevant. References are presented at the end of the thesis, rather than at the end of

each chapter and formatted in accordance with APA formatting rather than what is required

of each journal. Tables and headings have been re-numbered and structured to facilitate ease

of reading of the thesis.
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CHAPTER ONE: SYSTEMATIC REVIEW OF ANXIETY DISORDERS

FOLLOWING TBI

1.1.Introduction

Traumatic brain injury (TBI) is caused by a bump to the head, or by sudden
movement to the head and/or neck, resulting in neurological changes that affect normal brain
functioning (Albicini & McKinlay, 2014; Centers for Disease Control and Injury Prevention,
2013; Masel & DeWitt, 2010). Prevalence estimates vary depending on the source of the
statistics, however rates of TBI have been reported to be as high as ~30% in individuals aged
0-25 years from a New Zealand birth cohort (McKinlay et al., 2008). Among children
admitted to the emergency department (ED) of a Melbourne based hospital, TBI rates were
reported to be as high as 20% for children aged 0-16 years (Crowe, Babl, Anderson, &
Catroppa, 2009). Further, of these children, 89.1% were classified as mild, 7.9% as moderate
and 3.0% as severe injuries (Crowe et al., 2009). Given the rate of TBI in young people, any
accompanying negative effects associated with such an injury are likely to represent a
significant health concern and burden, and such problems require further review and

investigation to better understand what is required for rehabilitation and recovery.

There is consistent evidence that TBI can be accompanied by ongoing behavioural
deficits. Research has demonstrated that children with TBI are at an increased risk of long-
term externalising behaviour problems including increased hyperactivity, aggression and
conduct problems (Hawley, 2003; Liu & Li, 2013; Massagli et al., 2004; McKinlay,
Dalrymple-Alford, Horwood, & Fergusson, 2002; McKinlay, Grace, Horwood, Fergusson, &
MacFarlane, 2009; Schwartz et al., 2003). In addition, a higher incidence of psychiatric
disorders in children with TBI have been reported, including higher rates of Attention

Deficit/Hyperactivity Disorder (ADHD), Oppositional Defiant Disorder (ODD), drug abuse,



and personality change disorders (Max et al., 2013; Max et al., 2012). While it has been
established that TBI is associated with an increased rate of psychiatric disorders and
behavioural problems in children, this focus has tended to be on externalising behaviours. By
comparison, internalising disorders and in particular, anxiety disorders have been relatively
ignored within the literature when exploring the negative outcomes associated with childhood

TBI.

1.1.1. Definitions of TBI across severity levels

Severity of TBI refers to the extent of the disruption that has occurred to brain physiology
and the amount of neuroanatomical damage as a result of the blow (Corrigan, Selassie, &
Orman, 2010). It is most commonly assessed by the Glasgow Coma Scale (GCS), length of
post-traumatic amnesia (PTA) and duration of loss of consciousness (LOC) (American
Congress of Rehabilitation Medicine, 1993; Maas, Stochetti, & Bullock, 2008;
McKinlay, 2010). The GCS is usually considered the best indicator of TBI severity, and
measures severity across three domains — best motor and verbal responses, and eye opening,
with 15 indicating lowest severity of injury (Greenwood, 2002).

TBI can be classified as mild, moderate or severe (Corrigan et al., 2010). A TBI is
generally classified as severe when the patient presents with a GCS score of <8 (Baalen et
al., 2003), PTA lasting over seven days, and LOC for more than 24 hours (Corrigan et al.,
2010). Moderate TBI is defined by a GCS score of 9-13 (Baalen et al., 2003), PTA lasting
between one and seven days and LOC lasting 30 minutes-24 hours (Corrigan et al., 2010).
While there is poor consensus for the criteria associated with mild TBI (Albicini &
McKinlay, 2014), it is generally indicated when LOC lasts less than 30 minutes, a GCS of
13-15 after 30 minutes is recorded, and PTA lasts less than one day (American Congress of

Rehabilitation Medicine, 1993; Cassidy et al., 2004; Corrigan et al., 2010; McKinlay, 2010).



1.1.2. Research population groups
As mentioned above, prevalence rates of TBI will differ according to the

participant sample they are derived from. Therefore, behavioural and psychiatric
outcomes following TBI will also vary depending on different populations. TBI
outcome studies generally draw participants from a community-based or hospital-based
setting, and some recruit from clinical samples. Community-based samples include
those which recruit participants from the general population utilising flyers and other
advertisements (Hale, Raaijmakers, Muris, van Hoof, & Meeus, 2008; Hawley, Ward, &
Magnay, 2004; Liu & Li, 2013; Vanderploeg, Curtiss, Luis, & Salazar, 2007), whereby
TBI is recalled or identified based on retrospective accounts. Hospital-based samples
utilise ED and hospital admission records to obtain medical information regarding TBI
(Anderson, Brown, Newitt, & Hoile, 2009, 2011; Crowe et al., 2009; Max, Friedman, et
al., 2015), which allows for more accurate identification of injury. Clinical samples
include individuals presenting within a mental health service or other health-care
facility (DeBellis et al., 2000; Kurowski et al., 2013; Max & Dunisch, 1997; Max,
Sharma, & Qurashi, 1997), allowing for accurate and detailed diagnostic information
regarding behavioural and psychological functioning. Among the research, the majority
of childhood TBI outcome studies tend to use samples recruited from hospital
admissions and community-based groups, with a lack of focus examining clinical
samples. However, the method of recruitment is likely to highlight differing results, and
though outside the scope of this chapter, these differences will be highlighted and
discussed in later sections.
1.1.3. Rationale

As will be discussed, anxiety negatively affects all areas of function, which is

particularly important in the case of children, who are in a rapid state of developmental



change. Research has shown that exposure to events that produce chronic anxiety can
have long-term consequences by disrupting the developing architecture of the brain
(Arnsten, 2009; Brinks, deKloet, & Oitzl, 2008). It is therefore important that we
understand the impact of anxiety on outcomes following TBI in childhood as this will
provide a platform for appropriate intervention to promote a more positive result. Based
on the literature, this review will include three areas of research. The first will focus on
internalising behaviour problems following TBI in children and adolescents, considering
the comparative lack of interest in this area as compared to externalising problems. The
second, and major part of the review, will systematically review all original research
studies up until 2017 that have explored the relationship between TBI and anxiety
disorders in children and adolescents. The merit of each study will also be critically
analysed according to specified criteria outlined in a previous paper (Satz, 2001).

1.2. Internalising behaviour problems following TBI in children and adolescents

‘Internalising behavioural problems’ or ‘internalising disorders’ refer to psychiatric

symptoms and behaviours which tend to manifest ‘within the self’, cause stress and
impairment for the individual, and are usually dealt with internally, such as depression and
anxiety (Bayer et al., 2012). This is in contrast to ‘externalising behaviour problems’ or
‘externalising disorders’, which are symptoms and behaviours that are directed outwards, and
are usually visibly distressing, destructive and concerning for the individual, such as

aggression and hyperactivity (Bayer et al., 2012).

As mentioned above, the incidence, rate and profile of internalising disorders
following TBI in children has been relatively overlooked in the literature when compared to
that of externalising disorders. This lack of extant research may be because internalising
behaviours represent internal states of distress and therefore are not readily observed by

others, whereas externalising behaviours are directed outwardly and therefore tend to be more



visibly distressing and observable (Bayer et al., 2012). This difference in presentation of
difficulties may contribute to the lack of research in internalising disorders, given that
externalising problems experienced by children following TBI may be more readily reported
by parents. However, this does not explain why self-destructive internalising problems, such
as self-harm and suicidal behaviours, are also overlooked. Alternatively, the fact that males
present with higher rates of TBI than females (Crowe et al., 2009; McKinlay et al., 2008)
may also be a factor, considering that externalising disorders tend to be more common in
males (Bayer et al., 2012; Scott et al., 2015), while females are more likely to report
internalising problems (Scott et al., 2015). Put together, these findings would likely bias the

literature as externalising behaviours following TBI may be seen as a larger concern.

Some work has been conducted in the area of internalising disorders following TBI;
however a number of methodological concerns exist in the research and, in comparison to
studies investigating externalising behaviours, replication studies still need to be undertaken.
The research exploring the incidence of psychiatric disorders in general following TBI have
indicated that both symptoms and diagnoses of internalising behavioural problems, including
anxiety, depression, emotional and social withdrawal symptoms, are elevated in children and
adolescents post-injury (Karver et al., 2012; Liu & Li, 2013; Max et al., 2013; Max et al.,

2012).

For instance, a longitudinal, prospective study investigating the rate of novel (new
onset) psychiatric disorders three months after TBI in 141 children and adolescents (7-17
years when hospitalised) reported a rate of 49% suffering some novel disorder post-injury,
compared to 13% of the orthopedic injury (Ol) group (Max et al., 2012). Furthermore, when
examining separate diagnoses, in the TBI group 15% had developed a novel anxiety disorder,
8% reported novel depressive disorder, and 18% reported novel internalising disorders

(internally oriented distress and psychopathology), compared to the Ol group with 7.5%, 2%
5



and 9%, respectively. Moreover, in this sample, novel internalising disorders and novel
anxiety disorder were found to occur more frequently than ADHD and ODD (Max et al.,
2012). In support of this, in a sample of children aged 5-15 years with mild TBI, at six
months post-injury, novel psychiatric disorders occurred in 25/70 children, with 64% of these
classified as internalising disorders, and 36% of these as specific anxiety disorders (Max et
al., 2012). In contrast, McKinlay et al. (2009) also examined the rate of children suffering
from psychiatric disorders following inpatient and outpatient mild TBI, however found no
significant differences among TBI groups and the Ol group in the number of children
meeting diagnostic criteria for anxiety disorders. Differences among the studies may be due
to the methodology, such that Max et al. (2012) focussed on short-term behavioural problems
in children, whereas McKinlay et al. (2009) focussed on long-term effects of TBI; as such,
length of time since injury and accompanying psychiatric outcomes will be a factor of further

interest in this thesis.

Studies looking into behavioural functioning in general, without a focus on
internalising problems, also present similar findings as above. Karver et al. (2012) assessed
children, mean age of approximately five years, with mild to severe TBI over a 38 month
period to examine the impact of age at time of injury (TOI) on the presence of persistent
behavioural problems, compared to that of children with Ol. Assessments were conducted at
baseline and again at 38 months. Parent-report measures indicated that children with severe
TBI had clinically elevated behaviour problems for externalising, ADHD, internalising and
anxiety symptomatology at the extended follow-up (Karver et al., 2012). However, the study
did find that this relationship was not as strong for anxiety disorders as compared to ADHD
and other externalising behaviours (Karver et al., 2012). Liu and Li (2013) demonstrated that

increased internalising problems including anxious/depressed, somatic complaints, and being



withdrawn, were evident for pre-school children with only mild TBI, compared to children

with no injury (Liu & Li, 2013).

When reviewing studies which focus solely on the incidence of internalising disorders
following TBI, it is evident that the literature is limited further. One study targeted
internalising symptomatology of adolescents aged 12-17 years who had suffered from mild to
severe TBI within the previous six months (Peterson et al., 2013). Parental and child ratings
of internalising behavioural problems, via a behaviour rating scale were obtained, and the
results revealed that while parental reports of internalising problems were within the normal
range, 22-26% of the sample demonstrated clinically elevated internalising behaviour
problems (Peterson et al., 2013). Further, for maternal reports, female gender was associated
with higher levels of internalising problems, however this relationship did not exist for
paternal reports (Peterson et al., 2013). Alternatively, a study of adult outcomes following
pediatric TBI at age 1-17 years reports on increased rates of anxiety and internalising
disorders in individuals with TBI compared to Ol controls (Scott et al., 2015). Linking in
with gender differences in rates of internalising problems post-TBI, this study found that
females with moderate-severe TBI were more likely to develop lasting mood, anxiety and
internalising disorders, and that females with mild TBI were more likely to report anxiety and
internalising disorders (Scott et al., 2015), than males with TBI. These studies clearly
highlight some gender difference in the presentation of long-term behavioural problems

following TBI in children and adolescents.

Finally, within the literature assessing internalising disorders in individuals with a
history of TBI, it is evident that anxiety disorders are among the problems experienced by
such individuals. An early case study by Max et al. (1995) described one individual (of
female gender) who, after sustaining a severe TBI at the age of 11 years, later developed

symptoms of Obsessive-Compulsive Disorder (OCD). The patient was assessed at three, six

7



and 12 months post-TBI, and it was apparent that by the time of resolution of PTA, the
patient started exhibiting compulsive hand washing, ordering, counting and arranging
behaviours, which went on to require treatment (Max et al., 1995). Similarly, another case
study reports on a 17 year old male patient with TBI requiring surgery, who reported the
onset of Social Anxiety Disorder (SAD) following their injury (Chaves et al., 2012). Prior to
his injury, the patient reported no history of shyness, fear or avoidance of social situations,
which drastically changed following the TBI event (Chaves et al., 2012). However, despite
this, studies exploring the incidence and predictors of specific anxiety disorders following
mild, moderate and severe TBI in children and adolescents are still lacking. Considering this
oversight within the literature, the next section of this review will focus more specifically,
and in more detail, on anxiety disorders and symptomatology in children and adolescents

following TBI.

1.3. Systematised literature search on studies involving anxiety disorders following TBI

in children and adolescents.

1.3.1. Literature search methods

A systematised literature search was conducted using the following search engines:
Google Scholar, Ovid Medline (1946 - Dec 2017), PsycINFO (1806 - Dec 2017),
Comprehensive Journal Index and Additional Resources for Nursing and Allied Health
Professionals (CINAHL) plus (1937 - Dec 2017), Cochrane database (2005 — Dec 2017) and
Embase (1946 — Dec 2017). A search was conducted in each database using the terms
“traumatic brain injury” or “brain injury” or “head injury” and “anxiety disorders” or
“anxiety” and “pediatric” or “paediatric” or “children” or “child”. Returned articles were
screened by title, abstract or full-text accordingly. Manual searching of articles based on the

reference lists of relevant manuscripts was also conducted. Inclusion criteria for studies were



as follows: a) participants were children aged 0-18 years, b) the study included a TBI group,
and c) anxiety symptoms or anxiety disorder diagnosis was included as an outcome measure.
Exclusion criteria involved: a) adult participants or a mixture of children and adults, and b)

participants with acquired brain injury.

1.3.2. Results of literature search

The initial search across all databases returned a total of 346 articles. Of these, 221
were screened by title (including duplicates), and 82 were screened based on the abstract. The
full text was examined for 43 of the articles. Of the articles examined by full text, 32 of these
were excluded for the following reasons: not an original research paper (n=6), case study
(n=1), not specifically assessing anxiety as an outcome measure (n=21), not assessing TBI
participants (n=3), or couldn’t access the article (n=1). No further studies were found when
conducting a manual search of additional studies using the reference lists of relevant papers.
This search was repeated to include further research articles, which found one additional
relevant paper. The final result included 12 research studies fitting the above criteria, for

which study characteristics and findings are outlined in Table 1.1.

1.3.3. Critical examination of the literature

Examination of the merit of study methodology in accordance with Satz (2001)

In a review investigating the cognitive, behavioural and academic outcomes of mild
TBI in children and adolescents, Satz (2001) analysed the merit of each study according to
specified criteria. The basis of this was due to the wide variability in methodology for past
studies involving mild TBI. The criteria of which studies were analysed will be listed

following a display of studies in Table 1.1.



Table 1.1.

Characteristics of Studies from Literature Search

Authors Participants Diagnosing TBI Inclusion/Exclusion Criteria Anxiety Measures General Results
[1] Max et 50 consecutively Severe injury = Glasgow  Inclusion: admitted to tertiary care Neuropsychiatry Rating 2/50 with PTSD (resolved by 3 months)
al. (1998) admitted TBI patients  Coma Scale (GCS) score  centre and 3 regional hospitals, CT Scale (NRS) Increase in PTSD symptoms in first 3
aged 6-14 years at <8 scan on admission, English spoken Schedule for Affective months, then gradual decline
time of injury (TOI) Moderate injury = GCS language Disorders and 68% experienced > 1 PTSD symptom at
- 26 mild TBI, 9 score 9-12 or 3-15 with Exclusion: post-traumatic amnesia Schizophrenia for School- any point in first 3 months; 45%, 33%,
moderate TBI, 15 positive computed (PTA) > 3 months, penetrating TBI,  Age Children (K-SADS) 16% and 12% at 3, 6, 12 and 24 months
severe TBI tomography (CT) scan documented history of child abuse plus PTSD module Presence of internalising disorders, and
- 64% male Mild injury = GCS score  and/or TBI involving hospital Follow-ups: severity of injury predictors of PTSD
13-15 admission, history of Central K-SADS plus sections on
Nervous System (CNS) disorders, behaviour disorders,
pre-existing serious illness alcohol and substance
abuse and PTSD module
[2] Levi &  Children 6-12 yearsat  Severe TBI = GCS score  Inclusion: hospitalised =1 night, Child PTSD Index Parent reports for moderate TBI and Ol in
Drotar TOI <8 participants from a prospective (CPTSDRI) (child report) doubtful range for PTSD; mild levels
(1999) 81 TBI Moderate TBI = GCS study on impact of TBI, English as Post-Traumatic Stress Scale  PTSD reported for severe TBI at 6- and
- 44 moderate, 37 score 9-12, or >12 plus primary language (PTSS) (parent report) 12-months
severe positive CT scans or loss  Exclusion: history of child abuse, PTSD symptoms higher for severe TBI
- 74% males of consciousness (LOC)  TBI or brain disease, children with Younger age and higher social
59 Ol children > 15mins brain injuries other than closed head disadvantage associated with more PTSD
- 61% males injury (e.g. anoxic injuries) symptoms
Children displayed PTSD symptoms for
>1 year post-TBI
[3] Gerring 95 children aged 4-19  GCS score of 3-8 Inclusion: children admitted to Diagnostic Interview for 13% sample developed PTSD within 1
etal. years with severe TBI  indicated severe TBI neurorehabilitation unit of Children and Adolescents year of TBI
(2002) and PTA university-affiliated center parent and child form - 5 according to parent reports, 5 to child

- mean age at TOI
10.5 years

-54 boys, 41 girls
- 90 inpatient; 5
outpatient

Exclusion: previous hospitalisations
for TBI, premorbid PTSD,
premorbid mental retardation or
CNS pathology, history of child
abuse

(DICA)

Child Behaviour Checklist
(CBCL)

1-year follow-up:

DICA

CBCL

reports and 2 to both

Risk factors for PTSD: female gender,
high psychosocial adversity, greater
injury severity, psychiatric disorders early
after injury
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[4]
Herskovits
et al.
(2002)

[5] Luis &
Mittenberg
(2002)

[6] Vasa et
al. (2002)

94 participants aged

4-19 years with severe

TBI

- 53 boys, 41 girls

- mean age TOI 10.5
years

96 children aged 6-15
years

- 42 mild (66.7%
male), 19
moderate/severe
(68.4% male),

- 35 Ol (74% male)

97 children aged 4-19
years with severe TBI
- 58% male

- mean age at TOI
10.56 years

GCS score of 3-8
indicated severe TBI

Reviewed medical charts
GCS score on admission
- mild TBI - GCS 13-15
and normal
CT/neurological findings
- moderate/severe TBI —
GCS <13, abnormal CT,
and/or skull fracture

GCS score of <8 taken
at admission indicated
severe TBI

Inclusion: children referred from
tertiary trauma centres to a
university-affiliated center for
neurological disorders

Exclusion: previous hospitalisations
for TBI, premorbid PTSD,
premorbid mental retardation or
CNS pathology, history of child
abuse

Inclusion: children consecutively
admitted to general hospital
Exclusion: history of neurological
disorders, history of abuse/neglect

Inclusion: referred from tertiary
trauma centres and recruited from
consecutive admissions from 1992-
1996 to neurorehabilitation unit of
university-affiliated center
Exclusion: previous hospitalisations
or emergency room visits for TBI,
history of child abuse, premorbid
mental retardation or CNS
pathology

Same procedure as Gerring
et al. (2002) (above)
Magnetic Resonance (MR)
Imaging:

- imaging at 3 months post-
TBI

- abnormalities included
hematoma, contusion,
infarct, axonal-shear injury

Diagnostic Interview
Schedule for Children
(DISC-1V)

Module A: Anxiety
Disorders

Diagnoses based on DSM-
IV criteria

Social Readjustment Rating
Questionnaire (SRRQ)
(stress)

DICA-p assessed anxiety
disorders at baseline and 1-
year follow-up

9 participants met full PTSD criteria; 41
re-experiencing criteria, 12 avoidance
criteria, and 55 hyper-arousal criteria
Participants with full PTSD criteria at 1
year post-TBI displayed lower lesion
fractions in right medial frontal cortex
and greater lesion fractions in left middle
temporal gyrus

High lesion burden was associated with
lower probability of having PTSD

Social Phobia: 10.5% moderate/severe
Separation Anxiety Disorder (SAD): 7%
mild, 21% moderate/severe

Specific Phobia: 9.5% mild

Panic Attacks: 4.7% mild

Agoraphobia:7 % mild, 5.3%
moderate/severe

Generalised Anxiety Disorder (GAD):
16.7% mild, 15.8% moderate/severe
Obsessive-Compulsive Disorder (OCD):
7% mild, 10.5% moderate/severe

PTSD: 10% mild, 10.5% moderate/severe
Acute Stress Disorder (ASD): 2.3% mild,
10.5% moderate/severe

Overall Anxiety: 35.7% mild, 63.2%
moderate/severe

Mean aggregate Anxiety score of 1.86
pre-injury and 3.73 post-injury

- pre-TBI, 84% reported 0-3 anxiety
symptoms, 13% reported 4-9, and 3
reported >10

- post-TBI, 66% reported 0-3, 22%
reported 4-9 and 12% reported >10

- significant increases in amount that had
4-9 and more than 10 symptoms
Pre-injury anxiety and younger age at
injury risk factors for anxiety
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[7] Mather
et al.
(2003)

[8] Vasa et
al. (2004)

[9] Grados
et al.
(2008)

43 children from
Casualty section of
Sydney hospital aged
6-16 years

- 20 males, 23 females
- 14 mild TBI, 29 no
TBI

97 children aged 4-19
years with severe TBI
- 57% males

- mean age at TOI
10.62 years

72 children aged 6-18
years with severe TBI
- mean age at TOI
10.5 years

- 54% males

Mild TBI defined by:

- witnessed LOC

- GCS 13-15 taken from
medical file

- return to full GCS
score after 24 hours

Initial GCS score on
admission of <8
indicated presence of
severe TBI

Initial GCS score on
admission of <8 to
indicate severe TBI
Also monitored duration
of coma

Inclusion: enrolled in normal stream
school, involved in recent traffic
accident, sustained an injury other
than TBI or a TBI

Exclusion: prior TBI history,
current TBI of moderate or severe
classification, limited English
comprehension of families

Inclusion: referred from tertiary
trauma centres and recruited from
consecutive admissions from 1992-
1996 to neurorehabilitation unit of
university-affiliated center
Exclusion: previous hospitalisations
or emergency room visits for TBI,
history of child abuse, premorbid
mental retardation or CNS
pathology

Inclusion: referred to
neurorehabilitation unit of a
university-affiliated hospital
between 1992-1997

Exclusion: previous hospitalisations
for TBI, premorbid PTSD,
premorbid mental retardation or
CNS pathology, history of child
abuse

CPTSDRI — children report
of PTSD

Revised Children’s
Manifest Anxiety Scale
(RCMAS)

PTSD module of Anxiety
Disorders Interview
Schedule-child version
(ADIS-c)

CBCL

MR Imaging conducted 3
months post-TBI

DICA was given to parents
of children to assess anxiety
disorders and symptoms

DICA-revised was used to
determine OCD, OCS,
mood, anxiety and
behavioural problems

MR Imaging 3 months after
TBI

No significant differences between
groups for PTSD symptomatology
69% no-TBI and 85.7% TBI group
suffered from PTSD

Mean scores indicated improvements in
PTSD symptoms

Presence of PTSD strongly associated
with anxiety

Child and parent report of PTSD not
significantly correlated

12 subjects had 1 post-injury disorder, 1
had 2 disorders: 6 simple phobia, 5
overanxious disorder, 1 SAD and 1 OCD
7 subjects had post-injury PTSD; 1 had
anxiety disorder and PTSD

Mean number of anxiety symptoms: 1/88
pre- and 3.76 post-injury

Inverse relationship between orbitofrontal
damage and post-injury anxiety

21 children had new onset OCS — 12
obsessions, 13 compulsions, 4 both
Greater number of females in OCS group
(70%) compared to non-OCS (37%)
Those with OCS had higher number of
SAD, specific phobia, PTSD,
hyperarousal, mania, dysthymia and
depressive symptoms

Obsessions related to mesial prefrontal
and temporal lesions; compulsions related
to smaller orbitofrontal lesions
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[10] Hajek
et al.
(2010)

[11] Max
etal.
(2011)

[12] Max
etal.
(2015)

251 children aged 8-
15 years

- 167 mild TBI (71%
male), 84 Ol (63%
male)

177 children aged 5-
14 years with TBI

- 86 mild, 27
moderate, 64 severe
- mean age at TOI
10.13 years

- 71% male

125 children aged 5-
14 years with TBI

- 63 mild, 16
moderate, 46 severe
- mean age at TOI
9.99 years

- 66.4% males

Mild TBI — observed

LOC <30 minutes, GCS

of 13-14 or at least 2

symptoms of concussion

Ol — fracture injury
within Abbreviated
Injury Scale (AIS) <3

GCS scores of 3-8 for
severe TBI, 9-12 for

moderate TBI and 13-15

for mild TBI

- also assessed MR scans

GCS scores of 3-8 for
severe TBI, 9-12 for

moderate TBI and 13-15

for mild TBI

- also assessed MR scans

Inclusion: aged 8-15 years, recruited PTSD Checklist for

from Emergency Departments (ED)
at selected hospitals, had suffered
Ol or mild TBI

Exclusion: injury-related surgery,
hypoxia or shock post-injury,
previous TBI needing
hospitalisation, premorbid
neurological disorders, severe
psychiatric disorder needing
hospitalisation, AIS of greater than
3, injuries that would hinder
assessment, child abuse/neglect

Inclusion: Consecutive admissions
to 3 academic medical centres for
TBI between 1998-2003

Exclusion: pre-existing autism,
Attention-Deficit/Hyperactivity
Disorder (ADHD) or schizophrenia,
mental deficiency, injury due to
child abuse or penetrating injury

Inclusion: Consecutive admissions
to 3 academic medical centres for
TBI between 1998-2003

Exclusion: pre-existing autism,
ADHD or schizophrenia, mental
deficiency, injury due to child abuse
or penetrating injury

Children/Parent Report
(PCL-C/PR) to assess
parent ratings of PTSD in
children

DSM-1V diagnoses derived
from KSADS present and
lifetime version, and NRS
MR Imaging scans at 3
months

DSM-IV diagnoses derived
from KSADS present and
lifetime version, and NRS
MR Imaging scans at 3
months

PTSD diagnoses for Mild TBI: baseline
8%, 3 months 8% and 12 months 2%

- Ol: 7%, 7% and 7% respectively
Across groups, PCS and PTSD ratings
were correlated

After controlling for PCS, OI group
reported higher scores on PCL-C/PR than
mild TBI group at baseline

Symptoms of PTSD and PCS correlated
more highly for Ol group than mild TBI

8.5% developed novel clinical anxiety
disorder and 17% developed novel
subclinical anxiety disorder post-TBI

- mild TBI: 11% clinical and 20%
subclinical anxiety

- moderate TBI: 0% clinical and 24%
subclinical anxiety

- severe TBI: 7% clinical and 11%
subclinical anxiety

9 PTSD, 6 SAD, 4 simple phobia, 3
GAD, 3 adjustment disorder with anxious
mood, 3 social phobia, 1 Panic Disorder
(PD)

Younger age at injury associated with
novel anxiety disorder

10.4% presented with novel anxiety
disorders in second 6-months after TBI
- 6 simple phobia, 4 SAD, 4 GAD, 3
social phobia, 3 PTSD, 1 PD

- 5/13 had >1 disorder
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The key criteria set out as essential for studies in this area were as follows: a) use of a control
group, b) longitudinal design with follow-up assessments, c) clear definition of mild TBI, d)
inclusion of at least 20 participants with TBI, e) outcome measures involved standardised
tests, and f) control for pre-injury factors (Satz, 2001). A study was concluded to have
methodological merit if it met at least four of the previously listed criteria (Satz, 2001). For
this review, the methodology of the selected papers was examined according to these criteria,

with the inclusion of moderate and severe injuries for point a).

As is evident in Table 1.1, in accordance to the criteria set out by Satz (2001), all of
the studies investigating anxiety disorders following TBI in children and adolescents had
methodological merit, possessing at least four of the essential criteria. Three of the studies
(see studies 2, 5, 10) included all of the listed criteria, and the most commonly missed criteria
was a lack of a control group in eight out of the 12 papers (see studies 1, 3, 4, 6, 8, 9, 11, 12).
All included studies showed evidence of criteria b), ¢) and e), indicating the use of
longitudinal designs, well-defined TBI groups and standardised outcome measures and
assessments. Only one study did not include more than 20 TBI participants or control for pre-

injury characteristics (see study 7).

Of concern is the number of studies that did not include a non-TBI group. The
research being discussed explores the rate of anxiety disorders following TBI in children and
adolescents, and although this information can be obtained using only a TBI group, the
strength of the results may be enhanced if authors could compare these rates to a non-injured
or Ol group of participants. It is also interesting to note that of the studies that did include a
control group (see studies 2, 5, 7, 10), all utilised an Ol group with injuries sustained to
regions of the body other than the head or neck. There is therefore an absence of studies that
have compared the incidence of anxiety disorders in children and adolescents with TBI and

healthy control subjects, or a comparison of outcomes within clinical samples. While it is
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useful to use an Ol comparison group as it eliminates confounding variables associated with
the nature of injury and exposure to hospital/rehabilitation services, the literature is in need of
research which compares the incidence of anxiety following TBI to what is expected in the

general child population, and clinical population seeking mental health support.

In addition, while all but one controlled for pre-injury characteristics and risk factors
(see study 7), the validity of such measures is questionable given the timing of testing. In all
cases, premorbid functioning such as behaviour scores, pre-existing psychiatric disorders and
family functioning assessments were conducted at ‘baseline’ — meaning that they were
assessed following the TBI event. This presents a large issue within the TBI literature as it is
difficult to ascertain the validity of reports on child variables that were present before the TBI
event when they are considered retrospectively. Psychological stress as a result of the injury,
for both the child and the parent, is likely to affect the ability for the parent or child to recall
incidents and functioning before the injury event. Furthermore, the child’s current behaviour
and functioning may change the child or parent’s perspective of what occurred before the
TBI. However, the authors do attempt to alleviate the effects of this issue in that testing at
‘baseline’ was always conducted as soon as possible, once major concussion symptoms (such

as PTA) had resided.

A significant strength among the literature on anxiety disorders following TBI in
children and adolescents is the use of a prospective, longitudinal design with follow-up
assessments of behaviour and anxiety. Several studies conducted follow-ups up to one year
after TBI (see studies 1-4, 6, 8-10, 12), which allowed for the examination of long-term
effects of TBI and the persistence and chronicity of anxiety in such participants. Further, in
fewer studies (see studies 1, 2, 10), participants were assessed at multiple time points, which
is essential for exploring the pattern of anxiety disorders and symptomatology following TBI

across time.
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Well-defined severity groups are important when conducting TBI studies, particularly
when comparing groups and when assessing the influence of injury severity on outcomes.
Evidently, the studies presented in this paper all assessed and defined severity of TBI using
the GCS (see Table 1.1, studies 1-12). As discussed previously, the GCS is regarded as the
most common method of assessing TBI severity (Greenwood, 2002), and has been proven
both useful and valid in multiple studies. In addition, in many cases other markers of TBI
severity were also examined, such as positive CT scans (studies 1, 2, 5, 11, 12) and the

duration of LOC (studies 2, 7, 9, 10).

Overall, when considering the methodological merit of the studies listed in this
review, the results are in favour of existing research. While the absence of a control group for
over half of the studies poses some concern for the generalisability of findings, their
methodology is strengthened by the use of a longitudinal design with timely follow-up
assessments post-TBI and well-defined and accurately assessed TBI severity for each injury
group. In addition, all but one study (see study 7) had an adequately sized sample of TBI
participants. Furthermore, outcome measures for all of the papers were assessed using
standardised, common measures and procedures for examining the presence of anxiety
disorders in children and adolescents. However, despite this, when exploring factors outside
the main criteria set out by Satz (2001), other methodological issues across the literature are

evident; they will now be discussed.

Other methodological issues within the literature

Upon examination, additional common methodological concerns arise across the
featured studies. An important finding is that there is a lack of research which has included
participants with mild TBI, with a large focus on children with severe TBI. Of the studies in

this review, six included participants who had suffered mild TBI (studies 1, 5, 7, 10, 11, 12),
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while ten of the studies also included moderate or severe TBI groups. Considering that
studies on externalising disorders have indicated an increased incidence of psychiatric
disorders such as ADHD, ODD, CD, drug and alcohol abuse/use and personality disorders in
children with even mild TBI (Max et al., 2013; McKinlay et al., 2002; McKinlay et al.,
2009), it remains just as important for mild TBI groups to be included in outcome studies,

regardless of the lesser degree of injury compared to moderate or severe TBI.

In relation to this, it is often suggested within the PTSD literature that the diagnosis of
PTSD following TBI is not valid due to the nature of the psychological events that follow
such an injury (Levi, Drotar, Yeates, & Taylor, 1999; Mather, Tate, & Hannan, 2003; Max et
al., 1998). This argument states that children who suffer from TBI and lose consciousness or
experience PTA are unable to suffer the anxiety of PTSD that is associated with re-
experiencing a traumatic event, as the event itself cannot be recalled and cannot therefore be
subsequently emotionally suppressed (Levi et al., 1999; Max et al., 1998). The authors,
however, do not discuss this argument in relation to children who suffer from a TBI mild
enough that it does not result in LOC or PTA. However, instead they tended to utilise
samples of children with more severe injuries (see studies 2-4), thereby contradicting their
argument. Furthermore, over half of the research has focused on solely PTSD following TBI
(studies 1-4, 7, 10) and excluded other anxiety disorders, due to the close relationship it has
with trauma (Vasa et al., 2002). Moreover, one study (see study 7) applied more focus on
PTSD in children following road traffic accidents, and utilised the TBI group as a control for
confounds associated with such an injury, rather than exploring long-term anxiety outcomes

following TBI.

Also interesting to note in regards to PTSD following TBI is the discrepancy that is
often found between reports of PTSD symptomatology from the child versus the parents. For

instance, studies by Levi et al. (1999) and Mather et al. (2003) utilised both parent and child
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self-report questionnaires to assess PTSD. However, correlational analyses indicated a
relatively low, non-significant relationship between reports from children and adults. The
meaning of this is not well discussed, which poses a challenge to the methodology of papers
which utilise only one source of PTSD symptom reporting. Such that, it may be impossible to
know which method provides more accurate reports of PTSD symptomatology post-TBlI,
considering research findings differ according to the informant completing the
questionnaires. In addition, it is not well-known whether the relationship (or lack thereof)
between parent and child self-reports of PTSD symptomatology also exists for other anxiety
measures. Indeed, Luis and Mittenberg (2002) question the validity of parent-report methods
for assessing anxiety, arguing that these internal states can be reliably reported by the
children themselves, without need for parental reports. Furthermore, parents may be a less
reliable source of report as they are sometimes unable to see how a child is processing their
inner thoughts and emotions. However, again, this issue is not well discussed or resolved
within the literature. Given this discrepancy of results, it might be important for studies to
examine the behavioural profile of children and adolescents with anxiety following TBI using
more objective measures of assessment, including psychiatric assessment and observation of

the child, rather than relying solely on the use of subjective parental reports.

While there have been advancements towards the study of internalising problems,
including anxiety disorders, following TBI in children and adolescents, it is vital to note that
of the 12 papers presented here, five of these utilised the same cohort of individuals (see
studies 3, 4, 6, 8, 9). While the sample itself was derived from a large database of referrals
from tertiary trauma centres over a relatively large period of time (years 1992-1996), the fact
that these studies were replicated among the same cohort limits the generalisability of the
results to anxiety and TBI literature. Moreover, studies by Max et al. (2011) and Max, Lopez,

et al. (2015) also drew upon data from the same cohort of participants, albeit at different
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time-points (six and 12 months). Although the studies provide useful information regarding
the relationship between TBI and anxiety disorders (Gerring et al., 2002; Grados et al., 2008;
Vasa et al., 2002) and also neural correlates associated with anxiety disorders after TBI
(Herskovits, Gerring, Davatzikos, & Bryan, 2002; Vasa et al., 2004), the literature remains
sparse in relation to different cohorts of children and adolescents being examined for such
variables. In addition, the age range of participants across studies is quite large and variable.
For instance, many of the studies utilised samples with children aged 4-19 years of age
(Gerring et al., 2002; Herskovits et al., 2002; Vasa et al., 2002; Vasa et al., 2004).
Internalised problems and behaviours experienced by a four year old are expected to be very
different compared to that of a 19 year old. Moreover, a younger child of four years is
developing and growing at a rapid rate, whereas a child of 19 years is more likely to have
completed development at that age. This is something which may need to be considered in

future research.

PTSD following TBI

As is evident in Table 1.1, results from the studies generally reveal a relationship
between the development of anxiety disorders following TBI in children and adolescents. The
majority of studies however have focused on correlates of PTSD following childhood TBI
(see studies 1-4, 7, 10), due to the obvious relationship between such an injury event and
trauma (Vasa et al., 2002). Main findings indicate that PTSD within one year following TBI
can occur despite experiencing PTA (Levi et al., 1999; Max et al., 1998), and that PTSD
symptomatology is more prominent in children with severe TBI than those with moderate

TBI or Ol (Levi et al., 1999).

In an early study of PTSD in children following TBI, Max et al. (1998) conducted

psychiatric assessments at three, six, 12 and 24 month intervals to examine the predictors and
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risk factors of children with mild, moderate and severe TBI on the likelihood to suffer from
clinically significant PTSD symptomatology. Following comprehensive psychiatric
interviews and evaluations, the results revealed that the incidence of PTSD was rare, however
a definite increase in PTSD symptoms was noted in the first three months following TBI,
with a steady decline thereafter (Max et al., 1998). Similarly, Levi et al. (1999) studied
children from a prospective study of cognitive, academic, social and familial impacts of TBI
in school-age children to explore the incidence of PTSD symptoms following TBI. In contrast
to Max et al. (1998), this study utilised an Ol control group, which enabled the authors to
compare PTSD symptomatology in children with moderate and severe TBI to children with
traumatic injuries sustained to other regions of their body. When comparing the participants,
the results revealed significant differences between the three groups, in that parent reports of
PTSD symptoms were in the doubtful range at six and 12 month follow-ups for children with
moderate TBI and Ol, whereas mild levels of PTSD were reported by parents of the severe
TBI child group (Levi et al., 1999). Child reports of PTSD symptoms at 12 months were
found to be higher for the severe TBI group when compared to moderate TBI and Ol,
however no group differences were observed at six months following their injury (Levi et al.,

1999).

Two later studies further investigated the presence of PTSD following TBI, with a
focus on children with severe TBI. Gerring et al. (2002) argued that children with TBI can go
on to suffer PTSD symptomatology, despite experiencing neurological amnesia for the injury
event. Children were recruited from an ongoing investigation of brain-behaviour relationships
after severe TBI, and were assessed via psychiatric interviews and psychological rating
scales. The authors reported an incident rate of 13% of children having fulfilled PTSD
criteria by one year following their injury (Gerring et al., 2002). Utilising the same cohort of

children in a brain imaging study, Herskovits et al. (2002) also explored the rate of PTSD
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symptomatology, this time finding that 10% of the sample reported full PTSD criteria, 44%
fulfilled re-experiencing criteria of PTSD, 13% reported avoidance symptoms of PTSD and
59% met criteria for the hyperarousal criterion of PTSD. Collectively, the studies provide
evidence that PTSD can be experienced in children following severe TBI, regardless of

neurological amnesia occurring in the child surrounding their injury event.

Conversely, two studies exploring the relationship between PTSD and TBI report
different findings (see studies 7 and 10). One study explored PTSD following road traffic
accidents in children with Ol and mild TBI (Mather et al., 2003), and the other assessed the
relationship between post-concussion symptoms (PCS) and PTSD in children with mild TBI
and Ol (Hajek et al., 2010). In contrast with the above studies, Mather et al. (2003) reported
no significant difference between children with mild TBI and Ol on PTSD symptomatology
ratings. Moreover, Hajek et al. (2010) also found no significant main effect for group (type of
injury) or for the group and time interaction for PTSD, indicating that there were no
significant differences in reports of PTSD between children with mild TBI compared to those
with Ol. This result may suggest that those with milder TBI are not more likely to develop
PTSD following their injury than children who have sustained an Ol. However, differences in
the presentation of PTSD symptomatology following injury were reported in the two papers.
In Mather et al. (2003), children with mild TBI tended to report a more frequent occurrence
of mild PTSD symptoms, whereas severe PTSD occurred at a higher rate in the Ol group.
Moreover, Hajek et al. (2010) found that those in the mild TBI group reported higher levels
of hyperarousal at three and 12 months, but not when controlling for PCS. Alternatively, Ol
participants had higher levels of PTSD when controlling for baseline PCS, and were more
likely to meet PTSD criteria (Hajek et al., 2010). Therefore, these findings suggest that while
there were no differences in the rate of PTSD symptomatology and diagnoses between mild

TBI and Ol children, the clinical manifestations of such symptomatology may be quite
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different across groups. Moreover, the hyperarousal aspect of PTSD appears to be more
highly related to TBI than other PTSD symptomatology, which may reflect more of a general

anxious response.

Given the above information, it appears that a ‘dose-response’ relationship may exist
between the severity of TBI and the subsequent diagnosis of PTSD or development of PTSD
symptoms in children. The research suggests that while there is a rare occurrence of PTSD
following moderate or severe TBI in children, and a statistically significant difference in the
frequency of this occurrence between children with moderate or severe TBI to children with

Ol, this relationship may not exist for children with only mild TBI.

Other anxiety disorders and TBI

When reviewing studies that focused specifically on the incidence and presentation of
particular anxiety disorders in general, only five studies were found relevant in the literature
(see studies 5, 6, 9, 11, 12). One study focused on the incidence of OCD and presence of
OCD symptomatology following severe TBI in children and adolescents (Grados et al.,
2008). Among those with severe TBI, this study identified 21 children with new onset OCD
symptoms, and 51 with no OCD symptomatology. Of those with OCD symptoms, 12
experienced obsessions, 13 experienced compulsions and four suffered from both (Grados et
al., 2008). It is therefore evident that the pattern of anxiety related experiences among
individuals following TBI can be quite variable. In contrast to Grados et al. (2008), the
remaining studies identified through the systematic literature search explored the relationship
between mild, moderate and severe TBI and the incidence of disorders including Generalised
Anxiety Disorder (GAD), Acute Stress Disorder (ASD), PTSD, Panic Disorder (PD), OCD,
simple/specific phobia, social phobia and SAD (Luis & Mittenberg, 2002; Max et al., 2011;

Max, Lopez, et al., 2015; Vasa et al., 2002).

22



Among the first to explore the relationship between TBI and new-onset anxiety
disorders and mood disorders, Luis and Mittenberg (2002) evaluated predisposing factors
such as developmental disorders, injury severity, environmental factors and individual
historical factors on the likelihood of children suffering from such disorders following mild
and moderate-severe TBI. Results revealed that children with TBI had a higher number of
new-onset disorders than the Ol comparison group, with no differences in these numbers
between mild and moderate-severe TBI groups (Luis & Mittenberg, 2002). Further, the most
common anxiety disorders that were generally reported by children with mild TBI were GAD
(16.7%), PTSD (10%), and simple/specific phobia (9.5%), while the most commonly
reported anxiety disorders for the moderate-severe TBI group were SAD (21%) and GAD
(15.8%) (Luis & Mittenberg, 2002). In a similar study, Vasa et al. (2002) also explored the
prevalence of new-onset anxiety disorders among children, however focussed on those who
had suffered from severe TBI and included no comparison group. The authors reported that
the overall net increase in anxiety disorders for this sample was minimal, with the net
increase predominantly associated with ‘overanxious disorder’, however there was a
statistically significant increase in the number of subjects who suffered from either four to
nine, and 10 anxiety symptoms following their injury (Vasa et al., 2002). Similar to Luis and
Mittenberg (2002), this study noted overanxious disorder, OCD, SAD and simple/specific
phobia symptoms as the most common types of anxiety experienced by children following

TBI (Vasa et al., 2002).

A more recent study by Max et al. (2011) also focused on the incidence of novel
clinical and subclinical anxiety disorders, and included children with mild, moderate and
severe TBI. Surprisingly, the results indicated that children with mild TBI had the highest
incidence of novel anxiety disorders, while children with moderate TBI had the highest rate

of novel subclinical anxiety disorders (Max et al., 2011). The authors contend that novel
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anxiety disorders following TBI are heterogeneous in nature, such that they can include
definite or subclinical PTSD, SAD, simple/specific phobia, GAD, social phobia and PD (Max
et al., 2011). This finding is consistent with prior studies which also note this heterogeneity
(Luis & Mittenberg, 2002; Vasa et al., 2002). The authors, in a follow-up study, further
explored the nature of novel anxiety disorders in the same cohort of participants, at 12
months post-injury (Max, Lopez, et al., 2015). They found that children tended to present
similarly to the six-month assessment, and that novel anxiety disorders present at 12 months

were associated with affective dysregulation.

Generally, the results demonstrate that TBI in children and adolescents significantly
increases the risk of developing subsequent anxiety disorders (Grados et al., 2008; Luis &
Mittenberg, 2002; Max et al., 2011; Max, Lopez, et al., 2015; Vasa et al., 2002). Feeling
overanxious was a commonly reported anxiety symptom in children with severe TBI (Vasa et
al., 2002). When comparing children with mild TBI, moderate-severe TBI and Ol, results
suggest a potential relationship between degree of neurological insult and risk of developing
subsequent anxiety disorders (Luis & Mittenberg, 2002) in that overall anxiety disorders were
most common in children with moderate-severe TBI, followed by mild TBI and Ol.

However, similarly to research on PTSD after TBI, the pattern of results is often quite

different among the sample groups.

Predictors of anxiety disorders following TBI

It is unsurprising that given the research on long-term psychiatric outcomes following
childhood TBI, authors have sought to investigate the predictors and risk factors that will
increase the likelihood a child will develop psychiatric disorders post-TBI. Among the
research exploring anxiety disorders and TBI, several common findings have been reported.

For instance, a number of the studies presented here assessed for premorbid psychosocial
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adversity (see studies 3, 4, 6, 8, 9). These studies demonstrated that there are higher rates of
anxiety and PTSD symptomatology and diagnoses in children that come from families with
higher premorbid psychosocial adversity, including coming from a single parent household,
being exposed to verbal/physical aggression between parents, or having parents with mental
health and/or criminal problems (Gerring et al., 2002; Grados et al., 2008; Herskovits et al.,
2002; Vasa et al., 2002; Vasa et al., 2004). In addition, when the impact of age was assessed
(see studies 2, 3, 6, 11, 12), it was found that younger age at injury tended to be associated
with a higher number of anxiety symptoms (Levi et al., 1999; Max et al., 2011; Max, Lopez,
et al., 2015; Vasa et al., 2002). Alternatively, Gerring et al. (2002) found no support for age

as a significant predictor of PTSD in their sample of children with severe TBI.

In addition to psychosocial adversity and age of injury, other factors have been noted
to predict the development of PTSD in children following TBI. Studies have revealed that
levels of PTSD symptoms may be related to social disadvantage and family social status
(Gerring et al., 2002; Levi et al., 1999), such that higher levels of social disadvantage were
related to higher parent reports of PTSD symptoms (Levi et al., 1999). Anxiety diagnoses and
aggregate anxiety scores on the Diagnostic Interview for Children and Adolescents (parent
and child forms) also have been found to significantly predict the probability of PTSD
diagnosis and symptoms (Gerring et al., 2002), in addition to other internalising psychiatric

diagnoses present at the TOI (Gerring et al., 2002; Max et al., 1998).

When examining the likelihood of children developing anxiety symptoms and specific
anxiety diagnoses post-TBI, results are quite similar to that of research involving PTSD. The
presence of OCD symptomatology following severe TBI was found to be significantly more
common in females, and also in children with internalising psychiatric co-morbidities
(Grados et al., 2008). Luis and Mittenberg (2002) reported a range of predictors for the

development of new-onset anxiety disorders and symptoms, including pre-existing mood or
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anxiety disorders, pre-injury history of ADHD or learning disabilities, parent education, post-
injury stress scores and severity of TBI. Max et al. (2011) however, reported no association
between novel anxiety disorders and severity of injury, yet did find a trend association for
novel anxiety disorders and concurrent depressive disorder. See Table 1.2 for an outline of
the predictors and risk factors associated with anxiety symptomatology in children and

adolescents following TBI.

As evident in Table 1.2 below, it therefore may be apparent that while much research
has focussed on identifying the predictors associated with PTSD following TBI, less is
known in regards to specific anxiety disorders. Moreover, it is important to note that
premorbid functioning is most always assessed post-injury, which clearly limits the ability to

infer causation for the predictor variables in such studies.

Neurological explanations and brain lesion studies

In examining the brain regions associated with a higher risk of anxiety following
childhood TBI, it is important to first review the areas of the brain that are commonly injured
and implicated in TBI. Damage as a result of TBI can be either focal, whereby forces have
caused localised damage, or diffuse, whereby damage has occurred to axonal networks across
the brain (Levine et al., 2008; Povlishock & Katz, 2005). Due to the fact that TBI can occur
under many different, individualised circumstances, damage to the brain is heterogeneous
among individuals (Bigler et al., 2013). Despite this fact, it has been noted that the frontal and
temporal regions are highly vulnerable to injury, due to the shape of the skull and the way the
head is held (Bigler, 2007; Bigler et al., 2013; Levin, Williams, Eisenberg, High Jr, & Guinto
Jr, 1992; Wilde et al., 2007). The frontotemporal susceptibility to damage from TBI has been
noted as the major cause of the cognitive and neurobehavioural consequences of TBI that

some go on to experience, including emotional regulation (Bigler, 2007).
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Table 1.2.

Predictors and Risk Factors for Anxiety following Traumatic Brain Injury

Study

Predictors/Risk Factors

Max et al. (1998)

Levi & Drotar (1999)

Gerring et al. (2002)

Herskovits et al. (2002)

Luis & Mittenberg
(2002)

Vasa et al. (2002)

Vasa et al. (2004)

Grados et al. (2008)

Hajek et al. (2010)

Max et al. (2011)

Max et al. (2015)

Internalising disorders
Severity of traumatic brain injury (TBI)

Younger age at injury
Social disadvantage
Family social status

High levels of premorbid psychosocial adversity
Social disadvantage

Family social status

Internalising disorders

Female gender

Severity of TBI

High levels of premorbid psychosocial adversity

Premorbid mood or anxiety disorders

Premorbid Attention-Deficit/Hyperactivity Disorder (ADHD)
Premorbid learning disabilities

Parent education

Post-injury stress scores

Severity of TBI

High levels of premorbid psychosocial adversity
Younger age at injury

High levels of premorbid psychosocial adversity

High levels of premorbid psychosocial adversity
Female gender
Internalising disorders

Post-concussive symptoms (PCS)

Younger age at injury
Concurrent depression
Concurrent personality change

Younger age at injury
Concurrent depression
Concurrent personality change
Pre-injury anxiety disorder

Further, white matter tracts have been known to be more susceptible to damage due to

the acceleration-deceleration forces and their direct exposure to shear and strain forces

(Bigler et al., 2013; Povlishock & Katz, 2005; Rutgers et al., 2008), and this white matter
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tract damage tends to occur more frequently again within the frontotemporal areas of the

brain (Bigler et al., 2013).

Due to the diffuse damage likely to occur following TBI and the heterogeneity that
occurs across individuals, research has sought to explore and highlight the most commonly
affected regions within the brain that may be associated with long-term behavioural and
emotional problems. Reports from a multicentre study of children with TBI have noted white
matter hypersensitivities and focal atrophy distributed across frontotemporal areas of the
brain (Bigler et al., 2013). More specifically, Magnetic Resonance (MR) imaging scans
highlighted that among children with mild, moderate and severe TBI, there were lesions
evident in frontal regions, temporal poles, and right medial temporal lobe, and damage was
also evident to the amygdala, hippocampus, thalamus and basal ganglia (Bigler et al., 2013).
MR imaging procedures were also used in another sample of children with moderate and
severe TBI to evaluate brain volume differences in the whole brain and also prefrontal,
temporal and posterior regions (Wilde et al., 2007). Imaging results indicated that children
with TBI had significantly reduced whole brain, prefrontal and temporal regional tissue
volumes compared to that of uninjured children. Further, there were also group differences on
white matter and grey matter in superior medial and ventromedial prefrontal regions (Wilde
et al., 2007). Additional research has also utilised MR imaging procedures to locate brain
regions more commonly affected following TBI, with one study including individuals with
mild to moderate TBI (Levin et al., 1992). In terms of number of lesions, results showed that
the frontal and temporal areas had significantly more lesions than parietal and occipital areas

of the brain.

Again, this is supported by the Toronto TBI study, which recruited individuals with
chronic TBI across all levels of severity to undergo MR imaging one year following injury

(Levine et al., 2008). The most reliable effects noted in the results were brain volume changes
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within the frontal, temporal and cingulate regions, with focal lesions associated with greater
volume loss in frontal and temporal regions (Levine et al., 2008). Finally, MR imaging has
been used to examine reductions in fractional anisotropy (which reflects fibre density, axonal
diameter and myelination in white matter) in adults with mild TBI (Rutgers et al., 2008).
Results again demonstrated greater numbers of reductions in frontal and temporal regions,
and also parietal regions, and among association bundles, fronto-temporal-occipital fibre
bundles were most often involved (Rutgers et al., 2008). Table 1.3 provides a concise

summary of the above findings within the literature.

Table 1.3.

Summary of Commonly Damaged Brain Regions following Traumatic Brain Injury

Study Main results
Levin et al. (1992) Number of lesions from Magnetic Resonance (MR) imaging:
e Total =145
e Frontal = 60
e Temporal =55
e Parietal =15
e Occipital =10
Wilde et al. (2005) MR volumetric findings:

e  Prefrontal regions smaller in those with traumatic brain injury (TBI)

e  Superior medial grey and white matter, lateral frontal white matter, and
ventromedial grey matter smaller in TBI group

Lesion volumes from MR imaging:

e  Majority lesions in frontal and temporal areas

Levine et al. (2008) e Volume changes in ventral frontal and temporal regions
e  Cerebrospinal fluid increases in left medial frontal and posterior temporal
regions

e  Grey matter volume changes in ventral frontal, middle frontal, superior
frontal, bilateral posterior temporal, left medial temporal, left occipital and
basal ganglia/thalamic regions

Rutgers et al. (2008) Brain regions with reduced fractional anisotropy from MR imaging:
e Frontal lobe = 42 individuals (22%)
e Parietal lobe = 31 individuals (16%)
e Temporal lobe = 28 individuals (15%)
e Occipital lobe = 4 individuals (2%)

Bigler et al. (2013)

Distribution of lesions was more frequent in frontal and temporal regions

e Mean group volume differences for white matter, grey matter, hippocampus,
amygdala, thalamus, basal ganglia

e Focal signal abnormalities and white matter hypersensitivities located

predominantly in frontal and temporal lobe regions
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When looking into the neural regions implicated in those with anxiety following TBI,
it may be possible to discover overlapping regions. However, only two studies have
specifically attempted to delineate the neural correlates and brain regions involved in the
development of anxiety disorders following TBI in children and adolescents (see studies 4
and 6). One of these studies focused on lesion burden in children with severe TBI and their
relationship with PTSD symptomatology (see study 4). Data was obtained from the study by
Gerring et al. (2002), which utilised participants with severe TBI, and no comparison group.
MR imaging at three months following the TBI event revealed associations between lesion
fractions in the right cingulum, right hippocampus, right medial frontal gyrus and left
hippocampus at three months post-TBI, and the presence of PTSD re-experiencing symptoms
at one year (Herskovits et al., 2002). In addition, assignment to the PTSD versus no-PTSD
diagnosis group was dependent on lesions in the right medial frontal and left middle temporal
gyri (Herskovits et al., 2002). Furthermore, a lower probability of suffering from PTSD
hyperarousal correlated with higher lesion fraction in the left subcallosal gyrus, and
avoidance symptoms were associated with lower lesion burden in the right medial frontal and
left inferior temporal gyri and higher lesion burden in the left middle temporal gyrus
(Herskovits et al., 2002). Interestingly, the researchers found no association between the re-
experiencing criterion of PTSD and lesions in the right amygdala, despite research which has
suggested that the amygdala is an important structure in the processing of fear and emotional

signals (Baird et al., 1999), and in anxiety symptoms (DeBellis et al., 2000).

Again utilising the same cohort of participants, Vasa et al. (2004) explored anxiety
disorders in general and their neural correlates in patients with severe TBI using MR imaging
procedures. The study was unique in that it attempted to correlate specific brain lesions and
their location, with different anxiety outcomes among children with severe TBI. In a one-year

prospective study, with a focus on the orbitofrontal cortex (OFC), the imaging results
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revealed that the presence of OFC lesions decreased the risk of anxiety disorders when
including control variables in the analyses (Vasa et al., 2004). Therefore, an inverse
relationship exists in that children with more lesions to the OFC as a result of TBI are less
likely to develop anxiety disorders than those with fewer lesions. The OFC is stated to have
reciprocal connections with the amygdala (Vasa et al., 2004), which again supports brain
region studies which target the amygdala in having some role in anxiety disorders in children

(Baird et al., 1999; DeBellis et al., 2000).

In addition, three other studies have included MR imaging procedures in their
methodologies (see studies 9, 11 and 12). In examining the nature of OCD symptomatology
in children and adolescents with a history of severe TBI, Grados et al. (2008) located specific
areas that were associated with the onset of OCD symptomatology following TBI. MR
imaging scans revealed relationships between OCD symptoms and lesions in the OFC and
temporal lobe regions, and also thalamic lesions for males (Grados et al., 2008).
Alternatively, Max et al. (2011) reported in their study of anxiety disorders in children and
adolescents six months following severe TBI that a trend association exists between lesions
to the superior frontal gyrus and the presence of novel anxiety disorders. Furthermore, a
significant association was found between lesions to the superior frontal gyrus and novel
subclinical anxiety disorder (Max et al., 2011). However, no other relationships between
brain lesions and anxiety symptomatology were found. At a 12-month follow-up, the authors

reported no group differences in brain imaging results (Max, Lopez, et al., 2015).

Therefore, the above studies implicate certain brain regions in relation to the elevated
incidence of anxiety disorders following TBI in children and adolescents, with emphasis on
structures such as the OFC, right medial frontal gyri and temporal gyri. While these studies
provide some compelling initial evidence for the neurobiological basis of anxiety disorders

following TBI, it is clear that the literature in this area is still sparse.
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1.4. Overall discussion

Collectively, it is evident that children and adolescents with a history of mild,
moderate and severe TBI are a group at risk of developing future internalising and anxiety
problems. Behavioural studies have found a higher rate of depression, anxiety and somatic
complaints in children and adolescents post-TBI (Karver et al., 2012; Liu & Li, 2013; Max et
al., 2013; Max et al., 2012). Moreover, this relationship is stronger in females (Scott et al.,
2015). When looking at anxiety in particular, higher rates of PTSD symptomatology have
been identified in children and adolescents following TBI (Gerring et al., 2002; Levi et al.,
1999; Max et al., 1998). Further to this, children and adolescents with a history of TBI also
present with higher rates of GAD, ASD, OCD, PD, SAD and phobias (Grados et al., 2008;

Luis & Mittenberg, 2002; Max et al., 2011; Max, Lopez, et al., 2015; Vasa et al., 2002).

The most common risk factors associated with the development of anxiety
symptomatology following TBI in children and adolescents were severity of injury (Gerring
et al., 2002; Luis & Mittenberg, 2002; Max et al., 1998), younger age at injury (Levi et al.,
1999; Max et al., 2011; Max, Lopez, et al., 2015; Vasa et al., 2002) and high levels of
premorbid psychosocial adversity (Gerring et al., 2002; Grados et al., 2008; Herskovits et al.,
2002; Vasa et al., 2002; Vasa et al., 2004). Highlighting these premorbid risk factors for
children and adolescents with anxiety following TBI enables a unique group to be identified,

which can be the focus of clinical intervention and management for such individuals.

1.4.1. Clinical and theoretical implications

Given the findings reviewed in the literature, when assessing children who have been
admitted for TBI, it may be important to screen for factors associated with family psychiatric
history of internalising disorders, the individual’s past psychiatric history of internalising

disorders, and also to examine levels of psychosocial adversity. Furthermore, the increased
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vulnerability of children with a younger age at injury to developing subsequent anxiety
disorders should be considered in such assessments. Children who are younger at the time of
TBI, have greater psychosocial adversity, and have some history of psychiatric internalising
disorders may be at greater risk of developing anxiety disorders. If such children are targeted

early, appropriate intervention practices may be put in place.

Intervention programs for children vulnerable to developing anxiety disorders
following TBI may include relaxation procedures for the parent and the child, coping
strategies, self-esteem building activities, or open communication between the parent and
child regarding the child’s anxiety symptoms or worries. Furthermore, those at high risk of
developing anxiety disorders may benefit from a follow-up screen following their TBI to
assess for any anxiety symptoms, and potentially undergo typical anxiety management
procedures such as cognitive-behaviour therapy, behavioural assessment and psychotherapy.
It is important that poor outcomes following TBI are targeted and managed early, to enhance
quality of life and prevent the negative effects anxiety would have on both social and

academic learning and development.

1.4.2. Future directions and conclusions

It is evident from the small number of studies identified in the above literature search
that more work is required in specifically examining the incidence and rate of anxiety
disorders following TBI in children and adolescents. Studies such as those by Gerring et al.
(2002) and Vasa et al. (2002) should be replicated in different samples, with the inclusion of
children with both mild and moderate TBI. Future studies should also include the use of
control groups to compare against children with TBI, and utilise both healthy control
participants and children with Ol, as the presence and rate of anxiety disorders is expected to

be different among each of these groups. Moreover, considering the influence of gender in
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predicting the likelihood of developing anxiety post-TBI (Gerring et al., 2002; Vasa et al.,
2002), and also findings that indicate differences in the type of behavioural and psychiatric
problems suffered among males and females following childhood TBI (Scott et al., 2015), it
is important that future studies further investigate the role of gender in mediating the
relationship between anxiety disorders and TBI. Furthermore, the relationship between parent
and child reports of anxiety disorders should be examined, considering the low correlation
scores found among reports of PTSD in the extant literature (Levi et al., 1999; Mather et al.,
2003). Finally, more studies should attempt to explore brain regions and lesion burdens

associated with anxiety disorders in such a sample, as such studies are still lacking.

This research examined the existing literature assessing the presence of anxiety
disorders following TBI in children and adolescents. While the literature to date is sparse, it
may be concluded that children who have suffered from a TBI (mild, moderate or severe), are
at a higher risk of developing subsequent anxiety disorders, even one year following the
injury event. Moreover, children with more severe injuries, greater psychosocial adversity,
and younger age at injury may be at the greatest risk, and are a group who would benefit from
early intervention. Further studies are needed to replicate all the above findings and generate
a more comprehensive view of the relationship between TBI and internalising disorders

within the literature.
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CHAPTER TWO: GENERAL METHODOLOGY

This chapter will outline a detailed methodology of the studies that comprise the

thesis. This chapter will begin with an overall outline of the rationale and aims of the

research, and will follow with more detailed information about ethical approval, participation

rates, full protocols and description of the measures utilised. See Table 2.1 for an overview of

each study, including information about participants, recruitment and comparison groups.

Table 2.1

Overview of Participant Groups and Samples across Studies

Recruitment Comparison
Study Title Participants Location Group
Internalising disorders in adults 247 university Monash University
with a history of childhood students, 18-25 years  University students with
traumatic brain injury 47 mild traumatic Melbourne, no TBI history
brain injury (TBI) Australia
The prevalence of traumatic brain 161 children 5-18 Child and Children and
injury, comorbid anxiety, and other  years presentingata  adolescent mental adolescents
psychiatric disorders in an mental health service health outpatient ~ with no TBI
outpatient child and adolescent 42 mild TBI setting history,
mental health service Christchurch, presenting to a
New Zealand mental health
service
Anxiety disorders in adults with 169 adults who Hospital 43 adults with
childhood traumatic brain injury: sustained an injury in  emergency orthopedic
Evidence of difficulties more than childhood department, injuries
10 years post-injury 65 mild TBI, 61 outpatient
moderate-severe TBI  Christchurch,
New Zealand
Predictors of long-term anxiety 169 adults who Hospital 43 adults with
following childhood traumatic brain sustained an injury in  emergency orthopedic
injury: Theoretical perspectives childhood department, injuries
65 mild TBI, 61 outpatient
moderate-severe TBI  Christchurch,
New Zealand

2.1. Outline of studies: Rationale, aims and hypotheses

This thesis comprises three major studies, each exploring internalising problems and

anxiety following childhood TBI. The initial section includes an exploration of long-term
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internalising behavioural problems in young adults with a childhood history of mild TBI.
Following this, anxiety disorders in particular were given further focus, in children and
adolescents with a history of TBI (predominantly mild), and more short-term outcomes of
TBI were explored in this sample. Anxiety disorders were examined within the context of
other psychiatric disorders for children and adolescents with and without TBI, presenting
within the mental health system. The final two studies examined long-term anxiety-related
outcomes following childhood TBI, including mild TBI, moderate to severe TBI, and a
control group. These studies focused on anxiety in particular, and associated factors such as

cognition, frontal lobe abilities, and other participant characteristics.

2.1.1. Participant samples

A feature of this thesis is the range of sample groups selected, which enabled
discussion and exploration of the comparison of outcomes among three distinct participant
groups. In the initial study, prevalence of TBI and accompanying behavioural and
psychological outcomes was examined in a community-based sample. That is, the sample
was drawn from posters and advertisements to recruit individuals within the general sub-
population of a university. In the second study, children and adolescents were recruited from
a specialised mental health service, thereby providing the opportunity to assess psychiatric
outcomes and TBI prevalence within a clinically-based population. Finally, the third sample
included individuals that were selected based on hospital records, thereby allowing the use of
a hospital-based sample to explore psychiatric outcomes across levels of TBI severity. As
will be explored throughout the thesis, particular outcomes following TBI are likely to be
quite different across age groups, TBI severity, and participant populations. Therefore, the
opportunity to examine and analyse outcomes of TBI, in children, adolescents, and adults,
allows for greater scope, and further discussion of these differences will be outlined in the

final chapter.
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2.1.2. General rationale

As previously discussed, a TBI can disrupt the developing systems in the brain,
with the predominant regions implicated being the frontal lobes (Bigler et al., 2013;
Levin et al., 1992; Levine et al., 2008; Rutgers et al., 2008), temporal lobes (Levin et al.,
1992; Rutgers et al., 2008; Wilde et al., 2007) and also areas of the amygdala,
hippocampus and thalamus (Bigler et al., 2013; Levine et al., 2008). Damage to these
regions is likely to result in a number of behavioural and emotional problems, including
mood and anxiety. Moreover, chronic anxiety can have additional long-term
consequences on an individual by disrupting the developing architecture of the brain
(Arnsten, 2009; Brinks et al., 2008). Further, individuals with TBI and accompanying
internalising and anxiety disorders are more likely to have poorer and complicated recovery
following their injury (E. Moore, Terryberry-Spohr, & Hope, 2006). Those presenting with
internalising problems, particularly anxiety and emotional dysregulation, may be less resilient
to coping with the injury and its complications (Max et al., 2011), and as such, research in
this area may highlight the need to screen for anxiety and internalising disorders at intake and
follow-up for children and adolescents with TBI (Mather et al., 2003; Max et al., 2011). It is
therefore important that the profile of anxiety and internalising problems following TBI
in children and adolescents is better understood, particularly when considering intervention

and treatment (Luis & Mittenberg, 2002; Mather et al., 2003; Peterson et al., 2013).

2.1.3. General aims

1) To examine the rate and profile of long-term internalising behavioural problems,
including anxiety, depression, withdrawal, somatic complaints and avoidant personality
problems, in young adults aged 18-25 years with a history of childhood TBI compared to

young adults with no TBI history
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2) To examine the incidence of TBI and an anxiety disorder diagnosis, in children and
adolescents aged 5-18 years who are presenting within the mental health system, with a
focus on more short-term outcomes

3) To compare the incidence of anxiety disorders with the incidence of other psychiatric
disorders in children and adolescents with and without a history of TBI, investigating
both long-term and short-term outcomes

4) To identify and explore predictors and risk factors associated with anxiety outcomes
following childhood TBI, including the role of gender, age, age of injury, cognition,
frontal lobe functioning, and other psychiatric symptomatology

5) To explore differences in findings dependent on the participant sample groups, including

those recruited from hospitals, the community and mental health services

2.1.4. General hypotheses

1) Internalising behavioural problems, including anxiety, depression, withdrawal, somatic
complaints and avoidant personality problems, will be reported in higher rates by young
adults with a history of TBI than those without TBI

2) Children and adolescents within the mental health system with a history of TBI will have
a higher incidence of anxiety diagnoses compared to children within the mental health
system with no TBI

3) Younger age at injury, female gender, cognitive functioning, frontal lobe deficits and the
presence of psychiatric symptomatology will significantly increase the risk of anxiety
following TBI

4) Anxiety diagnoses will be accompanied by comorbid psychiatric disorders, particularly

mood disorders
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As discussed above, the thesis comprises three distinct areas of research focus. The
specific methodology and design for each will now be discussed in turn, given that the

studies utilise separate participant groups, research materials and data analyses.

2.2. Methodology: Internalising disorders in adults with a history of childhood TBI

2.2.1. Ethics

Ethical approval was granted by the Monash University Human Research Ethics
Committee. All participants were fully informed of the study through the use of detailed
participant information sheets, and provided implied consent by volunteering to participate.
All participants were provided an incentive to participate in the study. In accordance with
ethics requests, no identifiable information was collected from participants, apart from age
and gender. The behavioural self-report measure was adapted for this study so no identifiable
information could be collected from participants, by removing sections regarding the

recording of ethnicity, birthdate and name.

2.2.2. Participants

Participants were recruited through the use of flyers placed around Monash University
Clayton campus, and a booth set up in the University. Inclusion criteria involved individuals
aged 18-25 years who were studying at or attending Monash University, and participants who
could not speak English were excluded. Participants were not excluded based on socio-
economic factors, or pre-existing psychological, physical or neurological disorders. These
criteria were determined at the time of enquiry at the participation booth. In the initial study,
of 259 students who enquired about the study, 247 participated (n=10 did not reply to follow
up emails; n=2 did not return questionnaires), with an overall response rate of 95%. The final

sample consisted of 103 males (M=20.60 years, SD=1.88 years) and 139 females (M=20.30
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years, SD=1.99 years) aged 18-25 years, and five participants who did not record their sex or
age. Fifty participants reported a history of TBI, with 47 mild TBI, two with moderate TBI,

and one with severe TBI.

2.2.3. Procedure

Participants enquired about the study through email in response to advertisement
flyers placed around the university, or to the study recruitment booth. The flyer requested
“Healthy Volunteers for a TBI Study”. Only participants fitting the inclusion/exclusion
criteria (established through email or at the booth) were able to participate. Participants were
required to approach the researcher at the booth to complete the study. Each participant
completed self-report questionnaires regarding TBI status and behaviour. To ensure
anonymity, questionnaires were handed to participants in an unsealed envelope which
contained the explanatory statement, and questionnaires. The participants were required to
complete the questionnaires at the time they were handed to them, and return them to the
researcher in a sealed envelope. This procedure took approximately 20 minutes for the

participants to complete.

2.2.4. Design

This study utilised a between-subjects, cross-sectional design whereby assessment of
a participant’s incidence of TBI and behaviour was evaluated at a single time point. The
independent variable was whether or not participants had sustained a previous TBI, as
determined by a self-report questionnaire examining history of TBI. The dependent variables
were raw scores of behavioural outcomes, and converted T-scores for behaviour scales and

syndromes according to the self-report behavioural assessment.
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2.2.5. Materials

TBI history: The Ohio State University TBI Identification Method Short Form (OSU
TBI-ID SF), adapted from the OSU TBI-ID (Corrigan & Bogner, 2007) was used as a self-
report measure to screen lifetime TBI exposure. Five questions relate to past exposure to head
and neck injuries caused by sources such as vehicle accidents, and if these injuries exist, a
further three questions probe duration of LOC and loss of memory (Corrigan & Bogner,
2007). Inter-rater reliability is high, ranging from a=.85-.93 (Corrigan & Bogner, 2007), and
test-retest reliability adequate with a>.60 (Bogner & Corrigan, 2009). In this study, mild TBI
was defined by an injury with LOC <30 minutes, moderately-severe TBI by a LOC 30
minutes to 24 hours, and severe TBI by a LOC >24 hours. Participants who reported being
dazed or having memory lapse resulting from a head injury were also classified as having
mild TBI, as mild TBI has also been deemed present when an individual experiences loss of
memory for events occurring near the injury, alongside alterations of mental state (Esselman
& Uomoto, 1995; McKinlay, 2010). This measure has successfully been used in a number of
studies to identify a history of TBI (e.g., Corrigan, Bogner & Holloman, 2012), and also is
endorsed by the Ohio Valley Center for Brain Injury Prevention and Rehabilitation as a
standardised procedure for indicating TBI history, being deemed the ‘gold standard’ for
research and clinical use (Ohio Valley Center for Brain Injury Prevention and Rehabilitation,

no date).

Internalising behaviours: To assess behavioural outcomes, the Adult’s Self Report
(ASR; Achenbach, Bernstein, & Dumenci, 2005) was used which measures adaptive
functioning in individuals aged 18-59 years. The ASR consists of over 100 questions and
assesses social, educational, recreational and occupational functioning (Achenbach et al.,
2005). In addition, it examines behavioural problems across eight domains:

Anxious/Depressed (Scale I) (e.g., I feel lonely), Withdrawn (1) (e.g., “I would rather be
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alone”), Somatic Complaints (111), Thought Problems (IV), Attention (V) (e.g., “I daydream a
lot”), Aggressive Behaviour (VI), Rule-Breaking Behaviour (VII) (e.g., “I steal”), and
Intrusiveness (VIII) (e.g., ““I talk too much”) (Achenbach et al., 2005). Participants may score
statements as 0 (not true), 1 (sometimes true) or 2 (very true). The scores are summed, and
the checklist derives Internalising (Scales I, Il and 111) and Externalising Behaviour scores
(Scales VI, VIl and VIII), and a Full Scale score (sum of Scale scores), with higher scores
indicating more problems (Achenbach et al., 2005). Demographic information can also be
obtained, and for the purposes of this study, age and gender were recorded. The measure has
high internal consistency and test-retest reliability, with coefficients of =.89 and a=.86,
respectively (Achenbach et al., 2005). In the current study, the Chronbach Alpha coefficient
was .85. Cross-informant reports yielded correlations of r=.3-.79 between scores on the ASR
and the Adult Behaviour Checklist, demonstrating low to high convergent validity

(Achenbach et al., 2005).

2.2.6. Data analysis

The data was analysed using SPSS version 20, and all statistical analyses were
conducted using an alpha level of .05. Due to the small groups numbers for individuals with
moderate (n=2) and severe (n=1) TBI, the cases were removed from statistical analyses. To
examine group differences on demographic information, chi-square analyses were conducted
for gender and education level, and independent-samples t-tests were conducted for age. A
one-way multivariate analysis of variance (MANOVA) was conducted on raw scores of
Anxious/Depressed, Withdrawn, Somatic Complaints and Internalising Disorders subscales
to determine whether there were significant differences among those with and without a
history of childhood TBI. To examine rates of clinically elevated and borderline ASR and
DSM-oriented internalising disorders among the groups, raw scores from t