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Abstract

Objective—The goals of this study were to explore the prevalence of aggressive behaviours after
severe paediatric traumatic brain injury (TBI) and identify predictors of aggressive behaviours one
year postinjury.

Methods—A cohort of 97 children aged 4 to 19 years at time of severe TBI (GCS 3-8) were
prospectively followed for one year. Preinjury psychiatric status was obtained retrospectively at
enrollment and postinjury behavioural and functional concerns were assessed at one year. Aggression
was measured with a modified version of the Overt Aggression Scale (OAS).

Results—Results revealed aggressive behaviour increased from preinjury to postinjury. Preinjury
factors including aggression, attention problems, and anxiety were associated with increased
postinjury aggressive behaviour. Children with greater disability after injury were also at increased
risk for aggressive behaviours.

Conclusions—Aggression is a prevalent symptom after paediatric TBI and can significantly
impede rehabilitation. Awareness of these predictors can aid in early identification of children at risk
in order to help appropriately design rehabilitation programs.
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Introduction

Aggression is one of the most serious psychiatric consequences after paediatric traumatic brain
injury (TBI) [1,2]. Postinjury aggression can lead to self injury, caretaker injury, property
damage, isolation from family, peers and community, and placement in more restrictive
settings [3,4]. Despite the serious impact of aggression on paediatric TBI outcomes, prior
studies have focused on investigating the broader category of disruptive behaviour problems,
which includes aggression. However, no studies have focused solely on aggressive behaviours
that can present after TBI. Such knowledge can help guide appropriate rehabilitation and reduce
postinjury psychiatric impairment.
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In many studies of aggressive behaviour, aggression is often used interchangeably with
disruptive/ externalizing types of behaviour [5]. However, overt aggression is a specific type
of disruptive behaviour, and needs to be clearly defined and distinguished from other disruptive
and externalizing behaviours [5,6]. Aggression can be broadly defined as behaviour
deliberately aimed at physically, relationally, and/or psychologically harming people and/or
objects [5,7]. Aggression can also be a feature of mood and anxiety disorders, as poor emotion
regulation may lead to feelings of fear, anxiety, and anger in situations perceived as threatening
or stressful, resulting in overly hostile attributions and reactive aggression [8].

In general aggression literature, recent studies have focused on contextual risk factors from a
developmental perspective. Developmental models of aggression suggest that physical
aggression may be common in infancy and early childhood, but that through socialization
processes, aggressive behaviors are replaced with more appropriate prosocial behaviors [9,
10]. The persistence of aggression into later childhood and adolescence indicates a deviation
from typical development and a lack of self-regulation or poor adaptive coping, [10,11].
Numerous risk factors for the persistence of aggression from early childhood into later
childhood and adolescence have been identified. Child characteristics include low 1Q,
impulsivity, hyperactivity, a lack of empathy, and fearlessness [12]. Familial and parental risks
include low levels of education, antisocial behavior, poor parenting skills, high levels of
parental discord, and young age of mother at onset of childbearing [10]. There is also support
for genetic influences on the persistence of aggression [10].

The majority of literature about aggression after TBI has focused on adults. These adult studies,
using validated measures of symptoms of aggression, suggest that 35 to 38% of individuals
with TBI display aggressive behaviour in the first 6 months after injury [2,13] and that these
behaviours may persist in as many as 25% of cases for 5 years after injury [14].

In children with TBI, most studies focus on postinjury disruptive behaviours (e.g. oppositional
behaviour, rule violations) and other behaviour problems (e.g. hyperactivity, inattention,
impulsivity), rather than specific aggressive behaviours. Severity of injury, impaired preinjury
family functioning, low SES, and preinjury behavioural problems are commonly found to be
associated with post-TBI new onset behaviour problems or other psychiatric disorders [15-
21]. In a study of children with mild to severe TBI, 52% of children with severe TBI presented
with behaviour problems 1-year postinjury, compared to 14% in an orthopedic injury control
group [22]. In a study focusing on personality change in children following severe TBI, Max
and colleagues reported that 38% of the children presented with the aggressive type of
personality change [23]. Such changes in a child’s psychiatric status have been found to persist
for at least two years after injury [24].

Given the limited data on post-TBI aggression in children, the goals of this study were to
explore the prevalence of aggressive behaviours in children with severe TBI using validated
measures of symptoms of aggression and to identify various psychosocial and contextual
predictors of postinjury aggressive behaviours in this cohort. We hypothesized that children
with TBI would display a significantly greater number of aggressive symptoms after injury
than prior to injury, as reported by their parents. Also, we expected increased injury severity,
lower SES, higher rates of preinjury family stress, and presence of child preinjury behaviour
problems to be associated with an increased risk for post-injury aggressive behaviours.

Participants included 97 children, aged 4 to 19 at time of injury, admitted to a paediatric
inpatient rehabilitation center between 1992 and 1997 following severe TBI. Enrollment
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occurred on average of 23 days postinjury (range = 4-246 days). The wide range of enrollment
is due to one outlier, who was the first patient enrolled in the study. This participant was already
several months into their rehabilitation admission when the study commenced. Exclusion
criteria consisted of previous hospitalizations or emergency room visits for TBI, documented
child abuse, premorbid mental retardation, or preinjury central nervous system pathology. One
family declined participation in the study while another family was excluded due to the primary
caregiver’s cognitive impairments secondary to her own brain injury, sustained concurrently
with the child’s injury. No participants were lost to follow-up. Approval was granted for this
study from the Johns Hopkins Medicine Institution Review Board. Informed consent was
obtained by the child’s parent/caregiver at enroliment.

Preinjury child and family variables were evaluated at time of enrollment, based on parent
report of the child’s behaviour over the 2 weeks prior to injury. Preinjury assessments
conducted with the child’s parent included the Diagnostic Interview for Children and
Adolescents, parent version (DICA-P), the Overt Aggression Scale (OAS), and Child Behavior
Checklist (CBCL). The Modified Psychosocial Adversity Scale was completed at 1-year
follow-up to retrospectively assess the level of psychosocial adversity in the family preinjury.
Each of these measures were administered by a board certified licensed psychiatrist (J.P.G.).

One year after injury, the parent completed the OAS and CBCL based on the child’s current
behaviour. The Disability Rating Scale (DRS) was also rated by the parent at 1-year follow-
up to evaluate the child’s functional disability at that time.

Socioeconomic Status—The Hollingshead Four Factor Index of Social Status, a weighted
scale ranging from 8 to 66, was used to calculate the child’s socioeconomic status (SES)
[25].

Preinjury Special Education—Preinjury special education status was recorded using a
dichotomous variable indicating if the child was or was not receiving special education services
prior to injury.

Injury Severity—Severity of brain injury was measured via the Glasgow Coma Scale (GCS)
upon admission to the emergency room. GCS predicts morbidity and mortality following brain
injury [26,27]. Only children with severe TBI (GCS scores of 3—-8) were included in this study.

Measure of Childhood Emotional and Behavioural Functioning—Parent ratings on
the Child Behavior Checklist (CBCL) were used to assess behavioural and emotional problems
in participants. The CBCL consists of eight subscales and two domains. The Internalizing
domain includes the Withdrawn, Anxious/Depressed, and Somatic Complaints subscales. The
Externalizing domain contains the Aggressive and Delinquent behaviour subscales. Social,
Thought, and Attention problems are separate subscales not included in the domains. T scores
are generated for each subscale, for the Internalizing and Externalizing behaviour domain
composites, and for a Total Composite score (all subscales combined). T scores between 65
and 69 are considered to be in the borderline clinical range with scores 70 and above considered
clinically significant. Total CBCL as well as subscale scores were the outcome variables in the
regression analyses.

Aggression—The primary measures of aggressive symptoms were the CBCL Aggressive

behavior subscale and the modified Overt Aggression Scale (OAS). The OAS is a well-
validated aggression scale that has been used in adult and child psychiatric populations [1].
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The OAS used in the current study was modified from a behavioural observation system to a
parent rating scale. Severity of aggressive behaviour was rated in four categories, including
verbal aggression, assault against objects, assault against others, and assault against self [28].
The OAS is scored based on frequency and severity of aggressive incidents. Higher scores are
assigned to more frequent and severe aggression. Scores range from 0-40 for verbal aggression,
0-72 for physical aggression against self, 0-56 for physical aggression against objects, 0-72
for physical aggression against others, and 0-240 for total aggression. The total OAS score as
well as subscale scores were examined as outcome variables.

Anxiety Aggregate Score—Preinjury anxiety was assessed by calculating the Anxiety
Aggregate, a composite anxiety measure that consists of summing the total individual anxiety
symptoms reported on the DICA-P. A total of 48 symptoms comprised this aggregate and
included 12 separation anxiety symptoms, 8 overanxious symptoms, 12 simple phobia
symptoms, 11 obsessive-compulsive symptoms, and 5 avoidant symptom questions.

Psychosocial Adversity—Preinjury psychosocial adversity was assessed with the
Modified Psychosocial Adversity Scale modeled after the scale composed by Brown and
colleagues [22]. This scale consists of eight psychosocial risk factors related to childhood
psychiatric disorder [29]. These include 1) single parent household; 2) verbally or physically
aggressive interactions between parents on a regular basis; 3 and 4) mental health treatment
for mother or father; 5 and 6) substance abuse by mother or father; and 7 and 8) criminal
conviction for mother or father. Each factor received 1 point if it occurred during the year
before the injury with a score of 8 indicating the highest adversity.

Disability Rating Scale—The Disability Rating Scale (DRS) is an eight item measure used
to assess functioning and independence after TBI [30]. The scale consists of six areas of
functioning, where a higher score indicates increased disability. The scale ranges from 0 (no
disability) to 30 (death). Appropriate modifications were used, such as assessing independent
and school functioning rather than job functioning [31].

Data Analyses

Paired t-tests were used to examine changes in aggressive behaviour (OAS Total Aggression
and CBCL Aggressive Behavior) between baseline and at 1year post injury. Univariate
regression analyses were used to identify predictors of postinjury aggression. Predictor
variables included the following: 1) preinjury aggression (OAS total aggression, CBCL
Aggressive Behavior), 2) preinjury child psychosocial variables (CBCL Social Problems,
Anxious/ Depressed, Withdrawal, Somatic Complaints, Problems with Thought, Attention
Problems, and Delinquent Behavior, Anxiety Aggregate score, and Preinjury special education
status), 3) preinjury family psychosocial variables (SES, preinjury psychosocial adversity), 4)
injury variables (GCS, DRS at 1-year follow-up), and 5) child demographic variables (sex, age
at injury). Variables significant in the univariate regressions were entered into a hierarchical
multiple linear regression model, in blocks based on the categories described above, predicting
total aggression as measured by the OAS at 1 year postinjury. Four additional hierarchical
multiple linear regression models were created with the same variables to examine predictors
of specific types of aggression (OAS verbal aggression, OAS aggression against self, OAS
aggression against others, and OAS aggression against objects at 1-year follow-up).
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Results

Characteristics of the Sample

General demographics, psychosocial, and injury characteristics for the study sample are
described in table 1. Approximately 80% of the sample was injured in automobile-related
incidents. The mean initial Glasgow Coma Scale (GCS) score was 5.42 SD = 1.8.

Comparison of Preinjury and Postinjury Aggression

Comparison of OAS scores indicates that there was a significant increase in levels of verbal
aggression [t(96) = —3.25, p<0.01, d = —0.38], physical aggression toward objects [t(96) =
—3.78, p<0.01, d = —0.43], physical aggression against others [t(87) =—2.43,p=0.02,d =
—0.31], and total aggression from pre- to postinjury [t(96) =—3.80, p <0.01, d =—0.44]. Physical
aggression against self did not increase [t(96) = —1.50, p = 0.14, d = —0.20; figure 1]. There
was also a significant increase in aggressive behaviour, as measured by the CBCL-parent report
[t(96) = —2.64, p = 0.01].

The CBCL Aggressive Behavior scores indicated borderline clinical and clinically significant
levels of aggression in 16 of 97 (16.5%) of the children preinjury and 20 of 97 (20.6%) of the
children postinjury. Of the 16 children rated as having borderline clinical and clinically
significant levels of aggression preinjury, 11 persisted as aggressive after injury and 9
additional children moved into the borderline clinical or clinically significant range postinjury.

Predictors of Aggression

Univariate regression analyses indicated multiple preinjury variables that were significantly
predictive of increases in postinjury OAS total aggression scores (all p-values < 0.05; table 2).
Significant predictors included preinjury aggression variables (OAS total aggression and
preinjury CBCL Aggressive Behavior), preinjury child psychosocial variables (preinjury
CBCL Social Problems, preinjury CBCL Attention Problems, preinjury CBCL Anxiety, and
preinjury placement in special education), preinjury family psychosocial variables (preinjury
psychosocial adversity), and injury variables (disability ratings on the DRS reported at the 1-
year follow-up). None of the child demographic variables were predictive of post-injury ratings
of aggression. The variables, R-square, and unstandardized beta weights appear in table 2.

The variables significantly predictive of OAS ratings in the univariate analyses were included
in the hierarchical multivariate regression model predicting OAS total score. The overall model
accounted for 37.6% of the variance in postinjury OAS total aggression [F(8, 94) = 6.47, p <
0.01]. Though OAS and CBCL ratings of preinjury aggression accounted for 22% of the
variance, the change in R-square was significant when preinjury child psychosocial variables
were added to the model, accounting for an additional 9% of the variance. The two variables
within the child psychosocial block that were significant predictors include CBCL attention
problems and the anxiety aggregate. Current level of disability also added predictive power
above and beyond ratings of aggression and preinjury attentional problems and anxiety. Change
in R2 for each step of the analysis as well as unstandardized beta weights for each predictor in
the final model are presented in table 3.

Hierarchical regression analyses predicting postinjury OAS subscale scores resulted in
significant models for verbal aggression [F (8, 94) = 4.48, p < 0.01], aggression against objects
[F (8, 94) = 7.54, p < 0.01], and aggression against others [F (8, 94) = 4.89, p < 0.01], but not
for aggression against self [F (8, 94) = 1.16, p = 0.33]. For all three models, preinjury ratings
of aggression accounted for the largest amount of variance, although child psychosocial
variables predicted aggression against others and aggression against objects above and beyond
preinjury aggression ratings. Disability level was also significantly predictive of aggression

Brain Inj. Author manuscript; available in PMC 2009 November 25.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 6

against others, even after accounting for aggression ratings and child and family psychosocial
variables. Results for the three significant models are presented in table 3.

Discussion

In this study, we examined various psychosocial and contextual factors that contribute to
displays of aggressive behaviour after severe TBI in children. Using two different measures
of aggressive behaviour, we found that there was a significant increase in caregiver ratings of
aggressive behaviours after TBI, and that this increase was associated with medium effect sizes.
Additionally, postinjury aggression was related to multiple preinjury child behaviour variables
as well as current level of disability. In contrast to expectations, postinjury aggression was not
associated with SES or family stress.

The finding of aggressive behaviours increasing after TBI is consistent with studies of adults,
where rates of aggression in adults with TBI are found to be higher than in adults without brain
injuries [2,13,14]. Though the percentage of participants rated within the borderline clinical or
clinically significant range on the CBCL Aggressive Behavior scale was lower (20%) than
most prevalence rates reported in adult aggression literature [2,13,14], it represents a higher
proportion than is typically observed in typically developing paediatric populations [32].
Additionally, onset of new aggression in a subset of individuals is of clinical concern since
general aggression literature suggests that new onset of aggressive behaviors after early
childhood is a deviation from normal development [9,10]. Ratings on the OAS suggest that
not all types of aggressive behaviours increase after childhood TBI. Specifically, we noted
significant increases in verbal aggression, aggression against others, and aggression against
objects increase after TBI, but not aggression against self.

Preinjury aggression was one of the strongest risk factors for postinjury aggression. In fact,
most of the children who displayed high levels of aggression before their injury continued to
present with aggressive symptoms after their injury. This is consistent with past studies that
suggest one of the best predictors of aggression in late childhood and adolescence is presence
of aggression in early childhood [10].

Ratings of preinjury inattention were predictive of postinjury aggression, even after controlling
for preinjury aggression. Our findings are consistent with developmental models of aggression
which suggest that children with poor behavioural dysregulation, characterized by inattention
and poor impulse control, are at risk for displaying reactive aggressive behaviours [12]. This
finding is also consistent with previously documented links between inattention and aggression
in this cohort. In an earlier study, children with Attention-Deficit Hyperactivity Disorder
(ADHD) and TBI presented with higher rates of aggressive behaviour than children with TBI
but no ADHD [15].

Results also indicated that children with higher reported preinjury anxiety were more likely to
present with aggressive behaviours after TBI. Though anxiety is typically viewed as a
protective factor for the expression of aggression [33], serving to help regulate impulsivity in
the presence of poor inhibitory control [34], anxiety has also been associated with a range of
psychiatric disorders in adolescence, including Conduct Disorder and ADHD [35]. Brain injury
may alter the modulatory effect of anxiety on inhibition [36], resulting in increased aggressive
behaviours post-TBI.

In our study, injury severity as measured by GCS was not a predictor of postinjury total
aggression, though the DRS, a measure of current functional disability, was associated with
postinjury displays of aggressive behaviour. In this sample of children with severe TBI, it is
likely that GCS is not sensitive enough to detect change given the restricted range of initial
GCS scores in this group of children with severe TBI. The association between the DRS and
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post-injury aggression scores suggests that the emergence of aggressive behaviour post-TBI
may be mediated by a combination of the severity of injury to the brain and the child’s
functional disability. More specifically, aggressive behaviour may be related to the child’s
decreased ability to modulate emotional responses and increased frustration due to new onset
of functional problems.

Our results suggest that preinjury psychosocial adversity was not associated with postinjury
aggression. This finding is contrary to previous studies of paediatric TBI, which have routinely
found that children from less socially advantaged backgrounds have a higher incidence of post-
TBI behavioural problems [20,22,23,37,38,39]. Also, aggression in children and adolescents
has been linked to a number of family factors, such as parental violence, approaches to
discipline (e.g. harsh and/ or inconsistent), lack of monitoring of the youth, and unclear
expectations for behaviour [40-44]. Though the psychosocial adversity measure used in this
study includes two items regarding parental violence, item analysis was not available for the
current study. Additionally, measuring psychosocial adversity preinjury at the 1-year follow-
up may have prevented accurate recall of information or have introduced additional bias, thus
contributing to a lack of significant results.

The current study has several other limitations. First, preinjury information was obtained
retrospectively after injury, possibly introducing bias into the measures. While not ideal, this
is standard when studying children with severe brain injuries. Also, due to the lack of a control
group, we were unable to explore if aggression increases with hospitalizations and
circumstances unrelated to TBI, such as orthopedic injuries. Additionally, though the OAS is
widely used in studies of aggression, and some normative data exists with adults [10], there
are no normative data for paediatric populations for this measure or the scoring method used
for the OAS in the current study. Though we used concurrent scores from the CBCL Aggressive
Behavior subscale, which does have normative data and provides clinically meaningful
information, itis difficult to fully understand how clinically meaningful increases in raw scores
are on the OAS. Finally, as all of the children in this study sustained a severe TBI and required
inpatient rehabilitation, we are unable to generalize the results to children with less severe
injuries.

Despite these limitations, this study advances knowledge on aggressive behaviours post-TBI
in children. These results suggest that children who sustain a severe TBI are at risk for increased
aggressive behaviour after injury, particularly when there is a preinjury history of aggression,
attention problems, or anxiety. In addition, children with more severe postinjury functional
disabilities appear to be at greater risk for displays of aggression post-TBI. Knowledge of risk
factors for aggressive behaviour post-TBI can aid in developing appropriate treatment
programs for individuals who are at risk for aggressive behaviour. Future studies that
prospectively follow children with TBI over longer periods of time may help to elucidate how
aggressive behaviour changes during recovery and development as well as how these
behaviours differentially respond to interventions.
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Figure 1.
Preinjury and Postinjury Overt Aggression Scale mean raw scores (Parent report, n = 97)
*p< 0.05
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Table 1

Descriptive characteristics of the sample (n = 97)!

%

Sex
Male
Female

Ethnicity
African American
White
Other

Mechanism of Injury
Pedestrian

Passenger/ driver

Bicyclist
Fall

Assault
Other Injury

58
42

55
39
6

53
28

10Age at Injury (years)

3 Socioeconomic Status

2 psychological adversity score
4 Glasgow Coma Scale score®

Page 12

Mean SD

10.56 3.83
34.49 13.01
1.43 151
5.42 1.81

aHoIIingshead Index, total possible range 8-66.

bModified Psychosocial Adversity Scale, total possible range 0-8.

CGlasgow Coma Scale, total possible range included in this study 3-8.

1Adapted from Vasa and colleagues [24].
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Table 2

Univariate regression analyses (parent report, n = 97).

Page 13

Preinjury Variables R? B
1) Aggression .
OAS total aggression 0.16 0.75

CBCL Aggressive Behavior 0.19 1,44*
2) Child Psychosocial .
CBCL Social 0.05 1.02
CBCL Anxious/ Depressed 0.02 0.64
CBCL Withdrawal 0.00 -0.21
CBCL Somatic Complaints 0.00 —-0.04
CBCL Thought 0.03 0.61
CBCL Attention 0.05 0.98
CBCL Delinquent Behavior 0.18 142
Anxiety Aggregate 0.09 2.57
Special Education Status 0.08 17.55"
3) Family Psychosocial
SES 0.01 —0.22
Psychosocial Adversity 0.07 431
4) Injury
GCS at hospital admission 0.00 041
DRS at 1 year 0.11 455
5) Child Demographic
Age at Injury 0.00 -0.31
Sex 0.00 454

Note. B = unstandardized Beta weight

p<0.05
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