Aggression after traumatic brain injury (TBI) is
common but not well defined. Sixty-seven partic-
ipants with first-time TBI were evaluated for
aggression within 3 months of injury. The preva-
lence of aggression was found to be 28.4%, pre-
dominantly verbal agqression. Post-TBI aggres-
sion was associated with new-onset major
depression (p=0.02), poorer social functioning
(p=0.04), and increased dependency in activities
of daily living (p=0.03), but not with a history
of substance abuse or adult/childhood behavioral
problems. Implications of the study include early
screening for aggression, evaluation for depres-
sion, and consideration of psychosocial support in
aggressive patients.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2009; 21:420-429)
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ggression is one of the most common conse-

quences of traumatic brain injury (TBI). Preva-
lence estimates of post-TBI aggression range from 11%'
to 34%,” likely due to differing samples and definitions.
However, the phenomenology of post-TBI aggression is
not yet well defined.’> Aggression may manifest as ver-
bal and/or physical aggression, but it is unclear if dif-
fering expressions of aggression are distinct syndromes
or if they constitute a continuum of symptoms. Under-
standing the phenomenology and expressions of ag-
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gression in post-TBI aggression may help investigators
with treatment and prevention. Post-TBI aggression
may be a symptom of delirium, mood disorder,* or
personality change secondary to TBL.?> Aggression inter-
feres with rehabilitation and is a major cause of burden
to both the patient and caregivers.” Understanding the
correlates and predictors of aggression may provide
important clues for the prevention and treatment of
post-TBI aggression, thus improving the rehabilitation
potential in the crucial early post-TBI period.

Prior studies have shown that post-TBI aggression is
correlated with depression, frontal lobe lesions, poor
pre-TBI psychosocial functioning, and a history of alco-
hol and substance abuse.?°® However, most of these
studies focused on subjects who were several months to
years postinjury. There is only one published study of
aggression in the first 3 months after injury, which re-
ported that severe TBI patients had cognitive and be-
havioral problems, but not emotional problems, when
compared with mild to moderate TBI patients.” In the
current study, we present preliminary cross-sectional
findings on the prevalence and that correlates of aggres-
sion within 3 months of TBI in participants who are not
delirious. We hypothesized that aggression would be
common after TBI, aggression would include both ver-
bal aggression and physical aggression, and correlates
of aggression would include major depression, sub-
stance abuse, and adult/childhood behavior prob-
lems.*?

We sought to examine aggression in the first 3
months of TBI and characterize its severity and associ-
ation with psychiatric diagnoses in adults with a first-
time closed-head injury. This study is part of a larger
ongoing study to determine prevalence and risk factors
associated with the development of psychiatric disor-
ders after TBI. The results presented here are thus pre-
liminary.

METHODS

We performed an observational prospective study of
the prevalence of aggression in the 3 months following
TBI in a cohort of participants recruited within 3
months of trauma. We assessed the prevalence and sub-
grouping of aggression symptoms. We then examined
the correlates of post-TBI aggression in a nested case-
control design.
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Participants and Procedures

A total of 107 patients with first-time closed-head inju-
ries were recruited within 3 months of trauma from the
acute trauma unit of the Johns Hopkins Hospital and
the Brain Injury (rehabilitation) Unit of Kernan Hospital
at the University of Maryland. Evaluations were com-
pleted only on participants who were able to give in-
formed consent; we evaluated the ability of participants
to give informed consent based on their treating physi-
cians’ opinions and based on the abilities of the partic-
ipants to accurately summarize the study and their
roles in it. All participants received two study evalua-
tions within 3 months of the TBI. The first evaluation
(VO0) assessed lifetime history of psychiatric problems
and pre-TBI psychosocial functioning in those partici-
pants who were able to provide written informed con-
sent within the first 2 weeks of trauma. The second
evaluation (V1) of these participants was done approx-
imately 3 months postinjury to assess psychiatric prob-
lems and psychosocial functioning after traumatic brain
injury. However, for participants who were unable to
give consent within the first 2 weeks, both pre-TBI and
post-TBI status were assessed at the time they were able
to provide informed consent, but within 3 months after
the TBI (i.e., for these participants, VO and V1 data were
collected at a single visit corresponding to the V1 visit).
Information from a collateral informant was collected
whenever possible on both pre-TBI and post-TBI status
on all psychosocial measures.

Of the 107, 40 participants did not return for the
follow-up visit and were therefore excluded from this
analysis. Of the 40 excluded, 25 could not be contacted
because of incorrect address and telephone numbers,
eight refused to participate, five had unstable medical
problems, one was incarcerated, and one had anoxic
brain injury.

For the purposes of the study, TBI was defined as
having at least one of the following: (a) clear history of loss
of consciousness; (b) Glasgow Coma Scale score less
than 15; and/or (c) evidence of trauma (contusion or
hemorrhage) on computerized tomography (CT) scans
done as part of clinical workup. Other inclusion criteria
included the ability to provide consent personally, age
at least 18 years old, and admission to the hospital for
evaluation of head trauma. Exclusion criteria included
prior TBI, an open-head injury (e.g., a displaced skull
fracture or a gunshot wound), or a history of any other
type of brain illness (e.g., stroke, seizure, or encephali-
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tis). The study was approved by the institutional review
board of both universities.

Measures  All measures were administered by a neuro-
psychiatrist (VR) except the cognitive tests, which were
administered by the study research coordinators (JS
and MB).

Aggression The Overt Aggression Scale’ was used to
assess verbal and physical aggressive behavior. This
scale has two sections. The first assesses four types of
aggressive behavior: verbal aggression, physical ag-
gression against objects, physical aggression against
self, and physical aggression against others. The sever-
ity of each subtype can be rated using a weighted score:
verbal aggression (1-4 points), physical aggression to-
ward objects (2-5 points), physical aggression toward
self (3—6 points), and physical aggression toward others
(3-6 points), with a range of 0-21 for the total Overt
Aggression Scale score (higher scores indicate more se-
vere aggression). The second section rates interventions
provided by staff at the time of the incident. As the
focus of the study is to assess prevalence and correlates
of aggression after TBI, only the first section of the scale
was administered at V1. The Overt Aggression Scale
has been validated in adult and pediatric inpatients
with neuropsychiatric illness and violent behavior.'’~*2
Other researchers have also noted significant correla-
tion between the Overt Aggression Scale and the Aber-
rant Behavior Checklist Community Scale irritability
subscale in a study of outpatient youths with aggres-
sion.”

Psychiatric Diagnoses Axis 1 psychiatric diagnosis was
determined using the Structured Clinical Interview for
DSM-1V axis I disorders (SCID-I)-Clinician Version.'*
Diagnoses such as impulse control disorder and inter-
mittent explosive disorder, which are probably relevant
to TBI aggression, were not obtained because the SCID-I
does not contain these diagnoses.

Severity of TBI The severity of TBI was determined by
the Glasgow Coma Scale (GCS), the most widely used
instrument for quantifying TBI severity. The GCS is
administered by the trauma staff or the emergency
room personnel in their initial evaluation and has a
range of 3-15. GCS scores of 3-8 are considered severe
TBI, 9-12 moderate TBI, and 13-15 mild TBL'> All those
determined to have mild TBI, as defined by GCS, also
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met the mild TBI criteria of the American Congress of
Rehabilitation.'® The American Congress of Rehabilita-
tion Medicine (ACRM) defines mild TBI as traumati-
cally induced physiological disruption of brain mani-
fested by at least one of the following: (a) any period of
loss of consciousness; (b) any loss of memory for events
immediately before or after the accident; (c) any alter-
ation in mental state at the time of the accident (e.g.,
feeling dazed, disoriented, or confused); and (d) focal
neurological deficit(s) that may or may not be transient.
However, the duration of posttraumatic amnesia
should not be greater than 24 hours, the duration of loss
of consciousness should not exceed 30 minutes, and the
initial Glasgow Coma Scale (GCS) score should range
from 13-15 after 30 minutes postinjury.

Medical Comorbidity Medical comorbidity was as-
sessed using the General Medical Health Rating scale.'”
This rating, which ranges from 1 (poor health) to 4
(excellent health), provides a global assessment of a
person’s medical problems and medications. Data on
the number of medications used by each patient were
collected, but not the type of medications.

Psychosocial Functioning Participants’ pre- and post-
TBI psychosocial functioning was assessed using the
Social Functioning Exam and the Social Ties Checklist.'®
Both these scales have been used in prior TBI stud-
ies.'”?° Scores on the Social Functioning Exam and the
Social Ties Checklist range from 0 (greatest satisfaction)
to 1 (least satisfaction). The reliability and validity of
these instruments have been demonstrated in patients
with brain injury.*!

Family History of Psychiatric Illness Family history of
psychiatric illness was assessed using the Family His-
tory Screen instrument.*

Behavior and Legal Problems Pre- and post-TBI behavior
and legal problems were also analyzed. Childhood be-
havioral problems were defined by the presence of two
or more of the following: suspension from school, ex-
pulsion from school, setting fires, cruelty to animals,
and/or destroying property. Adult behavioral prob-
lems were defined as being fired from work, fights, or
violent behavior that interfered with interpersonal re-
lationships and occupational or social life. Legal prob-
lems were defined as the presence of one or more of the
following: arrests, incarcerations, jailed, or being placed

J Neuropsychiatry Clin Neurosci 21:4, Fall 2009



on parole or probation. Both pre- and post-TBI legal
status were included in the assessment.

Cognitive Tests Neuropsychological tests were admin-
istered to all study participants at V1. The battery con-
sisted of the Mini-Mental State Examination (MMSE)?%;
the National Adult Reading Test**; verbal fluency (let-
ters “s” and “p”) and category (animals and supermar-
ket)*; Hopkins Verbal Learning Test—Revised®®; Brief
Visuospatial Memory Test—Revised®’; Trail Making
test®s; Stroop Color and Word Test?”; Brief Test of At-
tention®; and the Wisconsin Card Sorting Test.*'

Neuroimaging  All participants had a head CT scan per-
formed as part of routine clinical care. The CT results
were categorized as presence or absence of lesions in
different brain regions (i.e., right, left, bilateral frontal,
temporal, parietal, occipital, subcortical).

Data Analysis

Participants were categorized as having “aggression” if
they endorsed any of the subtype anchor questions on
the Overt Aggression Scale. Those who endorsed a
screening question for a particular subtype were then
asked follow-up questions to quantify the severity of
aggression on that subtype.

Descriptive statistics were calculated for all partici-
pants and for subgroups stratified by post-TBI aggres-
sion status. The significance of group differences (two-
tailed) on individual variables was compared using
Pearson’s chi-square and Fisher’s exact test for categor-
ical variables and Student’s t test for continuous vari-
ables. The criterion for statistical significance was set at
p<0.05.

To assess the strength of the relationship between
aggression and the demographic and clinical factors,
we conducted univariate logistic regression analysis
with presence/absence of aggression as the dependent
variable. On comparison of the two groups, those vari-
ables that were statistically significant and those that
trended toward significance were included as indepen-
dent variables in the univariate regression analyses.
Significance levels were set at p<<0.05.

RESULTS

A total of 107 participants who met the study inclu-
sion/exclusion criteria were enrolled at V0. Of these,
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only those who received a first follow-up visit (i.e., only
those with data for V1) (n=67) were included in this
analysis. Forty participants (n=40) were excluded from
the analysis as they did not have a V1 visit 1-3 months
postinjury.

There were no significant differences between those
with V1 data and those without V1 data in age, gender,
severity of TBI, nature of TBI, income, race, marital or
living situation, pre-TBI depression, and pre-TBI alco-
hol or substance abuse problems. The only significant
difference was that the majority of participants without
V1 data had a normal head CT (80% compared with
53.7%, p=0.007).

Sample Demographics

Table 1 summarizes the demographic information of
the sample. Motor vehicle accident (53.7%) was the
most common cause of TBI, followed by falls (22.4%)
and assaults (22.4%). Mild TBI (GCS score of 13-15) was
seen in 59.7% of the sample, moderate TBI (GCS score
9-12) in 13.4%, and severe TBI (GCS score<9) in 26.9%.
All patients were ambulatory and medically stable.
Only 9% had a General Medical Health Rating score of
1 (poor health: several unstable medical problems), 21%
had a score of 2 (fair health: more than one unstable
medical condition and/or several stable but chronic
medical problems), 40% had a score of 3 (Good: one
unstable medical problem or few stable medical prob-
lems) and 30% had a score of 4 (Excellent: no current
unstable medical problems).

Prevalence and Symptoms of Aggression (Table 2 and
Table 3)

The prevalence of aggression was found to be 28.4%.
Verbal aggression (28.4%) was the most prevalent sub-
type of reported aggression in the post-TBI period.
Only one participant displayed both verbal aggression

TABLE1. Sample Demographics (n=67)
Variables Analysis
Mean SD
Age in years 42.6 17.7
Education level in years 13.1 2.9
n %
Male gender 41 61.2
Full- or part-time employed prior to TBI 51 76.1
Married or presence of partner prior to TBI 44 65.7
Annual income >$20K 38 56.7
Non-Caucasian race 31 46.3

TBI=traumatic brain injury
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and physical aggression against objects. No participants
displayed aggression against self or others. The two
most common symptoms of verbal aggression included
angry shouts and vicious cursing with moderate threats
of violence. As verbal aggression was the most common
type of aggression, subsequent analyses examine solely
verbal aggression as an outcome.

Participants With and Without Aggression on Demographic
and Injury Variables There were no statistically signif-
icant differences on demographic and injury variables
between participants with and without aggression in
the post-TBI period. However, female gender was as-
sociated with aggression, trending toward statistical
significance (p=0.055) (Table 4). In addition to compar-
ing the two groups on the GCS, the groups were also
compared on the duration of loss of consciousness, but
no significant differences were noted between those
with and without aggression (Table 5). Similarly, there
was also no significant difference on the Overt Aggres-
sion Scale between those with mild TBI and moderate/
severe TBI (t=1.18, df=17, p=0.25)

Participants With and Without Aggression on Clinical Vari-
ables Participants with aggression in the post-TBI pe-
riod had a higher prevalence of new-onset major de-
pression in the post-TBI period (mood disorder due to
general medical condition, major depression-like epi-
sode) (p=0.02). No group differences were observed for
any other axis I psychiatric diagnosis, including pre-TBI
depression and post-TBI major depression, recurrent.
Those with aggression were also more likely to have
poorer social functioning (p=0.04) and increased de-
pendence in personal and instrumental activities of
daily living as assessed by the Lawton Activities of

TABLE 2. Prevalence of Subtypes of Aggression

Subtype n %
Verbal aggression 19 28.4
Physical aggression against self 0

Aggression against objects 1 15
Aggression against others 0

TABLE 3. Symptoms of Verbal Aggression

Symptom n %
Makes loud noises, shouts angrily 9 47.4
Yells mild insults 2 10.5
Curses viciously; moderate threats to self/others 8 42.1
Clear threats of violence towards self or others 0
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Daily Living Scale®” (p=0.03) (Table 6). Similarly, there
were no differences between those with and without
aggression on pre- or post-TBI history of alcohol or
substance abuse, pre- or post-TBI legal problems, or
pre- or post-TBI history of adult behavior problems and
childhood behavior problems.

There was no significant difference between the two
groups on cognitive tests (Table 7) or head CT abnor-
malities (Table 4).

To determine if new-onset major depression in the
post-TBI period (mood disorder due to general medical
condition, major depression-like episode), psychosocial
impairment, and increased dependence in activities of
daily living were associated with injury-related medical
problems, we compared those with and without body
injury on these three variables. Body injury was associ-
ated with increased dependence in activities of daily
living (t=3.29, df=64, p=0.002), but not with psychos-
ocial impairment (t=-0.149, df=64, p=0.88) or mood
disorder due to general medical condition, or major
depression-like episode (x*=0.56, df=1, p=0.69).

Correlates of Post-TBI Aggression (Table 8)

Univariate logistic regression was conducted with pres-
ence/absence of aggression as the dependent variable.
The presence of psychosocial impairment postinjury
was found to increase the odds of aggression in the
post-TBI period 62-fold (odds ratio=62.4; 95% CI=1.32—
2957.42), diagnosis of mood disorder due to general
medical condition, major depression-like episode in-
creased the odds eightfold (odds ratio=8.2; 95%
CI=1.43-47.06), and increased dependence on activities
of daily living increased the risk by 8% (odds ra-
tio=1.08; 95% CI=1.006-1.164). No other correlates at-
tained statistical significance.

DISCUSSION

In a nested case-control study of TBI patients during the
first 3 months following injury, we found that verbal
aggression was quite prevalent, but physical aggression
was virtually absent. Aggression in the post-TBI period
was associated with impaired post-TBI psychosocial
functioning, new-onset major depression post-TBI, and
increased dependence in activities of daily living. Inter-
estingly enough, recurrence of pre-TBI major depres-
sion was not a predictor of aggression.

We report several significant negative findings. Only
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one of the 67 participants exhibited physical aggression,
and this was in a milder form (aggression only toward
objects). None exhibited physical aggression toward

RAO et al.

self or others. We observed no significant association
between post-TBI aggression and several covariates re-
ported in prior studies, including childhood behavior

TABLE 4. Comparison of Those With and Without Aggression on Demographic and Injury Variables

Aggression No Aggression Analysis
Variables (n=19) (n=48) df P
n % n %
Age (mean) 421 18.6 429 17.5 0.16 65 0.88
Education 13.1 2.9 13.1 3.0 0.06 65 0.97
Female gender 11 57.9 15 31.3 x>=0.05 1 0.055
Race (Caucasian) 13 68.4 22 46.8 ¥=0.11 1 0.17
Living with others 16 84.2 39 84.8 FET 1.00
Married/partner 11 57.9 33 68.8 x*=0.39 1 041
Working part-time/full-time 14 73.7 37 77.1 FET 0.76
Self-identified as religious 18 94.7 39 83.0 FET 0.43
Glasgow Coma Scale score 11 4.1 12.7 3.3 17 60 0.10
Cause of injury: motor vehicle accidents 12 63.2 24 50.0 =137 3 0.71
Bodily injury present 13 68.4 28 58.3 x>=0.45 0.58
Presence of any lesion on head CT scan 8 42.1 23 479 X*=0.67 1 0.79
Frontal cortex lesion 9 47.4 20 41.7 X*=0.67 1 0.79
Temporal cortex lesion 3 15.8 10 20.8 FET 0.74
Parietal cortex lesion 2 10.5 6 12.5 FET 1.00
Occipital cortex lesions 1 53 4 8.3 FET 1.00
Brain surgery 3 15.8 1 2.1 FET 0.07
FET=Fisher’s exact test
TABLE5. Comparison of Those With and Without Aggression on Duration of Loss of Consciousness
Aggression No Aggression Analysis

Loss of Consciousness (n=19) (n=48) X df P

n % n %
<30 minutes 10 244 31 75.6
>30 minutes—24 hours 3 33.3 6 66.7
>24 hours 6 33.3 12 66.7 0.647 2 0.72
TABLE 6. Comparisons of Groups on Clinical Variables
Variables Aggression No Aggression t df p

n % n %
Any axis 1 psychiatric diagnosis pre-TBI 15 78.9 36 75.0 FET 1.00
Major depression pre-TBI 2 10.5 4 8.3 FET 1.00
Major depression due to general medical condition (TBI) 5 26.3 2 4.2 FET 0.02
Major depression recurrent post-TBI 0 1 2.1 FET 1.00
Post-TBI anxiety disorder 6 31.6 6 125 0.07 1 0.07
Pre-TBI alcohol abuse/dependence 9 47 .4 26 54.2 0.62 1 0.79
Pre-TBI substance abuse/dependence 9 47.4 24 50.0 0.85 1 1.00
Postconcussion syndrome 6 31.6 5 104 2 0.09
Childhood behavior problems 6 31.6 13 27.1 0.71 1 0.77
Adult behavior problems pre-TBI 6 31.6 14 29.2 0.85 1 1.00
Legal problems pre-TBI 8 421 22 45.8 0.78 1 1.00
Social functioning pre-TBI 0.21 0.16 0.23 0.15 0.54 62 0.59
Social functioning post-TBI 0.33 0.15 0.25 0.14 —2.2 64 0.03
Social ties pre-TBI 0.34 0.17 0.36 0.19 0.48 61 0.63
Social ties post-TBI 0.38 0.15 0.39 0.18 0.32 64 0.75
Personal and instrumental activities of daily living pre-TBI 0.5 15 1.1 4.0 0.65 61 0.52
Personal and instrumental activities of daily living post-TBI 9.6 8.1 53 6.6 -2.3 64 0.03
FET=Fisher’s exact test
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problems, adult behavior problems, legal charges, pre-
or post-TBI substance abuse or dependence, neuropsy-
chological tests or brain lesions.

The prevalence of aggression is similar to what is
reported in the literature,?® as is the mix of TBI severity,
with approximately 60% having mild TBL*® On review-
ing the literature on the subtypes of aggression after
brain injury, several studies have noted an association
between brain injury and physical aggression.>*” Only
one person reported a history of physical aggression in
our study. Our findings are consistent with anecdotal
reports on the predominance of verbal aggression after
TBL**° Dyer et al.*” have also noted a higher preva-
lence of verbal aggression rather than physical aggres-
sion in a sample of TBI patients studied 6 months
postinjury. This discrepancy in the literature could be
due to differences in the definition of aggression, sever-
ity of TBI, and duration since TBI. Another possibility is

that TBI aggression occurs in two forms: mild verbal
aggression associated with mood disorder but not with
preinjury or postinjury behavior problems, and severe
physical aggression which can be more complex and
associated with significant behavior and legal prob-
lems.

We did, however, observe that aggression was
strongly associated with new-onset major depressive
episodes which increased the risk of aggression by
eightfold, but not with recurrent major depression. Pos-
sibly new-onset depression after TBI is a phenotypic
variant of idiopathic major depression with verbal ag-
gression as a presenting symptom. Several other stud-
ies>® have also noted a significant association between
depression and aggression, but none of them have sep-
arated post-TBI depression as new-onset depression
and recurrent depression. This is one of the strengths of
our study.

TABLE 7. Comparisons of Groups on Neuropsychological Tests

Analysis
Variables Aggression No Aggression t df P
Mean SD Mean SD

BTA 6.05 2.9 6.30 3.4 0.280 63 0.780
BVMT total 3 trials 19.13 7.8 19.59 74 0.203 57 0.840
BVMT delayed recall 6.5 3.1 7.36 2.7 0.937 48 0.353
Design fluency total 18.60 8.9 17.71 8.7 —0.332 52 0.742
Dominant hand 67.00 26.14 87.17 53.3 1.143 38 0.260
Non dominant hand 74.22 34.0 79.96 42.7 0.367 35 0.716
HVLT total 3 trials 22.21 74 21.60 6.8 —0.315 63 0.754
HVLT delayed 6.7 3.1 6.8 3.3 0.077 63 0.939
MMSE 27.42 3.4 27.56 29 0.168 65 0.867
Stroop Color Word 30.94 13.8 32.77 13.6 0.469 59 0.641
Trails A 37.44 24.7 46.57 35.6 0.998 63 0.322
Trails B 103.88 73.5 135.45 124.0 1.007 60 0.318
Verbal fluency: letter 23.11 9.4 22.24 9.6 —0.323 61 0.748
Verbal fluency: category 40.17 9.7 39.13 11.6 —0.329 61 0.743
WCST categories 5.37 1.1 5.30 1.30 —0.201 54 0.842
WCST perseverative errors 3.06 6.6 5.00 9.7 0.730 54 0.469

BTA=Brief Test of Attention; BVMT=Brief Visuospatial Memory Test; HVLT=Hopkins Verbal Learning Test; MMSE=Mini-Mental State

Examination; WCST=Wisconsin Card Sorting Test

TABLE 8. Correlates of Aggression

Variable B SE p Exp (B) 95% CI
Glasgow Coma Scale score —0.126 0.08 0.10 0.88 0.75-1.0
Gender 111 0.56 0.05 3.03 1.01-9.05
Mood disorder due to general medical condition at 3-month post-TBI 211 0.89 0.02 8.2 1.43-47.06
Social Functioning Exam score at 3-month post-TBI 413 1.97 0.04 62.4 1.32-2957.42
Increased dependence in activities of daily living at 3-month post-TBI 0.080 0.04 0.03 1.08 1.006-1.166
Brain surgery 2.18 1.19 0.07 9.0 0.855-90.86
Body injury —0.437 0.574 0.45 0.65 0.21-1.99

TBI=traumatic brain injury; B=beta; Exp(B)=beta exponential; MD GMC=mood disorder due to general medical condition, major depression-

like episode
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Many researchers have also noted a relationship be-
tween aggression and premorbid characteristics such as
childhood behavior problems,® adult behavior difficul-
ties, legal problems* and substance abuse.>*' How-
ever, we did not observe these associations in our co-
hort. All prior studies have examined global aggression,
combining both verbal and physical aggression. The
lack of an association in our study could be because our
study observed only verbal aggression, which is likely
to reflect a milder form of aggression than physical
aggression. Thus, it is possible that mild (verbal) ag-
gression is associated with post-TBI depression, while
more severe (physical) aggression may be associated
with adult and childhood behavioral problems and sub-
stance abuse. Our finding of the relationship between
female gender and aggression (that trended toward sta-
tistical significance) was unexpected but not surprising,
given our findings of a positive relationship between
aggression and depressive syndrome. It is well known
that females are at higher risk of developing major de-
pression,*? though this has not been established for TBI
cohorts.

Our study also found a significant association be-
tween verbal aggression and post-TBI social impair-
ment. Baguley et al.® have also noted a significant as-
sociation between poor satisfaction with life and
aggression 6 and 24 months post-TBI. This is not sur-
prising as one might predict that aggression would be
interfering with relationships and reintegration into the
community. However, the increased risk of aggression
in persons with poor social functioning is quite remark-
able (62-fold increased), even higher than that of de-
pression. This finding has significant therapeutic impli-
cations for the immediate post-TBI period, suggesting
the particular importance of improving psychosocial
support, strengthening social connections, and provid-
ing adequate resources via individual, group, and fam-
ily therapy in reducing aggression. Studies have shown
that psychosocial support and positive interpersonal
relationships play an important role in reducing aggres-
sion.*> An alternative explanation for our results is that
early diagnosis and appropriate treatment of aggres-
sion might lead to better social and interpersonal func-
tioning.

The significant association between aggression and
increased dependence in activities of daily living has
been reported before.** One possibility is that persons
with TBI are resistant to assistance provided by their
caregiver, perceiving assistance as an invasion of per-
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sonal space. It is also possible that aggression may be
associated with lack of motivation in the context of
post-TBI depression with concomitant lack of interest in
self-care and help from care providers. Alternatively, ag-
gression may only be a confounder, as our results showed
that those with bodily injuries were more likely to have
increased dependency in activities of daily living.

The literature suggests potential brain mechanisms
for post-TBI aggression. Tateno et al.”> found frontal
lesions to be associated with aggression and suggest
that frontal lobe injury can cause damage to the ascend-
ing serotonergic pathways, which can contribute to the
pathophysiology of both depression and violent behav-
ior. As systematic analyses of neuroimaging data were
not part of our study, we are unable to comment on this
possibility. However, we found no significant differ-
ence between those with and without aggression on CT
head scans, performed as part of clinical workup. Sim-
ilarly, we also did not find any group differences on
neuropsychological tests, and more specifically, on tests
particularly sensitive to the frontal functioning system.
Starkstein and Robinson*> have pointed out that TBI
aggression is probably secondary to loss of balance be-
tween inhibitory pathways in the prefrontal cortex and
excitatory limbic structures that mediate mood. These
mechanisms could explain our finding of an association
between aggression and new-onset depression in the
immediate post-TBI period. More sensitive neuroimag-
ing tools such as functional MRI or diffusion tensor
imaging scans may shed light on the brain mechanisms
underlying TBI aggression.

Our findings do not prove that the aggression in the
post-TBI period observed in our subjects was caused by
the TBI nor that any association was due to the biolog-
ical effects of brain injury. For example, bodily injury
was associated with increased dependence in activities
of daily living which was further associated with ag-
gression. It is possible that bodily injury could be an
important mediator of aggression in the population, but
the small sample size did not allow for systematic as-
sessment of mediators and interactions. Similarly, the
lack of association between TBI severity and aggression
suggests the possibility that factors other than TBI are
responsible for aggression; conversely, it could also
suggest that TBI itself (rather than TBI severity) is an
important risk factor for aggression. The lack of control
groups with exposure to non-TBI bodily injuries and /or
no injury is a limitation in addressing these issues.
Other limitations of the study include the assessment of

http://neuro.psychiatryonline.org 427



AGGRESSION AFTER TRAUMATIC BRAIN INJURY

a narrowly defined cohort of TBI patients. Our study
sample included only those with first-time closed-head
injury, clear history of loss of consciousness, and those
who were hospitalized. These strict inclusion/exclusion
criteria may limit generalizability. Further, medication
data were not available, precluding any study of the
association between medications and aggression. Anti-
psychotics, benzodiazepines, antidepressants, and opi-
oid analgesics are often used in the acute TBI period
and might be effective treatments for severe agitation,
which could account for the absence of physical aggres-
sion in our cohort. Systematic analyses of brain imaging
data were also not performed, and thus we were unable
to assess the association of exact lesion location and
aggression. Finally, aggression was assessed only once
in the acute TBI period by self-reports, which are often
associated with underreporting and minimization of
symptoms. However, whenever collateral informants
were available, the subjects” history was always corrob-
orated.

To the best of our knowledge, this is the second pub-
lished study examining aggression in nondelirious pa-
tients within the first 3 months of TBI. Our finding of a
significant association between poor psychosocial func-
tioning and verbal aggression underscores the point
that psychosocial support is an important aspect of
emotional recovery and therefore should be an integral
part of rehabilitation. Our preliminary finding that
new-onset major depression after TBI, but not recurrent

major depression, is associated with post-TBI aggres-
sion is novel and may have substantial implications for
the phenomenology and treatment of post-TBI aggres-
sion.

CONCLUSION

Aggression in the acute TBI period is common. It is
predominantly verbal, characterized by anger and
threats of violence rather than physical aggression. Sig-
nificant correlates include impaired psychosocial func-
tioning and new-onset major depression. Implications
of the study include early screening for aggression,
evaluation for depression and consideration of psycho-
social support in patients with aggression, and educa-
tion of care providers regarding the frequency of post-
TBI aggression. Future studies should focus on effective
interventions to reduce aggression and improve psy-
chosocial functioning.
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