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Abstract

The objective of this cross-sectional study was to investigate if Traumatic
Brain Injury (TBI) is related to decision-making deficits as well as to height-
ened levels of (reactive) aggression and criminal behavior in a group of Dutch
male prisoners. Characteristics of aggression were assessed using three
self-report questionnaires as well as systematic staff observations, comple-
mented with data from criminal records. A semi-structured interview was
conducted to rate lifetime prevalence of TBI and the Iowa Gambling Task
(IGT) was completed to assess risky decision-making. Out of the total of 133
participants, 74 (55.6%) reported having sustained one or more incidents
with potential TBI. Statistical comparisons between offenders with and with-
out TBI indicated that the offenders with TBI reported significantly higher
levels of (reactive) aggression on two out of three questionnaires than offend-
ers without TBI (p-values ranging from 0.003 to 0.008), but no significant
differences were found on staff observations of aggression and on the IGT.
The higher conviction rates in offenders with TBI compared to the non-TBI
group showed a trend. The confirmed relationship between TBI and higher
aggressive tendencies is especially relevant for forensic populations due to the
high prevalence rates of TBI in offenders. How this relates to specific cogni-
tive processes remains unclear. The lack of a statistical difference between of-
fenders with and without TBI on the IGT is in contrast with literature in
non-offender samples, but seems to be in line with other studies in forensic

populations.
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1. Introduction

In the last two decades, brain functioning of criminals has frequently been the
subject of neuroscientific investigations [1] [2]. This has led to a build-up of
knowledge on specific brain regions and neurocognitive and neurochemical
processes involved in violent and antisocial traits that characterize criminal be-
havior [1] [3] [4] [5] [6]. Interestingly, other investigations focussed on the rela-
tionship between (the occurrence of) criminal behavior and traumatic brain in-
juries (TBI) [7] [8]. It has been found that the prevalence of mild TBI in prison
populations is high [9], with average rates of 46.0% to 60.3% [10] [11] and peaks
up to 94.7% [12]. These numbers clearly exceed the rates of 10.8% to 31.6%,
which are found in the general population [13] [14] [15] [16]. A meta-analysis in
juveniles revealed that already during adolescence the odds of having sustained
mild TBI is 3.38 times higher for offenders than for their non-delinquent peers
[17].

Moreover, it was found that having mild TBI is related to the risk of
re-offending [7], and is statistically stronger related to the number of prior con-
victions in offenders than age, a history of a psychiatric disorder, and low educa-
tion [8]. In addition, there seems to be a link between having sustained mild TBI
and increased levels of violence in a forensic sample [18], just as higher levels of
aggression have been associated with (mild) TBI in community populations [19].

Both the high prevalence rates of TBI in offenders and its potential relation-
ship to violent tendencies, criminal behavior and re-offending, led us to con-
clude that TBI is a potential risk factor to consider in prison settings and foren-
sic care in general. However, little is known about how TBI is related to such ag-
gressive and otherwise antisocial behavior. For example, it is important to know
which specific neurocognitive difficulties influence the outcome of TBI in of-
fenders on a behavioral level in order to find ways to improve this outcome. An-
tisocial and aggressive behavior after TBI has often been linked to damage in or-
bitofrontal and ventromedial regions of the brain [20] [21]. Such brain lesions
are associated with problems in neurocognitive functions that are essential for
adaptive functioning; the latter is a key aspect in the ability to profit from inter-
ventions aimed to prevent recidivism. This includes, for example, deficits in de-
cision-making, and more specific a tendency to take risks and an incapacity to
learn from mistakes [21] [22] [23]. These neurocognitive functions are classically
assessed with the Iowa Gambling Task [22].

In the present investigation it is examined if offenders with suspected TBI
show more decision-making deficits indicating a risky response style than their
peers without TBI. A secondary aim was to investigate if there is a relationship
between TBI on the one hand and criminal histories and aggression on the other
hand. A priori it was hypothesised that, offenders with a lifetime history of TBI
would indicate higher levels of (reactive) aggression, higher numbers of prior
convictions for (violent) crimes and perform worse on the Jowa Gambling Task

compared to offenders without TBI.
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This study was part of a larger study on neurocognitive factors associated with
aggression in a correctional facility in the Netherlands. TBI was not one of the
main topics in that study, but given its clinical relevance, it was decided to share

these additional findings in the current brief report.

2. Method

This study was conducted in a prison facility in the Netherlands (Penitentiary
Institution Vught) in 2014 and 2015 as part of a larger neuroscientific research.
Participants were recruited through posters and letters in different parts of the
prison, such as normal prison regimes, specialized wards for repeated offenders
and psychiatric care units, thus representing a broad spectrum of the prison
population. When interested, they were provided with further written and verbal
information about the study and signed informed consent. It was completely
voluntarily to take part in the study and no incentives were provided. This study
was approved by the Dutch Ministry of Justice and Security with respect to pro-
cedural and ethical aspects.

With the use of a semi-structured interview, it was examined if participants
had sustained TBI by asking the following questions: “Have you ever sustained a
hard blow to your head, leading to a loss of consciousness?” If yes: “how often
did this happen?”, “what was the cause of the blow to your head?” Furthermore,
questions were asked concerning the age of the participant at the time of those
incidents, if participants were treated in a hospital for this, how long the loss of
consciousness had lasted and if a doctor had ever diagnosed an injury to the
brain, and, if so, which type. The answers to those last questions were not in-
cluded in the statistical analysis, because it appeared that participants found it
hard to provide much detail in hindsight, leading to potentially invalid data. The
use of a structured interview is regarded as a valid method of assessing lifetime
exposure to TBI in prisoners, which has been applied in multiple earlier studies
[8] [24] [25].

Hereafter, participants completed a neuropsychological assessment and filled
in self-report questionnaires. Decision-making was assessed with a computerised
version of the Jowa Gambling Task (IGT) [22]. In this task, participants are con-
fronted with four packs of cards, and are instructed to select one card at a time
with the consequence of winning or losing fictitious money. Advantageous decks
give small rewards and small losses, disadvantageous decks give high rewards
and high losses. Normal subjects tend to choose randomly at first, but develop a
clear preference for safe decks during the final 40 drawings. When such a pref-
erence does not become apparent in this stage, this is characteristic of a risky de-
cision-making style [26].

Self-reported aggressive tendencies were assessed with three aggression ques-
tionnaires. The 30-item Impulsive/Premeditated Aggression Scales (IPAS-30)
[27] provides a total score and differentiates in two subscales between impulsive

and instrumental aggression, just as the 23-item Reactive-Proactive Aggression
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Questionnaire (RPQ) [28]. The shortened 12-item Dutch translation of the
Buss-Perry Aggression Questionnaire (BPAQ-r) [29] [30] provides a total score
and four factor scores: “physical aggression”, “verbal aggression”, “rage” and
“hostility”. For each questionnaire applies that higher scores represent more se-
vere characteristics of aggression. The psychometric properties of these three
self-report questionnaires are sufficient [31] [32] [33]. In addition, structured
observational data on aggressive behavior were gathered during four consecutive
weeks. Each week one staff member rated the eleven items of the Social Dys-
function and Aggression Scale [34]. Conviction histories were based on criminal
records.

For a more detailed description of the procedure and instruments, including
their psychometric properties, see Kuin, Masthoff, Munafo, & Penton-Voak [35]
and Kuin & Masthoff [36].

3. Data-Analyses

Data were analysed using IBM SPSS Statistics® software, version 22. The level of
significance was set at a < 0.01 to reduce the risk of a Type-I error due to mul-
tiple analyses. The study data were analysed by dividing all participants into two
groups: one with a history of suspected TBI and one without. Groups were then
compared on measures of decision-making, aggression and criminal histories
using either t-tests or non-parametric Mann-Whitney U tests (when the assump-
tions of normality were not met). Three participants in the TBI group and five in
the non-TBI group dropped out of the study after the initial semi-structured in-
terview. Due to outliers, one participant was left-out of the TBI group before

conducting statistical analyses.

4. Results

Out of the total of 133 participants, 74 (55.6%) reported having sustained one or
more incidents with potential TBI. 59 Participants (44.4%) reported no history
of potential TBI. Within the TBI-group 41 participants (55.4%) reported a his-
tory with more than one blow to the head with loss of consciousness. Table 1
displays the most common causes for brain injuries in the TBI-group.

The characteristics of both study groups and their mean scores on all assessed
measures of decision-making, aggression and crime history, as well as outcome
of the t-tests and Mann-Whitney U-tests are displayed in Table 2. During the
study, 11 participants dropped out before completing the questionnaires.
Therefore, comparative analyses were performed with a reduced number of par-
ticipants (54 in the TBI group and 70 in the non-TBI group). There was no mean-
ingful difference between those groups in their educational levels or age. Even
though, on average, the TBI group had been convicted for four more crimes in
their lifetime than the non-TBI group, differences in the distributions of the
conviction rates were not statistically significant. On the self-report aggression

measures, the TBI group rated significantly more aggressive tendencies than the
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Table 1. Causes of potential TBI.

n % of Injuries
Fight 24 25.0
Traffic Accident 22 22.9
Fall 17 17.7
(kick) Boxing 13 13.5
Victim Physical Child Abuse 6 6.3
Soccer Accident 4 4.2
Other 10 10.4

Table 2. Group characteristics, mean aggression scores, criminal histories and scores on
the IGT of offenders with suspected mild TBI (n = 70) and offenders without suspected
TBI (n = 54) and outcome of group comparisons using t-tests or Mann-Whitney U tests.

Age
Level of education’

Lifetime number of convictions
Lifetime convictions for violent crimes
Lifetime convictions for non-violent crimes
IPAS-30 impulsive aggression scale
IPAS-30 instrumental aggression scale
TPAS-30 total score
RPQ proactive aggression scale
RPQ reactive aggression scale
RPQ total score
BPAQ-r physical aggression scale
BPAQ-r verbal aggression scale
BPAQ-r rage scale
BPAQ-r hostility scale
BPAQ-r total score
Mean SDAS total score from 4 ratings
IGT score block 4
IGT score block 5

IGT NET Total score

TBI Group
Mean (sd)

36.16 (10.81)
3(1-5)
23.33 (22.19)
4.23 (3.72)
19.10 (20.76)
24.31 (9.97)
20.21 (7.93)
73.99 (23.18)
6.31 (5.96)
10.78 (5.21)
17.09 (10.81)
8.19 (3.66)
6.20 (2.41)
6.80 (3.24)
7.32 (3.27)
28.90 (10.18)
3.40 (3.33)
4.24 (9.73)
1.88 (11.43)

10.24 (31.73)

Non-TBI Group

Mean (sd)
36.91 (12.36)

4 (1-6)
19.64 (18.46)
3.72 (3.46)
16.00 (17.30)
24.59 (6.89)
20.75 (5.92)
74.03 (17.09)
4.72 (4.55)
8.17 (4.65)
12.87 (8.58)
7.11 (3.58)
5.19 (2.26)
5.17 (2.65)
6.63 (3.21)
24.09 (9.09)
3.08 (3.31)
1.77 (10.88)
3.40 (10.28)

8.68 (35.59)

p(a=0.01)
0.72
0.90°
0.42°
0.39*
0.51°
0.85°
0.66°
0.99°
0.11
0.005*
0.021
0.10
0.008*
0.003*
0.24
0.007*
0.47°
0.19
0.45

0.80

Note. 'Educational level was based on the classification system of Verhage (1964) [37] in Dutch education
with 6 levels of education: 1) not graduated from primary school, 2) only graduated from primary school, 3)

vocational education, 4) secondary vocational education, 5) higher vocational education, 6) academic edu-

cation. Median scores and ranges are displayed instead of means and standard deviations. * based on

Mann-Whitney U-test instead of t-test, "with correction for significant Levene’s statistic, * statistically sig-

nificant at a < 0.01.
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non-TBI group on the RPQ-r reactive aggression scale (p = 0.005), as well as the
BPAQ-r verbal aggression scale (p = 0.008), the BPAQ-r rage scale (p = 0.003),
and the BPAQ-r total score (p = 0.007). No significant differences between the
groups were found on the IPAS-30, and other scales of the RPQ and BPAQ-r. In
addition, ratings from staff members on aggressive behavior during the past four
weeks, were not significantly higher for the TBI group compared to the non-TBI
group, and neither were measures of risk taking on the lowa Gambling Task.

5. Discussion and Conclusion

The study results show that in a Dutch male prison population, rates of TBI are
high and comparable to prevalence rates of TBI in prison populations in other
countries [8] [9] [10] [11] [17] [38]. Even more, having sustained one or multiple
blows to the head was related to heightened self-reported (but not staff-observed)
aggressive tendencies on two out of the three questionnaires. Such a connection
between TBI and aggression seemed to be the most pronounced for aspects re-
lated to reactive aggression (ie. aggression as a result of a perceived provocation
or threat), which fits to the problems with executive control and disinhibition of
impulses and emotional arousal that people with TBI often experience [19] [21].
Even though offenders with TBI had not committed significantly more crimes
than offenders without TBI, there definitely was a trend in the data in this direc-
tion. Contrary to our expectations, no group differences could be objectivated in
decision-making, which was measured with the IGT. This suggests that TBI is
not related to increased risk taking during decision-making in this prison popu-
lation, which is suggested to be indicative of orbitofrontal or ventromedial brain
injuries [20] [23]. This is in contrast with previous findings in non-forensic
samples, showing impaired decision-making on the IGT for TBI-patients in
comparison to normal controls, independent of TBI-severity or lesion-location
[39] [40]. On the other hand, forensic patients without histories of TBI have also
shown response patterns comparable to TBI-patients with OFC-lesions in other
previous studies [41] [42] [43]. This suggests that there might be a difference
between forensic and non-forensic populations in the way that TBI distinctively
impacts decision-making, because in non-TBI forensic samples there are signs of
decision-making impairments as well.

The prevalence rates of TBI found in the present study are in line with those
in previous studies with similar populations in other countries [8] [9] [10] [11]
[17] [38] and are therefore likely to present a valid representation of prevalence
rates in the general prison population. The prevalence of TBI in the present
sample is also comparable with numbers found in non-forensic, psychiatric in-
patients, being 38.0% to 68.0% [15] [44]. For example, in a large cohort study,
there was a relationship between TBI and a subsequent heightened general risk
for suffering from psychiatric disorders and suicidal behavior, independent of
sex, age, socio-economic status and alcohol abuse [16]. Suffering from a recent
severe psychiatric disorder was an exclusion criterion in the present study, but
no statistical correction was performed for lifetime psychiatric disorders. There-

DOI: 10.4236/jbbs.2019.97021

294 Journal of Behavioral and Brain Science


https://doi.org/10.4236/jbbs.2019.97021

N. C. Kuin et al.

fore, it is uncertain if there was an overlap between psychiatric problems and
TBI in the present offender sample. Nevertheless, the high occurrence of TBI in
both forensic and psychiatric groups is something that these groups seem to
have in common and might be an important factor to consider in clinical foren-
sic as well as psychiatric practice. Increasing insight in the vulnerabilities that
these TBI-offenders have, might enable clinicians to reduce problems with ag-
gression in the future, or at least to be better able to identify high-risk groups for
criminal recidivism. In order to develop better treatment for these individuals, it
is important, however, to gain more insight in which specific neurocognitive
dysfunctions may be associated with emotional and behavioral problems, other
than the decision-making difficulties that were expected in the present study.
Other important domains for future investigations are, for example, inhibitory
control, working memory load and problem solving capacities. This knowledge
could guide clinicians in deciding how these cognitive problems can be targeted
directly in interventions or how they can be compensated for with environ-
mental approaches.

Even though the findings in the present study can be relevant for clinical
practice regardless of the specific direction of the relationship between TBI and
aggression, it is important to keep in mind that a relationship between TBI and
criminality does not automatically imply that TBI causes the criminal or aggres-
sive behavior in this group. Another explanation for this relationship could be
that antisocial personality traits increase both the risk for criminal behavior and
the risk for TBI, for example, because antisocial traits are related to sensation
seeking behavior and drug abuse, leading to increased risk for accidents and
falls, or because individuals with antisocial traits become relatively easily in-
volved in fights with potential risk of being injured. Only longitudinal studies
could verify this.

Some other critical remarks are in place as well concerning this study’s
limitations. First of all, there was no random sampling method in the selection
of offenders for this study: they could sign in on their own initiative and be
only recruited in a single prison location. Reduction of the risk of a selection
bias could be guaranteed by screening all new incoming prisoners, for exam-
ple, or choosing participants in multiple settings. Unfortunately, it was not
possible to do so in the present study, due to the fact that this was part of a
larger project, but this is something to take in consideration for future studies.
Furthermore, having sustained TBI was assessed with a semi-structured inter-
view that was based on the main questions in other instruments that have
been validated for this purpose [24] [25], but not the entire instrument was
applied. Especially since we experienced that offenders in the present study
often had difficulties providing details on their injuries, it is important to use
a method that has been validated for this purpose to optimise the chances of
gaining valid data [38]. There are specific tools that have been recommended
for this purpose [38] [45], which is certainly important for future studies.
These are, for example, the Traumatic Brain Injury Questionnaire (TBIQ)
[46], the Brain Injury Screening Index (BISI) [47] and the Ohio State Univer-
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sity (OSU-TBI-ID) TBI Identification method [24]. Important to remark in
this regard is, however, that most studies in offender populations that applied
these tools, revealed similar prevalence rates of TBI as the present study or
even higher [8] [24] [38] [47] [48] [49] [50]. This makes it unlikely that there
was an overestimation of TBI prevalence in the present study.

In spite of the mentioned study limitations, our results certainly fuel the dis-
cussion on the importance of adequately recognising and treating offenders with
potential TBI.
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