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Introduction
The construct of trait aggression, which includes high levels of hostility 
and frequent experiences of intense anger, has been thought to be a 
significant underlying factor for violent behaviors [2]. Trait aggression 
includes a predisposition to engage in provoking verbal and physical 
behavior [3] as well as reductions in decision making capacity. Trait 
aggressive personalities have been linked to reduced impulse control 
[4,5] and a reduced ability to regulate negative emotions. Diminished 
ability to regulate negative emotions along with the reduced ability 
to suppress a predominant response when exposed to stress has been 
demonstrated to be associated with reductions in right frontal lobe 
function [6]. The goal of the current research is to examine changes 
in neurophysiological indicators of right hemisphere activation in 
highly trait aggressive men as well as provide additional support for 
the capacity model.

The capacity model was originally developed to provide a framework 
for examining changes in right hemisphere function in individuals 

with high levels of trait hostility. Originally proposed by Holland et 
al. [1], this model proposes that functional cerebral systems [7,8] in 
the right frontal region that are responsible for emotional control and 
blood pressure regulation experience diminished capacity to inhibit 
activation of the right temporoparietal regions with the requirement 
to process two stressors concurrently that are lateralized to the right 
hemisphere. This model has since received support from our lab with 
respect to exposure to right lateralized cognitive and motor stress [9] 
as well as reductions in cognitive control [10], which is a construct that 
is conceptualized as overlapping with executive function.

 Widely accepted definitions of executive function include the 
successful sequencing of behavior, regulation of negatively valenced 
emotions, and cognitive control [11]. Studies examining reductions 
in performance on tasks measuring executive function have found 
reduced activation in the right inferior frontal gyrus [12] and 
right dorsolateral prefrontal cortex [13]. There is evidence that 
trait aggression is associated with reduced performance on tasks 
measuring executive function [5,14] and is associated with changes 
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in right hemisphere activation with stress exposure [15,16]. The 
current research aims to extend these well-documented findings to 
include emotional processing for individuals with high levels of trait 
aggression.

Given that right hemispheric functional cerebral systems have been 
demonstrated to be associated with decrements in the capacity to 
effectively process stressors as a function of personality traits such 
as hostility, we sought to examine this association as it relates to trait 
aggression. To provide additional support for the capacity model 
[1], men with high and low levels of aggression completed a Trail 
Making Task (TMT) before and after exposure to emotional and 
cognitive stress. We predicted that right frontal inhibitory control 
of the right temporoparietal regions would be compromised in 
aggressive, violent-prone men, resulting in increased systolic blood 
pressure (SBP) upon exposure to negatively valenced emotional and 
cognitive stress. Moreover, we expected high trait aggressive men to 
show reduced ability to complete the TMT relative to their low trait 
aggressive counterparts. 

Methods
Participants

Forty-one right-handed men completed a medical history 
questionnaire and the Buss-Perry Aggression Questionnaire. 
Nineteen men were excluded from analysis due to failure to meet 
the inclusion cutoff criteria for the BPAQ, or reported of a medical 
history that included cardiovascular disease (i.e.: irregular heartbeat, 
hypertension) or neurological trauma. Taking these exclusion criteria 
into account, 11 highly trait aggressive men and 11 low trait aggressive 
men completed the following protocol. Each participant received extra 
credit as compensation for their participation. 

Stimuli and apparatus

The Buss and Perry Aggression Questionnaire

The Buss and Perry Aggression Questionnaire BPAQ; [3], is a 29-
item Likert Scale self-report measure. It has been found to be a valid 
and reliable measure of trait aggression by assessing its components: 
physical aggression, verbal aggression, hostility, and anger. Each of the 
29 items has the possibility of 1 (extremely uncharacteristic of me) to 
5 points (extremely characteristic of me). The lowest score that can be 
obtained on the questionnaire is a 29, and the highest score that can be 
obtained is a 145. High and low levels of trait aggression were classified 
using extreme groups. Participants obtaining a score of 96 or higher 
were classified as high trait aggressive. Participants obtaining a score 
of 72 or lower were classified as having low levels of trait aggression.

The trail-making task 

The Trail-Making Task (TMT) is a commonly used measure of 
executive function [17] and consists of 2 parts. Parts A and B require 
that participants connect letters and numbers in the proper sequence. 
Part A consists of numbered circles (1-25) to be connected in ascending 
order. The requirement remains the same in Part B, but with the added 
task of alternating between the numbers and letters (i.e., 1-A-2-B-3-C, 
etc.). Participants were timed in their completion of both parts of the 
TMT, and the time to complete each part as well as the number of 
errors made for each part was recorded. 

Serial subtraction task

The serial subtraction task (SST) is a mental arithmetic task that is a 
commonly used psychological stressor [18]. Participants subtracted an 
odd number (7) from a larger starting number (2000) for the duration 
of 90 seconds. Participants received a prompt to subtract at a faster 
rate at time intervals of 20 seconds throughout the duration of the SST.

Anger recall interview 

The Anger Recall Interview is a commonly used laboratory stressor 
for the induction of anger [19,20]. Developed by Ironson et al. [21], 
participants were requested to describe an incident that occurred 
within the past 6 months that was not resolved to their satisfaction. 
Participants were given 2 minutes to describe the event. Should the 
participant stop speaking before 2 minutes, standard questions used 
by Neumann et al. [19]; Gerin et al. [22] were used to prompt further 
description, such as: “What do you think made you the most angry?”

Physiological

Systolic blood pressure (SBP) was measured using the Omron Digital 
Meter with a Microphoneless cuff (9185; Model # HC3030) using the 
oscillometric method.

Procedure
Pre-emotional stress phase

Informed consent was obtained from each participant prior to 
completion of the protocol outlined below. The blood pressure cuff 
was fitted to the left upper arm of each participant to obtain SBP 
readings. Initial blood pressure readings and all subsequent blood 
pressure readings were taken twice consecutively to ensure reliability. 
Once the initial SBP readings were taken, participants then completed 
the TMT and their completion times for Parts A and B were recorded. 
Once the TMT was completed, 2 consecutive SBP readings were taken.

 Emotional stress phase

Participants then completed the SST and Anger Recall Interview. Two 
SBP readings were then taken to assess physiological function before 
completing the TMT a second time. Two additional SBP readings 
followed the second administration of the TMT.

Results
A two way mixed-model ANOVA was performed on the 
neurophysiological variable of SBP upon completion of the TMT 
before and after exposure to negatively valenced affective stress. 
There was a fixed factor of Aggression (low and high trait aggression) 
and the repeated measure of Condition (pre and post emotional 
stress). We found an Aggression x Condition interaction (F(1, 21) 
= 4.13, p = .05), indicating a relative increase in SBP on the second 
administration of the TMT for highly trait aggressive men. Post hoc 
comparisons using Tukey’s HSD revealed a significant increase in SBP 
for highly trait aggressive men in the post emotional stress condition 
relative to their SBP measures in the pre emotional stress condition. 
Conversely, low trait aggressive men evidenced a reduction in SBP 
on the post emotional stress condition. When conducting similar 
ANOVAs in assessing behavioral performance on scores on the TMT, 
one main effect for Condition was found (F(1, 21) = 5.58, p = .02), 
indicating faster response time for all participants during the second 
administration of the TMT. 

Figure 1:  Aggression x Condition interaction for SBP before and after exposure 
to emotional stress.
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Discussion
The results from the neurophysiological data provide support for the 
capacity model in that highly trait aggressive men evidenced increased 
SBP in the post affective stress condition relative to low trait aggressive 
men. This increase indicates a diminished capacity of the right frontal 
region to inhibit activation of the right temporoparietal region as a 
function of high levels of trait aggression. This finding is consistent 
with previous research examining decrements in right hemisphere 
function, where relative increases in SBP were observed in hostile 
individuals upon exposure to emotional stress [9]. Similarly, Holland 
et al. [1] found increases in EEG delta magnitude across right frontal 
electrode sites have also been observed in high hostile men upon 
exposure to physiological (cold pressor) stress, which is indicative of 
reduced activation of this region. Research from other laboratories 
have also found associations between aggression and prefrontal 
cortical activity [23] as well as reductions in cognitive control [24].

Surprisingly, we did not find between group differences with respect 
to behavioral performance on the TMT. This is likely due to the small 
sample size, which can be seen as a limitation for the current research. 
Because our goal was to establish neurophysiological and behavioral 
indices of decrements in right hemisphere functional cerebral systems 
upon exposure to emotional stress, it was necessary to control for pre-
existing cardiovascular issues and neurological insult. To be included 
in these analyses, participants had to report a medical history free of 
these issues in addition to reporting extremely high and low levels 
of trait aggression. Regarding the main effect for Condition, this is 
likely due to practice effects, as the TMT was administered twice in 
one experimental session. Nonetheless, the results provide promising 
preliminary support for the application of the capacity model to trait 
aggression. While highly trait aggressive men performed at similar 
levels on the TMT compared to their low trait aggressive counterparts, 
they were unable to maintain stable levels of right hemisphere 
activation across the second administration of the TMT.

In addition to providing support for extending the capacity model to 
include trait aggression, these findings indicate that the SST and Anger 
Recall Interview serve as effective stimuli for inducing emotional 
stress in a laboratory setting. Use of emotional stress has been done 
in previous research [6,9,25] to examine changes in right hemisphere 
functional cerebral systems in violent prone men. The consensus is 
that when violent prone men experience multiple right-lateralized 
stressors, reductions is right frontal inhibitory control of the right 
temporoparietal regions. Measures operationalizing this reduction 
in inhibitory control included increased heart rate (HR) and systolic 
blood pressure (SBP), and reduced performance on right-lateralized 
emotional tasks in violent prone men, such as the Ruff Figural Fluency 
Task [26], have resulted in reduced performance and heightened SBP 
and HR measures.

To enhance our understanding of right hemisphere cerebral systems 
with aggressive, violent prone men, future research should examine 
changes in TMT task performance as a function of trait aggression 
level and exposure to affective stress using larger sample sizes. With 
respect to the use of imaging techniques with a high degree of spatial 
resolution, similar experimental protocols could be employed to 
further examine changes in activation of regions in the right frontal 
lobe (i.e.: the right inferior frontal gyrus and right dorsolateral 
prefrontal cortex) upon exposure to emotional stress.
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