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General Abstract
Aggression is one of the most researched topics in psychology. This is understandable, since
aggression behavior does a lot of harm to individuals and groups. A lot is known already
about the biology of aggression, but one system that seems to be of vital importance in
animals has largely been overlooked: the hypothalamic-pituitary-adrenal (HPA) axis. Menno
Kruk and Jószef Haller and their research teams developed rodent models of adaptive, normal,
and abnormal aggressive behavior. They found the acute HPA axis (re)activity, but also
chronic basal levels to be causally relevant in the elicitation and escalation of aggressive
behavior. As a mediating variable, changes in the processing of relevant social information is
proposed, although this could not be tested in animals. In humans, not a lot of research has
been done, but there is evidence for both the association between acute and basal cortisol
levels in (abnormal) aggression. However, not many of these studies have been experimental
of nature.

Our aim was to add to the understanding of both basal chronic levels of HPA axis activity, as
well as acute levels in the formation of aggressive behavior. Therefore, we did two
experiments, both with healthy student samples. In both studies we induced aggression with a
well validated paradigm from social psychology: the Taylor Aggression Paradigm. Half of the
subjects, however, only went through a non-provoking control condition. We measured trait
basal levels of HPA axis activity on three days prior. We took several cortisol samples before,
during, and after the task. After the induction of aggression, we measured the behavioral and
electrophysiological brain response to relevant social stimuli, i.e., emotional facial
expressions embedded in an emotional Stroop task. In the second study, we
pharmacologically manipulated cortisol levels 60min before the beginning of the experiment.
To do that, half of the subjects were administered 20mg of hydrocortisone, which elevates
circulating cortisol levels (cortisol group), the other half was administered a placebo (placebo
group).

Results showed that acute HPA axis activity is indeed relevant for aggressive behavior. We
found in Study 1 a difference in cortisol levels after the aggression induction in the provoked
group compared to the non-provoked group (i.e., a heightened reactivity of the HPA axis).
However, this could not be replicated in Study 2. Furthermore, the pharmacological elevation
of cortisol levels led to an increase in aggressive behavior in women compared to the placebo
iii

group. There were no effects in men, so that while men were significantly more aggressive
than women in the placebo group, they were equally aggressive in the cortisol group.
Furthermore, there was an interaction of cortisol treatment with block of the Taylor
Aggression Paradigm, in that the cortisol group was significantly more aggressive in the third
block of the task. Concerning basal HPA axis activity, we found an effect on aggressive
behavior in both studies, albeit more consistently in women and in the provoked and nonprovoked groups. However, the effect was not apparent in the cortisol group. After the
aggressive encounter, information processing patterns were changed in the provoked
compared to the non-provoked group for all facial expressions, especially anger.

These results indicate that the HPA axis plays an important role in the formation of aggressive
behavior in humans, as well. Importantly, different changes within the system, be it basal or
acute, are associated with the same outcome in this task. More studies are needed, however, to
better understand the role that each plays in different kinds of aggressive behavior, and the
role information processing plays as a possible mediating variable. This extensive knowledge
is necessary for better behavioral interventions.
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Zusammenfassung

Aggression ist eine der meist untersuchten Phänomene in der Psychologie. Das ist
verständlich, da aggressives Verhalten Individuen und Gruppen sehr schadet. Vieles ist schon
bekannt über die biologischen Korrelate der Aggression, aber ein System, welches in Tieren
sehr wichtig zu sein scheint, wurde bisher vernachlässigt: die Hypothalamus-HypophysenNebennierenrinden-Achse (HHNA, in englisch HPA). Menno Kruk und Jószef Haller und
deren Forschungsgruppen entwickelten anhand von Ratten Modelle für adaptives normales,
aber auch für abnormales aggressives Verhalten. Sie fanden, dass akuter HHNA Aktivität,
wie auch dem chronischen Ruhespiegel eine kausale Rolle bei der Entstehung und
Eskalierung von aggressivem Verhalten zukommt. Als eine mediierende Variable nahmen sie
Veränderungen in der Verarbeitung von relevanten sozialen Informationen an, obwohl sie
dies nicht in Ratten testen konnten. In Menschen gab es zu dem Thema bisher nicht viele
Studien, aber auch im Menschen gibt es Befunde für den Zusammenhang zwischen akuten
und basalen Cortisolspiegeln und (abnormaler) Aggression. Allerdings gab es bisher wenige
experimentelle Studien.

Unser Ziel war es, das Verständnis für die Rolle, die basale chronische HHNA Aktivität, wie
auch der akute Cortisolspiegel bei der Entstehung von aggressivem Verhalten spielen, zu
erweitern. Wir führten deshalb zwei Studien durch, beide mit gesunden studentischen
Stichproben. In beiden Studien induzierten wir aggressives Verhalten mit einem gut
validierten Paradigma aus der Sozialpsychologie: dem Taylor Aggressionsparadigma. Die
Hälfte der Probanden durchlief allerdings eine nicht provozierende Kontrollbedingung. Wir
nahmen stabile basale Maße der HHNA Aktivität an drei Tagen vor dem Experiment. Zudem
erhoben wir zahlreiche Cortisolproben vor, während, und nach der Aufgabe. Nach der
Aggressionsinduktion erfassten wir die Reaktionen auf relevante soziale Stimuli, in diesem
Fall emotionale Gesichtsausdrücke, die in einem emotional Strooptest eingebettet waren,
sowohl auf Verhaltens-, als auch auf elektrophysiologischer Ebene. In der zweiten Studie
manipulierten wir darüber hinaus pharmakologisch 60 Minuten vor Start des Experimentes
die Cortisolspiegel unserer Probanden. Hierfür verabreichten wir der Hälfte der Probanden
20mg Hydrocortison, welches die zirkulierenden Cortisolspiegel angebt (Cortisolgruppe), die
andere Hälfte bekam ein Placebo (Placebogruppe).

v

Ergebnisse konnten zeigen das akute HHNA Aktivität tatsächlich relevant für aggressives
Verhalten ist. In der ersten Studie fanden wir einen Unterschied zwischen den provozierten
und nicht provozierten Probanden in den Cortisolspiegeln nach der Aggressionsinduktion
(also höhere Reaktivität der HHNA). Dieser Effekt konnte allerdings in Studie 2 nicht
repliziert werden. Außerdem verstärkte die pharmakologische Erhöhung der Cortisolspiegel,
verglichen mit der Placebogruppe, das aggressive Verhalten in Frauen. Bei den Männern
fanden sich keine Effekte. Während Männer signifikant aggressiver waren als Frauen in der
Placebogruppe, war dieser Geschlechtseffekt in der Cortisolgruppe verschwunden. Außerdem
gab eine Wechselwirkung zwischen der Cortisolmanipulation und den Blöcken des Taylor
Aggressionsparadigmas: die Cortisolgruppe war signifikant aggressiver als die Placebogruppe
im dritten Block der Aufgabe. Was die basale HHNA Aktivität angeht, so fanden wir in
beiden Studien eine Assoziation mit aggressivem Verhalten, allerdings waren diese Effekte
konsistenter in Frauen und sowohl in der provozierten, als auch in der unprovozierten Gruppe
zu finden. Nur in der Cortisolgruppe fand sich dieser Zusammenhang nicht. Nach der
aggressiven Auseinandersetzung waren die Muster der Informationsverarbeitung für die
provozierte Gruppe im Vergleich zur nicht provozierten Gruppe für alle emotionalen
Gesichtsausdrücke, besonders aber für Wut, verändert.

Diese Ergebnisse weisen auf die wichtige Rolle hin, die die HHNA Aktivität bei der
Entstehung von aggressivem Verhalten bei Menschen spielt, hin. Besonders hervorzuheben
ist, dass unterschiedliche Veränderungen dieses Systems, also basal oder akut, zu dem
gleichen Ergebnis in dieser Aufgabe führen. Allerdings sind noch weitere Studien vonnöten,
um noch besser zu verstehen, welche Rolle jede dieser Veränderungen bei unterschiedlichen
Arten der Aggression spielt und um zu klären, welche Rolle Informationsverarbeitung dabei
als mediierende Variable spielt. Dieses extensive Wissen ist nötig, um bessere Interventionen
auf Verhaltensebene zu entwickeln.
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Chapter I

The framework
This thesis focuses on the psychophysiological relationship of stress - more precisely, the
hypothalamic-pituitary-adrenal (HPA) axis - and aggression. This first chapter is meant to
give a general introduction to the topics of stress and aggression, as well as the research that
inspired this work. A short review is given over the current state of the research. Then, the
studies, as well as the results are summarized. Our findings are integrated with other data
from animal and human studies into a broader framework and ideas for future research
projects are presented. Finally, Chapters II-IV contain the original articles.

1.1 Aggressive behavior
Aggressive behavior is one of the most researched topics of human behavior (Hennig, Reuter,
Netter, Burk & Landt, 2005). It may be defined as any behavior that aims at harming another
individual, whereas this individual is motivated to avoid such treatment (Baron & Richardson,
1994). Aggression has been a part of human society for as long as can be remembered and
many incidences of aggression are socially acceptable. But aggressive behavior is also often
displayed in forms, which are harmful for individuals, groups or - in the instance of war entire societies. Therefore, it is highly relevant to understand this complex behavior in its
entirety. Person, as well as environmental factors and their interaction which lead to
aggressive behavior have to be taken into account and are relevant for its retention (Verona,
Joiner, Johnson & Bender, 2006). Moreover, it is important to understand the hormonal and
neurobiological factors implicated in this behavior to develop more efficient interventions for
pathological aggression (Nelson & Trainor, 2007) and to be able to act in a preventive way
when risk factors are known.

1.1.1 The General Aggression Model
Anderson and Bushman (2002) proposed a unifying model of aggression, the General
Aggression Model. In this model, inputs from situational and personological variables,
mediated by cognition, affect, and arousal determine aggressive behavior. For example,
provocation and frustration serve as important situational factors. Aggression-related traits,
like anger proneness, but also gender and attitudes towards violence are examples of variables
within an individual that contribute to aggressive behavior. These factors then influence
1
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cognition (e.g., hostile thoughts), affect (e.g., mood and emotion) and/or arousal. Different
appraisal and decision processes follow, which then either lead to thoughtful action or
impulsive behavior within a social encounter. Since this thesis focuses on the
psychophysiological variables, the function of arousal within this framework shall be further
described. Arousal can influence aggression by either energizing the dominant action
tendency, including aggressive tendencies. If arousal stems from other sources, it can be
mislabeled as anger in relevant contexts and, thus, produce anger motivated aggressive
behavior. This process is termed excitation transfer.

1.1.2 biological theories
Besides this rather broad framework, some reviews have focused on biological factors that
have been shown to influence aggression. Nelson and Trainor (2007) devoted their review to
the neural mechanisms of aggression and their interaction with the environment, showing that
various neural circuits, biological signals including steroids, as well as genes are related to
aggressive behavior. However, although their review is very extensive, any reference to the
HPA axis can only be found in the supplementary table, which lists more than 70 additional
factors involved in aggressive behavior. Strüber et al. (2008) published an integrative review
about impulsive control, aggression and sex. They list environmental, psychosocial and
personality factors, as well as neuronal structures and neurophysiologic variables. In their
view, the HPA axis and cortisol are activated in situations involving impulsive aggression, but
the HPA axis itself has no influence on aggression, or any other variables.

So, although these models already account for a number of factors - from hormones to neural
mechanisms and neurotransmitters - the HPA axis, which has been found to be highly
relevant for aggressive behavior in animals has been only mentioned briefly, if at all.

This is surprising, since a lot of people think that stress and aggression go hand in hand and it
is generally believed that when someone is stressed, he or she is also more likely to react with
anger or aggression in frustrating or provoking circumstances. This belief has even made its
way into the diagnostic and statistical manual of mental disorders (APA, 2000). There is only
one disorder, whose main focus lies on increased (impulsive) aggressive behavior:
intermittent explosive disorder. The two main criteria for this disorder are: (A) "occurrence of
secrete episodes of failure to resist aggressive impulses that result in serious assaultive acts or
destruction of property" and (B) "the degree of aggressiveness expressed during an episode is
2
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grossly out of proportion to any provocation or precipitating psychosocial stressors" (APA,
2000, pp. 663-664; emphasis added).

Over the last decades, however, two collaborating research groups under Menno Kruk and
József Haller took on the task to study the interaction of the HPA axis and aggressive
behavior in rodents. They found the HPA axis to play a major role in the development and
enhancement of pathological, but also normal, adaptive forms of aggressive behavior, and
found in turn aggressive behavior to influence the HPA axis. Interestingly, increased as well
as decreased (re)activity of the HPA axis were associated with aggressive behavior, albeit
with different forms. Their work is presented in sections 1.2.2 and 1.2.3. First, an overview of
stress in general, and the HPA axis in particular will be given.

1.2 Stress & Aggression
1.2.1 Stress and the HPA axis
Stress has a bad reputation. Nowadays, everybody is stressed all the time and this is generally
taken as a bad thing that one should rather avoid. And while that would indeed be good in
most cases (see below), the stress response itself is actually an adaptive and life-supporting
response of the body, without which survival (in the good old hunter-and-gatherer days)
would have been impossible (Saplosky, 2004).

Stress is seen as a challenge to the internal homeostasis, which requires an adaptive response
from the organism. A stressor can be an internal or external stimulus, which is evaluated as
aversive and which has acute and/or chronic effects on the mind and body. A difference is
made between physiological and psychological stressors. Physiological stressors lead to a
stress response, without first involving a cognitive appraisal of the stimulus. The response to
psychological stressors on the other hand, is in part determined by the cognitive appraisal of
the situation. The stress response manifests itself on a physiological, behavioral, cognitive,
and emotional level (Steckler, 2005). On a physiological level, the HPA axis plays a central
role in the response. The end products of this system are steroid hormones (corticosteroids)
that are produced in the adrenal glands, cortisol in humans and corticosterone in rodents. The
most important task of cortisol is the activation of gluconeogenesis, which activates energy
reserves and readies the body for the challenging situation (Sapolsky, Romero & Munck,
2000), preparing the body for fight or flight (Cannon, 1932). Cortisol also feeds back into the
brain - it can cross the blood-brain-barrier - to inhibit the activity of the HPA axis, thus
3
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facilitating recovery (de Kloet, Joels & Holsboer, 2005). Cortisol circulates in the blood
stream, but is also found in other body fluids, for example saliva (Kirschbaum &
Hellhammer, 1994). The cortisol secretion has a circadian rhythm, with the highest
concentration of cortisol in the early morning hours just before, and following awakening
(Fulford & Harbuz, 2005). Recently, it has been discovered that cortisol is released in pulses
every 1-2 hours over the day, with higher amplitudes of the pulses in the early morning ours,
leading to higher circulating cortisol levels (Young, Abelson & Lightman, 2004).

As stated earlier, the stress response is necessary in order to deal with the challenging
situation in an appropriate way (McEwen, 2007). However, as Chrousus and Gold already
remarked in their review on stress in 1992, "our physiological mechanisms for coping with
adversity have not evolved appreciably over the past several thousand years" (Chrousos &
Gold, 1992, p. 1244), meaning that the bodies' coping response is not optimal and might even
be more harmful than helpful for the types of stressors we face in our modern societies. The
resulting dysregulations that develop over time by repeated exposure to stressors, such as a
chronic activation of the HPA axis, are extremely harmful to the mind and body, causing or
negatively reinforcing virtually every ailment found in modern societies, from psychological
to physical diseases, such as affective, anxiety and sleep disorders, and cardiovascular and
autoimmune diseases(Saplosky, 2004)1. These dysregulations of the HPA axis can take the
form of constantly high levels or a higher than usual responsiveness to stressors (Saplosky,
2004), but also a lower than average basal activity or a general unresponsiveness of the
system (Heim, Ehlert & Hellhammer, 2000). Interestingly for us, some of these diseases are
associated with increased aggressive behavior, such as depression and post-traumatic stress
disorder (see below).

Before continuing with the presentation of past research, some concepts and terms have to be
introduced concerning trait aspects of HPA axis activity. Since there are no unitary definitions
and every researcher used different terms, or the same terms with different meanings, the
definitions that are used within this thesis are the following: Trait measures of HPA axis
activity can be described by two distinct dimensions. The first dimension concerns the basal
status of the axis. It describes the absolute level of the system. If the level is higher than
average, the term "hyperactivity" is used, if the level is lower, then the term "hypoactivity" is
used. The second dimension, deals with the acute changes in activity following some external
1

As always, one has to keep in mind that these environmental stressors interact with vulnerability and resilience
factors within each individual to determine the outcome (Miller, Chen & Zhou, 2007)
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or internal challenge: reactivity. This is here also seen as a trait aspect, meaning that some
people react, on average, more strongly to challenges (i.e., hyperreactivity), others react with
a smaller or no increase in corticosteroid levels (i.e., hyporeactivity). Of course, there are also
situation-specific variations in HPA axis activity and reactivity.
1.2.2 The results of Menno Kruk et al. concerning acute HPA axis activity2
Kruk et al. studied the relationship between acute activations of the HPA axis and aggressive
behavior in rodents (Haller, Halasz, Mikics, Kruk & Makara, 2000; Haller & Kruk, 2006;
Haller, Millar, van de Schraaf, de Kloet & Kruk, 2000; Kruk, Halasz, Meelis & Haller, 2004;
Kruk et al., 1998). The study most important for this project (2004) showed a fast positive
feedback loop between an acute activation of the HPA axis (i.e., higher circulating cortisol
levels) and aggressive behavior. The researchers worked with an aggression model, where
aggressive behavior is evoked by electric stimulation of an area in the brain known to be part
of the circuit of normal aggressive behavior (i.e., territorial aggression; Halasz, Liposits, Kruk
& Haller, 2002) in rodents: the hypothalamic attack area. In order to control for the effects of
exogenously applied corticosterone, the rats were first adrenalectomized (i.e., the adrenal
glands were removed) to avert any natural production of the steroid hormone and a low
release corticosterone pellet was implanted. If rats were then injected with corticosterone prior
to an aggressive encounter, aggressive behavior was more readily elicited by stimulation of
the hypothalamic attack area, the attack threshold was reduced. However, this effect was only
present when corticosterone was administered immediately (about 10 min) before the
measurement of the attack threshold. If the attack threshold was measured one hour or more
after corticosterone administration, the effect was absent. This indicates that non-genomic
pathways mediate this effect. That this is in fact the case could be shown by Mikics et al.
(2004). They inhibited the synthesis of proteins after injecting corticosterone either 2 or 20
minutes before the aggressive encounter. When corticosterone was injected 2 minutes before,
the facilitating effect on aggression was still visible, indicating that protein synthesis, i.e.,
gene transcription, was not necessary for this effect. Moreover, Kruk et al. (2004) could also
show that aggressive behavior per se activated the HPA axis, leading to a surge in
corticosterone levels.

To summarize, the systems controlling aggressive behavior and the stress system rapidly
activate each other. The model of Kruk et al. (2004; seen also in Figure 1) thus describes the
2

Most of the research of Kruk and Haller was done in close collaboration. The differentiation according to
research domains (acute vs. basal HPA axis activity) is only made for the purpose of a clearer presentation.
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biology of normal aggressive behavior. Furthermore, it could explain episodes of escalating
aggression, when the HPA axis is generally hyperreactive (i.e., more easily switched on).
Only small provocations might be enough to elicit aggressive behavior, and the fast positive
feedback to the HPA axis would only amplify the aggressive behavior even more.

However, the mediating variables for the effect of stress on aggression remain unclear. The
authors propose a change in the processing of social conflict signals, where the rat is more
sensitive to these signals under stress, thus leading to aggressive behavior being more easily
elicited. However, social information processing cannot be measured in rats. So, in order to
test this hypothesis, studies in humans are necessary.

Environments associated with aggression
Social challenge
Stressors unrelated to aggression

Acute increase
in glucocorticoids
Increased sensitiveness to
aggression-promoting stimuli
HPA-axis
activation
Activation of the
hypothalamic attack area
Direct effect on PVN
Interaction within the hypothalamus
Indirect brainstem effect

Figure 0 Relationship of the HPA axis and the hypothalamic attack area (HAA) in rodents
(Kruk et al., 2004, p. 1067).

1.2.3 The results of Haller et al. concerning basal HPA axis activity
Kruk and colleagues were mostly interested in acute changes of the HPA axis and associated
differences in aggression. The research group of Haller et al. analyzed the effects of
hypoactivity: chronically low activity of the HPA axis (Haller et al., 2004; Haller & Kruk,
2006; Haller, Mikics, Halasz & Toth, 2005; Haller, Toth & Halasz, 2005; Haller, van de
Schraaf & Kruk, 2001). They found this dysregulation of the HPA axis also to be associated
with changes in aggressive behavior. Animals, which had their adrenals taken out and
replaced with a low release corticosterone pellet showed abnormal forms of aggressive
6
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behavior, with a higher attack-to-threat ratio, attacking vulnerable body parts of their
opponents. How this result may be translated into humans is difficult. The authors propose
that this abnormal attack pattern may represent more instrumental and "cold" forms of
aggression in humans, such as premeditated murder and the aggressive behavior typically
shown by psychopaths (Haller & Kruk, 2006; see Lutzenstroh, Birberger, Rockbaumer &
Thomels, 1987, for an account of psychopathic behavior). But it is not clear, whether this
aspect of basal HPA axis activity would be also relevant for aggressive behavior in healthy
human samples.
1.3 Stress and aggression - evidence in humans3
Although the function of the HPA axis in aggressive behavior has been largely overlooked in
recent reviews, more and more evidence arises that supports the statement that HPA axis
activity, be it basal or acute, is associated with aggressive behavior in humans.

1.3.1 Acute HPA axis activity
Evidence for the of effect of acute elevations of cortisol levels on aggressive behavior and for
the influence of aggression on the activation of the HPA axis come from experimental, as well
as correlative studies.

Especially the researchers around Verona et al. (e.g., Verona et al., 2006) and Gerra at al.
(e.g., Gerra et al., 2007) have conducted experimental studies on this topic: Verona et al.
could show that physical stressors can lead to heightened aggressive behavior in healthy
males, but not in females, whereas Gerra et al. could show that aggressive behavior leads to
an acute activation of the HPA axis in healthy male subjects, but not in subjects with drug
addiction or dependence. However, Verona et al. did not use cortisol measurements to
validate their stress induction procedure, so results have to be interpreted with care.

Correlative evidence for the importance of acute HPA axis activation in aggressive behavior
comes from patients that show a heightened HPA axis reactivity to stressful events. This
hyperreactivity is found, for example, in patients with intermittent explosive disorder (Eronen,
Angermeyer & Schulze, 1998; Olvera, 2002), depression (Fava, 1998; Pancheri, Picardi,
Pasquini, Gaetano & Biondi, 2002; Van Praag, 2001), or with post-traumatic stress disorder
3

This chapter is meant to give a broad overview over the literature. Therefore, references are only included on
an exemplary note. For more references and an in depth presentation, please turn to the introduction and
discussion sections of chapters II - IV.
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(Bremner et al., 2003; Elzinga, Schmahl, Vermetten, van Dyck & Bremner, 2003; but see also
Miller et al., 2007). These correlative findings cannot be interpreted, however, in a causal
manner. But together with the results of the experimental studies they do support the notion
that acute HPA axis activity and aggressive behavior positively reinforce each other.

1.3.2 Basal HPA axis activity
The data concerning basal HPA axis activity and aggressive behavior are far from unitary.
Even

different

meta-analyses

of

the

association

of

basal

cortisol

levels

and

aggressive/antisocial/externalizing behavior show different results, with some finding
moderate negative effects (van Goozen, Fairchild, Snoek & Harold, 2007), while others find
effects only in certain age ranges (Alink et al., 2008).

Methodological issues when studying trait aspects of HPA axis activity may be the reason for
these discrepant results. Increasingly, the cortisol awakening response (CAR) - a surge in
cortisol levels following awakening - is used as an index of HPA axis activity, since levels are
high and interindividual differences more visible (Pruessner et al., 1997; Wilhelm, Born,
Kudielka, Schlotz & Wust, 2007). Furthermore, repeated measurements are necessary, since
single samples are subject to large intraindividual variability (Mason, 1968). A recent study
by Hellhammer et al. (2007) has shown, that the CAR has to be assessed with four
measurements on at least two consecutive days to reliably estimate trait components of HPA
axis activity. The occasion specificity of a one-day assessment was up to 63%, meaning that
the HPA axis activity was mostly determined by situational factors and only to a lesser extent
by the true trait value. However, most of the studies up to date that have looked at basal
cortisol levels and aggressive behavior only took one measure, some did so in the morning,
some in the afternoon or evening, and some without controlling for measurement time.
Therefore, the data in the above reviewed studies may not be suited to make statements about
the relationship of basal trait components of the HPA axis activity and aggressive behavior
but rather reflect situational influences.

The divergent results within human studies make it difficult to estimate the importance of
basal HPA axis activity for aggressive behavior in humans, but it looks like there might be a
moderate effect of low basal HPA axis activity leading to heightened aggression.
Furthermore, there is no experimental data on the influence of basal HPA axis activity on
aggressive behavior, so far.
8
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1.3.3 Information processing
As stated above, Kruk et al.(2004) see changes in the processing of social conflict signals as
the mediating variable between the HPA axis and aggressive behavior. Rats with abnormally
low basal HPA axis activity show changes in social behavior (Haller et al., 2004) and, thus,
may also have deficits in the processing of social signals that then cause deficits in social
behavior, including extreme acts of violence. In order to test this hypothesis it is important, as
a first step, to show that aggression is indeed associated with changes in information
processing patterns.

There is quite some evidence in humans of changes in social information processing in
relationship with trait aggression or anger. Generally, social information processing in
humans is measured by presenting pictures of emotional facial expressions and measuring the
behavioral (i.e., reaction times) and psychophysiological (i.e., EEG or fMRI) reactions to
them. Emotional facial expressions are thought to reliably indicate social conflict signals
(Coccaro, McCloskey, Fitzgerald & Phan, 2007). Regarding trait aggression levels and the
processing of social conflict signals, different researchers working with highly aggressive
(i.e., intermittent explosive disorder, conduct disorder) or healthy samples have come to the
conclusion that the processing of facial stimuli, especially threat-related stimuli is changed
with heightened trait aggression, both on a behavioral (Crick & Dodge, 1996; van Honk,
Tuiten & De Haan, 2001), as well as on a neural level using fMRI (Coccaro et al., 2007).

However, none of the research up to date has looked at acutely elicited aggressive behavior
and the change in the processing of emotional facial expressions on a behavioral or
psychophysiological level.

1.4 Research questions
This thesis sought to further the understanding of the psychoneuroendocrinology of the
relationship of stress and aggression. The research designs that were implemented were
inspired by the models and interpretations proposed by the research groups of Menno Kruk
and József Haller. Following the results of the animal and human studies described above,
three broad questions were addressed: (1) Does aggressive behavior lead to heightened HPA
axis reactivity and does (experimentally manipulated) acute HPA axis activity lead to
heightened aggressive behavior? (2) Is basal HPA axis activity associated with experimentally
9
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induced aggressive behavior in healthy samples4? and (3) Are acute instances of aggressive
behavior associated with changes in the processing of social conflict signals (e.g., emotional
facial expressions) on a behavioral and neural level?5

Two studies were conducted to answer these questions. The results were published in the
form of three manuscripts (see Chapters II-IV). Importantly for us, we wanted to mimic the
experimental setup of the animal studies. Both studies therefore induced aggressive behavior
in the laboratory using a well validated technique, the Taylor Aggression Paradigm (Taylor,
1967; for a description, see the methods sections of Chapters II-IV). Both studies assessed
various parameters of HPA axis activity. We decided to analyze the relationship of stress and
aggression in healthy student samples first in order to assess the normal aspects of this
relationship before moving on to psychiatric patient samples, who may show a dysregulation
with regard to the stress-aggression interaction.

Study 1 sought to analyze the natural reactivity of the HPA axis following aggressive
behavior. Multiple salivary cortisol samples were taken prior to and after the aggression
induction. A control group was not provoked in order to compare HPA axis reactivity of
aggressive with non-aggressive subjects. After the aggression induction procedure, an
emotional Stroop task was placed in order to assess differences in information processing
patterns of emotional facial expressions between provoked and non-provoked subjects.
Besides the reaction time measurements, Event-related potentials (ERPs) were obtained, in
order to assess the brain response to the emotional stimuli (for more details on the design and
setup of the study, please refer to Chapters II and IV). Furthermore, basal trait cortisol levels
were measured according to the measurement protocol described under section 1.3.2, so as to
get reliable data reflecting trait levels.

The aim of Study 2 was to check whether an acute increase in cortisol levels prior to the
aggression induction had an effect on aggressive behavior. Therefore, 20mg of hydrocortisone
(or a placebo) was administered 60 minutes prior to the Taylor Aggression Paradigm. The rest
of the experimental setup, including measurements of salivary cortisol during the experiment,

4

although it was said in the introduction of the stress system and in the review of the work of Kruk and Haller
that dysregulations if this system may be an important factor, we were here interested in the natural variation of
HPA axis (re)activity found in healthy samples, and its association with aggressive behavior.
5
This third question will only be briefly covered in the following sections. Please refer to Chapter IV.
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measures of basal HPA axis activity, and the emotional Stroop task, was identical to Study 1,
in order to permit replication of the effects.

The two studies have several strengths. First, we did not rely on questionnaire data, but
decided to measure aggressive behavior directly under controlled laboratory conditions. We
manipulated circulating cortisol levels and thus specifically targeted the part of the stress
response relevant for our hypotheses. This also closely fitted the design of Kruk et al. (2004).
We used multiple measures in order to validate the procedures used: We had data about
behavior, emotion, and neuroendocrinology following the TAP, and several cortisol
measurements to validate the manipulation of cortisol levels. We reliably assessed basal HPA
axis activity using a standardized design. We used healthy samples in order to assess the
relationship of the stress system and aggression. Whereas most studies in this domain
predominantly made use of male samples, we included both males and females.

The results of Study 1 are published in the articles reproduced in Chapters II and IV. The
results of Study 2 are found in Chapter III.

The article in Chapter II "The relationship between basal and acute HPA axis activity and
aggressive behavior in adults" describes the results of Study 1 concerning basal HPA axis
activity and aggressive behavior. Furthermore, it is concerned with the HPA axis reactivity
following the induction of aggression in Study 1.

The article in Chapter III "Exogenous cortisol enhances aggressive behavior in females, but
not in males" describes the results of the relationship of basal HPA axis activity and
aggressive behavior and the influence of acutely enhanced cortisol levels on aggressive
behavior of Study 2.

The article in Chapter IV "Influence of aggression on information processing in the emotional
Stroop task - an event-related potential study" deals with the effect of aggression on changes
in information processing of Study 1.

1.5 Main findings and general discussion
The main results of the studies will be presented here grouped according to the three research
questions described earlier. This section will, however, only present a short summary of the
11
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results. More importantly, the results will be placed into context of the previous research and
discussed within a broad framework. Furthermore, ideas about future research that follow
from the here presented results and the animal studies are proposed. For a more in depth
description of results and their discussion, please refer to the results and discussion sections of
Chapters II - IV.

1.5.1 Acute HPA axis activity and reactivity, and aggression
The provocation of aggressive behavior led to a heightened reactivity of the HPA axis in
Study 1, when baseline cortisol levels were controlled for. This effect, however, could not be
replicated in Study 2 (not reported).

A pharmacological manipulation that led to higher circulating cortisol levels during the task
(i.e., 20mg of hydrocortisone) was effective in changing the expression of aggressive
behavior: women were more aggressive after this treatment compared to women that received
a placebo. While males were more aggressive than females under placebo treatment, this
effect was gone under cortisol treatment. The aggression level of men did not change in
response to the cortisol treatment. Independent of this gender effect, aggression was also
higher under cortisol than under placebo in the third block of the Taylor Aggression
Paradigm, but this effect was not moderated by provocation levels. So, irrespective of
provocation, subjects reacted more aggressively in the third block of the task when given
cortisol beforehand.

1.5.2 Basal HPA axis activity and aggression
Basal cortisol levels were negatively correlated with aggressive behavior in both studies, but
this effect was found more consistently for women. In Study 2, this effect was only found in
those women that received a placebo prior to the aggression induction. In the group that was
given cortisol, the relationship between basal cortisol levels and aggressive behavior was not
apparent. In study 1, this relationship was only found in the provoked subjects. In Study 2, it
was found for both TAP groups.

1.5.3 Information processing and aggression
Study 1 (Chapter IV) examined the effects of aggression (high vs. low provocation in the
TAP) on the processing of emotional faces in an emotional Stroop task using behavioral
(reaction times) as well as electrophysiological (ERPs) data. Experimentally provoked
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aggression influenced social information processing. Differences between provoked and nonprovoked participants were found at early as well as later stages of emotional face processing.
For P2 (early processing stage) amplitudes, the effect of provocation was greatest for threatrelated (angry and fearful) facial expressions. For the P3 amplitude, the effect was not
moderated by the emotion of the facial expression, i.e., the processing of all emotional (and
neutral) faces was changed through the induction of aggression. In addition, participants with
high levels of trait anger who were exposed to high provocation in the TAP showed slower
reactions to all emotional faces. These findings indicate that after an aggressive encounter
people allocate more attention toward all kinds of socially relevant information, not only to
threatening information.

1.5.4 Discussion of the results in the context of the work of
Menno Kruk et al.
These results of the two studies in part support the stress-aggression link proposed by Kruk et
al (2004). Aggressive behavior lead to an activation of the HPA axis only in Study 1. The
reason for this might lie in the relatively mild aggression induction technique used in the
studies, which is in no way comparable to the elicitation of aggression in rodents via electrical
stimulation of the hypothalamic attack area. Maybe stronger provocations would result in the
activation of the HPA axis, but those are hardly ethically possible in humans and may only be
found in real world conflict situations. In fact, an activation of the HPA axis was found in
fighting judo contestants (Parmigiani et al., 2009; Salvador, Suay, Martinez-Sanchis, Simon
& Brain, 1999), strengthening this argument.

Exogenous application of cortisol prior to an aggressive conflict was shown to enhance
aggressive behavior in females, only. One possible reason for the missing effect in males
might be the timeframe of the experiment. Kruk et al. already showed that the effect of HPA
axis activation on aggressive behavior is very fast and is not apparent after longer delays
(around 60 min; even 30 min, personal communication) between administration and testing.
Since we chose an oral administration of cortisol, the delay before the induction of aggression
was quite large (60 min), in order to assure that the cortisol had time enough to enter the
blood vessels and brain. It is possible that the time frame of the effect is different in males and
females and we may have missed the window for males.
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That the time frame is very important is further underlined by experiments of Miciks et al.
(2004). As described above, they found fast non-genomic effects to mediate the effect of an
acute surge in corticosterone on aggressive behavior. However, those non-genomic
mechanisms were apparently substituted by genomic mechanisms 20 minutes after
corticosterone injection. She therefore proposed a model, where fast non-genomic
mechanisms act in the first instance to ready the body for the aggressive encounter. In the
second stage, genomic mechanisms take over, which also positively reinforce aggressive
behavior. After a while (no more than 60 minutes, see Kruk et al., 2004), genomic
mechanisms are activated, which inhibit aggression.

1.5.5 Discussion of the results in the context of the work of Haller et al.
Basal trait levels of HPA axis activity were negatively related to aggressive behavior in both
our healthy samples. Again, the effects were more consistent in women and were of moderate
to large size. This is surprising, since Haller et al. (2004) found basal HPA axis activity to be
responsible for abnormal and extreme patterns of aggression, resembling the type of
aggression usually displayed by a cornered animal, or cold, instrumental aggression in
humans. Here, we found basal HPA axis activity to be relevant for normal, socially acceptable
displays of aggressive behavior (i.e., tit-for-tat). The difference between men and women was
not expected, since many studies with psychiatric samples found effects for men, as well. This
may indicate that basal HPA axis activity in males is only relevant in psychiatric patient
groups, whereas for women, it is an important determinant for the entire dimension of
aggressive behavior.

Interestingly, when cortisol levels were acutely elevated in Study 2 by exogenous cortisol
administration, basal trait levels of HPA axis activity did no longer play a role in aggressive
behavior. The acute situational demands seemed to be more important in shaping the
behavior. But when there are no acute demands, the trait levels do have an influence. This is
very similar to the results of a study by Haller et al. (2004), where chronically low basal
levels did not lead to abnormal aggression when corticosterone was injected 10 minutes
before the conflict.

1.5.6 Concerning information processing
The processing of social signals, i.e., emotional facial expressions was changed quite
dramatically in provoked subjects compared to the non-provoked subjects. All facial
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expressions, but particularly angry faces, were processed differently after an aggressive
encounter. This indicates that aggression influences how a person socially relevant
information perceives and stresses the high relevance of social information processing in the
context of aggression (Crick & Dodge, 1994).

1.6 A different perspective on things: the HPA axis as a dynamic, context
dependent, and adaptive system6
When integrating the results of the animal and human studies it becomes clear that the
assertion "the more cortisol, the more aggression" or "stress is bad news" oversimplifies
matters. A lot of the now gathered data points to the importance of a dynamic regulation of
the HPA axis (i.e., a healthy reactivity of the axis) and a rapid adaptation to demands, rather
than the importance of absolute cortisol levels, per se. When corticosteroids are released in
the right amount at the right time, animals engage in normal, adaptive aggressive behavior.
This can be seen in the results of Kruk (2004) and Mikics et al. (2004), where an acute
activation in the time frame of under 60 minutes prior to the encounter leads to normal, and
for the rat, highly adaptive displays of aggressive behavior. The rat has to defend its territory
in order to survive, but it has to do it in an orderly fashion, i.e., to attack without seriously
harming the other rat. Also, threatening the opponent before an attack is quite useful, because
it may avert the aggressive encounter all together, saving energy resources and decreasing the
risk of injury. This time frame could also explain the effect of excitation transfer that was
mentioned in the general aggression model as one of the mediating effects of arousal. A
different situation could lead to an activation of the HPA axis and within a short period of
time, this activation can be carried over into another situation, where aggression is then more
easily elicited.

In animals, more converging evidence for the importance of the change in cortisol levels
rather than the absolute levels comes from studies that utilize the naturalistic variation in HPA
axis activity. Aggressive behavior is highest right after the sharp increase in cortisol levels
following the beginning of the active period, and this rise in cortisol levels is the cause for the
observed concurrent increase in aggression (Haller et al., 2000). Moreover, even the smaller
variations of cortisol levels over the day, the cortisol pulses, which are released every 1-2
hours, are associated with aggression. Aggressive behavior occurs more at the increasing
slope of those pulses than when levels decrease (Haller et al., 2000). That this dynamic
6

Many of the ideas presented in this section concerning the interpretation of animal studies stemmed from
discussions with Menno Kruk and his many presentations over the three years.

15

Chapter I - The framework
reactivity of the HPA axis is causally involved in the shaping of this aggressive behavior can
also be seen in those rats, whose axis does not respond to situational demands, leading to
abnormal and extremely dangerous forms of aggression (Haller et al., 2004).
Adrenalectomized rodents in these studies did not only show lower basal levels of HPA axis
activity. The system was also unresponsive to any external or internal stimulus. A system,
which responds too much to a given situational provocation is maladaptive, as well, since it
would lead to unnecessary depletion of energy resources and would put the survival of the
animal and his colony at risk.

So, taken together, a system that is hyperreactive (too easily switched on), as well as one that
is hyporeactive (not turned on when the situation demands it) is bad news for the socially
interacting partner. An abnormal reactivity of the stress system will either lead to
(quantitatively) more aggressive behavior, which is out of proportion within the situational
context, or to a qualitatively different expression, leading to extremely dangerous and
unpredictable behavior.

That a healthy, dynamic regulation of the HPA axis is also an important factor for the
regulation of aggression in humans can be seen in people that have a hyperreactive HPA axis
and concurrently increased aggressive behavior, as was described in section 1.3.1.

The evidence for the correlation of a hyporeactive stress system and aggressive behavior in
humans, however, is not so clear-cut. Patient groups usually related to this dysfunction are,
for example, children with disruptive behavior disorder or adults with antisocial personality
disorder. But within those groups, the evidence points more to the importance of basal trait
levels of HPA axis activity (hypoactivity), and not a hyporeactivity of the system. Alink et al.
(2008) looked at the correlation between externalizing behavior and HPA axis activity, as well
as the correlation with HPA axis reactivity to a stressor. As reported above, they found effects
of HPA activity on certain age ranges, but found no relation between externalizing behavior
and HPA axis reactivity. This would support the notion, that chronically low basal levels, i.e.,
hypoactivity, and not hyporeactivity of the stress system, are the main HPA axis aberrations
in children with disruptive behavior disorders. Our own studies in healthy subjects also stress
the association of a hypoactive HPA axis and aggressive behavior, at least in women.
However, results are far from unitary, as effects are sometimes found also in clinical samples,
with children with disruptive behavior disorders showing a decreased reactivity to stressors
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compared to controls (Fairchild et al., 2008; van Goozen, Matthys, Cohen-Kettenis, Buitelaar
& van Engeland, 2000). But, maybe the effects of hypoactivity and hyporeactivity on
aggressive behavior are qualitatively different and have, so far, not been thoroughly assessed.
An intriguing longitudinal study found those children, who still had a normal reactivity of the
system to respond better to treatment, although the severity of the symptoms at the beginning
of therapy was negatively correlated with basal levels, and not with reactivity (van de Wiel,
van Goozen, Matthys, Snoek & van Engeland, 2004). More studies are definitely needed to
disentangle the effect of hypoactivity and hyporeactivity on aggressive behavior in these
patient samples and in normal aggressive behavior, and to get a clearer picture about what
variables are important in what forms of aggressive behavior.

1.7 Further research ideas
Although this project has made significant headway concerning the relationship of stress and
aggression, still a lot of open questions remain. Future studies should increasingly look at the
dynamic aspects of the system in humans within an experimental setting. For example, one
could administer cortisol intravenously directly before the induction of aggression, in order to
assess the rapid, maybe even non-genomic effects of corticosteroids on aggression. One might
find quite different results, as compared to our Study 2 that orally administered cortisol. One
could also inhibit endogenous cortisol production using metyrapone. In rodents, territorial
aggressive behavior was reduced, when the animals were injected with metyrapone shortly
before the aggressive encounter (Haller et al., 2004). A similar design with humans could
underline the importance of a dynamically regulated HPA axis in aggressive behavior.

As was shown, more research is needed concerning basal trait HPA axis activity and
reactivity and aggressive behavior in both healthy and psychiatric samples. Studies that
experimentally manipulate trait basal HPA axis activity, however, will be nigh impossible to
do in humans. As the just cited work of Haller shows, an acute depletion of cortisol levels has
the opposite effect compared with a chronic depletion (with adrenalectomy). This makes
sense, since Haller et al. hypothesize that chronic and lasting hypoactivity leads to lasting
changes in brain functioning and concurrent social deficits. As a result, these then presumably
lead to a misinterpretation of specific social situations and an overreaction and escalation of
aggressive behavior. These effects that develop over time can, thus, not be modeled by acute
manipulations of HPA axis activity. Manipulations of chronic basal levels, such as in rats with
adrenalectomy, are not ethically possible in humans. So researchers will have to rely on quasi17
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experimental research designs, using the natural variation in basal HPA axis activity between
healthy individuals or to use individuals characterized by abnormally low basal levels, such as
children with disruptive behavioral disorders. In those studies, it will be important to also
assess HPA axis reactivity to (social) stressors, in order to disentangle the effects. Another
possibility is to mimic the design of Haller et al. (2000) and induce aggression during the
natural increase in cortisol levels in the early morning hours. This could then be compared
with aggression levels in the afternoon or evening.

Another approach to assess basal HPA axis activity could be to not only look at morning
cortisol levels, but to also measure cortisol levels over an entire day. With these data, the
natural variation in HPA axis activity could be calculated, which again could also provide
essential knowledge about the dynamic (dys)regulation of the system. So far, not a lot of
studies have done this (Fairchild et al., 2008; Marsman et al., 2008), but results seem
promising.

While the use of exogenous agents, such as hydrocortisone makes it possible to test causal
hypothesis concerning specific aspects of the system, it is quite artificial. Normally, not only
cortisol is released, but also the sympathetic nervous system is activated. Therefore, studies
should be done using social stressors instead of pharmacological manipulations in order to
elicit an endogenous increase of cortisol levels. The studies in animals reported above that
made use of natural variations in cortisol levels resulted in similar effects compared to an
exogenous application. This should, however, be verified in human samples.

The effects of aggression on information processing of Study 1 were very promising.
Aggression did lead to drastic changes in the processing of social signals. The next step was
already done in Study 2. Although not reported within this thesis, aggression and exogenously
applied cortisol both had effects on the processing of facial stimuli. But the effects were
independent from each other, i.e., cortisol did not amplify the effects of provocation (Bertsch,
et al. unpublished observations). But whether the effects of cortisol on information processing
would lead to heightened aggressive behavior afterwards remains unknown. The next step
would therefore be to use a psychosocial stressor, measure the information processing of
emotional faces or other social stimuli and then induce aggressive behavior. If the mediation
hypothesis holds true, then changes in cortisol levels would lead to changes in information
processing, and those changes would then be associated with aggressive behavior.
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As was seen above, changes in information processing (e.g., a misinterpretation of social
signals) are also proposed to be a mediating factor between low basal HPA axis activity and
aggressive behavior, and some evidence for that already exists. For example, adolescents with
conduct disorder, who are generally characterized by a hypoactive HPA axis, have problems
recognizing different emotional facial expressions (Fairchild, Van Goozen, Calder, Stollery &
Goodyer, 2009). These behavioral data could be complemented by psychophysiological
recordings, in order to pinpoint the deficient neural processes.

1.8 Three notes from the psychologist within
Before concluding this chapter, three points regarding the interpretation of the data and the
relevance for interventions shall be made.

First, our results regarding the difference between the cortisol and placebo group was based
on the difference between the group means. They do not allow conclusions on to the level of
individuals. Within the groups, individuals behaved quite differently in the task, with some
not reacting at all to the provocation, and some reacting already to only mild levels of
provocation (see standard deviations of results in Chapters II and III).

Second, one of the factors that was related to individual differences within the groups was
basal HPA axis activity. It could explain on average about half of the behavioral variance of
aggressive behavior in the two studies (only in the placebo group, however). But what about
the other half? This question brings us back to the General Aggression Model described at the
beginning of this chapter. Biological traits and states are only one part of the explanation of
aggressive behavior. Most importantly, personality characteristics, such as beliefs and values,
and environmental factors can moderate or even cancel out the effects of biological factors
(Kim-Cohen et al., 2006).

And last - but most importantly - although HPA axis functioning was conceptualized in this
thesis as a trait, i.e., a stable predisposition, it can change over time, for better or for worse (as
seen in the book of Saplosky, 2004), thanks to the enormous plasticity of the brain (Kolb &
Whishaw, 1998). Humans can acquire new, alternative behavioral responses7 to
environmental stressors or provocations, and thus change the activity of their brain and their
7

behavior in the broader sense, i.e., including overt behavior, emotion, and cognition
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physiological (re)activity. This, of course, is true for all aspects of human experience. There
are numerous examples from psychotherapy research that attest to the influence of behavioral
changes on brain activity (see Chapter 3 of Grawe, 2004). As my favourite and most inspiring
psychologist of all time, Klaus Grawe, put it: "Psychotherapy acts by changing the brain"
(Grawe, 2004, p. 18, translated by author). In his view, knowledge about the aberrations and
dysfunctions of the brain in psychological disorders (including systems that act on the brain
and are controlled by it, like the HPA axis) are necessary in order to best develop and execute
psychotherapeutic interventions. The research presented in this thesis contributes a small
piece to the puzzle that is the psychophysiology of human aggressive behavior, and may,
someday, lead to better interventions for it.

1.9 Conclusion
The results of studies conducted on stress and aggression (including ours) so far show that
HPA axis (re)activity is an important correlate of human aggressive behavior. A dynamically
functioning HPA axis is vital for normal and adaptive displays of aggressive behavior.
Alterations (or normal variations) in HPA axis (re)activity are associated with quantitative
and qualitative changes in aggressive behavior. Aggression changes the processing of social
information, such as emotional facial expressions, which may be one of the mediating
variables between HPA axis (re)activity and aggressive behavior. Still, lots remains to be
done in order to disentangle the effects of dynamic and basal HPA axis (dys)functioning in
aggressive behavior. Knowledge about this is essential in order to tailor specific interventions
for specific behavioral alternations that are associated with specific changes in
psychophysiological functioning.
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Chapter II - HPA axis activity and aggressive behavior
2.0 Abstract
The hypothalamic-pituitary-adrenal (HPA) axis seems to play a major role in the
development, elicitation, and enhancement of aggressive behavior in animals. Increasing
evidence suggests that this is also true for humans. However, most human research on the role
of the HPA axis in aggression has been focusing on highly aggressive children and adolescent
clinical samples. Here, we report on a study of the role of basal and acute HPA axis activity in
a sample of 20 healthy male and female adults. We used the Taylor Aggression Paradigm to
induce and measure aggression. We assessed the cortisol awakening response as a trait
measure of basal HPA axis activity. Salivary free cortisol measures for the cortisol awakening
response were obtained on three consecutive weekdays immediately following awakening and
30, 45, and 60 min after. Half of the subjects were provoked with the Taylor Aggression
Paradigm to behave aggressively; the other half was not provoked. Acute HPA axis activity
was measured four times, once before and three times after the induction of aggression. Basal
cortisol levels were significantly and negatively related to aggressive behavior in the
provoked group and explained 67% of the behavioral variance. Cortisol levels following the
induction of aggression were significantly higher in the provoked group when baseline levels
were taken into account. The data implicate that the HPA axis is not only relevant in the
expression of aggressive behavior in clinical groups, but also to a large extent in healthy ones.

Keywords
Aggression; Provocation; Taylor Aggression Paradigm; HPA axis; Cortisol awakening
response; Cortisol

2.1 Introduction
Aggressive behavior is a natural and adaptive phenomenon, but can be problematic to society
if it is exaggerated, persistent, or expressed out of context (Nelson and Trainor 2007).
Aggression may be defined as "any form of behavior directed toward the goal of harming or
injuring another living being who is motivated to avoid such treatment" (Baron and
Richardson 1994, p. 7) and is one of the most researched topics in psychology (Hennig et al.
2005). One promising system believed to be involved in aggressive behavior is the
hypothalamic-pituitary-adrenal (HPA) axis and especially its end product, the glucocorticoids.
The HPA axis seems to play a causal role in the formation and escalation of aggressive
behavior in rodents. Both acute and basal HPA axis activity have been shown to influence
aggressive behavior in rats (Kruk et al. 2004). Kruk et al. (2004) identified a positive
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feedback cycle, in which the activation of the HPA axis causes enhanced aggressive behavior,
which in turn further activates the HPA axis. Low basal activity of the HPA axis in rats,
however, is causally involved in abnormal forms of aggressive behavior (Haller et al. 2004).
Several studies have confirmed the relationship of the HPA axis and aggressive behavior in
humans, as well.
A relationship between the activity of the HPA axis and aggression has become evident for
example in depressed patients: those patients who have a hyperactive HPA axis are more
likely to commit suicide compared to those with a normally regulated HPA axis (Coryell and
Schlesser 2001). Evidence for an association between aggressive behavior and acute HPA
axis activity has also come from experimental studies. In healthy adults, increases in cortisol
levels following a laboratory aggression paradigm were associated with the amount of
aggressive behaviors shown within that task (Gerra et al. 2001b; Gerra et al. 2004; Gerra et al.
2001a; Gerra et al. 2007). These increases were also apparent in subjects high in trait
aggression (Gerra et al. 1997). These results, however could not always be replicated (Berman
et al. 1993). Thus, while there is some evidence of an acute enhancement of HPA axis activity
following aggression in healthy adult males, further replication is needed.
Several studies have focused on the relationship between basal HPA axis activity and
aggressive behavior. However, most of this research has centered on male children and
adolescents with externalizing behavior problems. There is evidence that children with
externalizing problems display lower basal cortisol levels than their respective control groups,
and basal cortisol levels are negatively related to externalizing behavior (Alink et al. 2008).
Age seems to be a significant moderator of this relationship, as this pattern was only observed
in school-aged children in this meta-analysis. However, children with externalizing disorders
not only display enhanced aggressive behavior, but also non-aggressive disruptive behaviors
(Hinshaw 1987). Other studies focusing solely on aggressive behavior and basal HPA axis
activity have also reported an inverse relationship (McBurnett et al. 2000; Oosterlaan et al.
2005; Pajer et al. 2001; van de Wiel et al. 2004; van Goozen et al. 1998), though some found
no relationship (van Bokhoven et al. 2005; van den Bergh et al. 2008). Interestingly, only a
few studies on this topic have been conducted in adults. The available findings indicate that
habitually violent offenders (Virkkunen 1985) and males with antisocial personality disorder
(Bergman and Brismar 1994) have lower basal cortisol levels.
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One reason for these divergent results may be methodological differences in the assessment of
basal HPA axis activity. Researchers working with humans measure basal HPA axis activity
mostly by taking a single measurement of cortisol levels in the morning (Pajer et al. 2001), in
the afternoon (Gerra et al. 2001b), or without controlling for time of measurement (McBurnett
et al. 2000). To measure trait aspects of HPA axis activity, it is generally better to measure
cortisol levels in the morning since they are high (Levine et al. 2007) and more genetically
influenced than afternoon or evening levels, which are mostly driven by situational factors
(Schreiber et al. 2006; Wüst et al. 2000a). Increasingly, researchers use the cortisol awakening
response - a surge in cortisol levels following awakening - as an index of basal HPA axis
activity (Kuehner et al. 2007; Marsman et al. 2008; Wirtz et al. 2007). Hellhammer et al.
(2007) suggest that to reliably estimate trait components of HPA axis activity, the cortisol
awakening response should be assessed with four measurements on at least two consecutive
days. Thus, the inconsistent results regarding basal HPA axis activity and aggression may in
fact be due to differing situational influences as well as differences in the time of cortisol
assessment.
In summary, no clear relationship between basal HPA axis activity and aggressive behavior in
humans has emerged, but there is some evidence for an acute increase in HPA axis activity in
healthy males following aggression. Although it is important to understand the developmental
pathways and the biological markers of aggression in clinical groups, most of the problems
for society may result from escalated conflict situations involving healthy individuals (Nelson
and Trainor 2007). Therefore, additional studies with healthy male and female subjects are
necessary.
The aim of this study was to elucidate the relationship between basal and acute HPA axis
activity and aggressive behavior in a group of healthy students. We chose a modified version
of the Taylor Aggression Paradigm, also known as the competitive reaction-time task, to
induce and measure aggressive behavior in our subjects (Taylor 1967). This paradigm has
been extensively validated (Anderson and Bushman 1997; Bernstein et al. 1987; Giancola and
Zeichner 1995). We measured the cortisol awakening response on three consecutive days in a
group of healthy subjects to obtain a reliable index of trait components of HPA axis activity.
In an experimental session, we provoked aggressive behavior with the Taylor Aggression
Paradigm and measured acute HPA axis activity. We expected a rise in cortisol levels in the
provoked group and, within the provoked group, a relationship between the extent of
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aggressive behavior and the rise in cortisol levels. Furthermore, we predicted that basal HPA
axis activity would be negatively correlated with aggressive behavior.

2.2 Methods
2.2.1 Subjects
Twenty students of the University of Trier, Germany, (10 female and 10 male, mean age = 23,
SD = 2.7, range 20-29) took part in the study. All subjects were right-handed. Only nonsmokers were included, since smoking is known to affect HPA-axis activity (Granger et al.
2007). Furthermore, they were physically and psychologically healthy with no history of
psychiatric disorders. To control for hormonal status in females, only those using hormonal
contraceptives were included in the study. The experiment was conducted in accordance with
the Declaration of Helsinki. The Research Ethics Committee of the University of Trier
approved the study, and all subjects gave written informed consent. Subjects were
compensated with 30€ (approximately US $40).

2.2.2 The Taylor Aggression Paradigm
Aggression was elicited with the Taylor Aggression Paradigm. Subjects were led to believe
that they were playing a competitive reaction time task against another subject of the same
sex, who they met before the start of the experiment. The game consisted of 30 trials divided
into three blocks of 10. In each trial, subjects were instructed to react as quickly as possible to
a green square by pressing a key. Subjects were informed that whoever lost a given trial
would receive a blast of noise from the winner. Prior to each trial, subjects were directed to
select the duration and volume of the noise to be presented to their competitor. Noise duration
could be varied between 0 (level 0) and 5 s (level 10) in 0.5 s increments. Volume varied
between 60 (level 1) and 105 dB (level 10) in 5 dB increments. Level 0 on the volume scale
corresponded to 0 dB. After each trial, feedback about the outcome of the trial was presented
on the screen (i.e., whether the subject won or lost). Unknown to the subjects, there was no
actual ‘competitor’. The outcome of the trials was held constant for all subjects (i.e., each
subject won and lost half of the trials). Additionally, noise volume and duration were selected
by the experimenter and varied by trial block. During the first block, all subjects received
short and gentle noises when they lost a trial (volume: M = 62.5 dB, range 0-70 dB; duration:
M = 0.75 s, range 0-1.5 s). Subjects in the non-provoked control group received the same
noises during the second and third block. Subjects in the provoked group received noises of
intermediate intensity and duration in the second block (volume: M = 82.5 dB, range 75-90
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dB; duration: M = 2.75 s, range 2-3.5 s) and high intensity and duration in the third block
(volume: M = 99 dB, range 90-105 dB; duration: M = 4.4 s, range 3.5-5 s). The duration and
volume settings of the subjects were recorded in each trial on the scales from 0 to 10. An
average was computed for each subject and each trial of the volume and duration setting.
Finally, the 10 trials belonging to one block of the Taylor Aggression Paradigm were
averaged for each subject. These values were later used as the dependent variable "aggressive
behavior".

2.2.3 Acute HPA axis activity
During the experiment, salivary cortisol samples were collected once prior to the induction of
aggression and three times after. Subjects obtained native saliva in 2-ml reaction tubes
(Sarstedt, Nümbrecht, Germany). Collection tubes were positioned on the table in front of the
subject and sampling instructions were given via computer. Immediately following the
experiment, samples were frozen for biochemical analysis. Salivary cortisol was analyzed
with a time-resolved immunoassay with fluorescence detection as described in detail
elsewhere (Dressendörfer et al. 1992). Intra- and interassay variability was less than 10 and
12%, respectively.

2.2.4 Basal HPA axis activity
To obtain a reliable trait measure of HPA axis activity, the cortisol awakening response was
assessed on three consecutive weekdays prior to the experiment (Hellhammer et al. 2007).
Subjects collected samples of native saliva at home each day at awakening and 30, 45, and 60
min later. Awakening time was arranged between 6:00 and 8:00 h for all subjects since
awakening time has been shown to influence the cortisol awakening response (Kudielka and
Kirschbaum 2003). We tried to choose a time that fitted into the routine of each subject. In
addition, time of awakening was held constant intraindividually over the three days. During
the sampling period, subjects drank nothing but water and refrained from brushing their teeth,
eating, and exercising. The subjects stored all samples in the refrigerator or freezer until
returning them to our laboratory on the day of the experiment. These samples were analyzed
in the same manner as those obtained during the experiment (see 2.2.3).
We chose to compute the area under the curve with respect to ground (AUCG) of the cortisol
awakening response as a trait measure of HPA axis activity (Hellhammer et al. 2007). AUCG
was calculated by the formula reported in Pruessner et al. (2003) and represents the entire area
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under the cortisol awakening response with respect to ground. The AUCG was calculated for
each subject and day and then averaged over the 3 days to form one reliable indicator of basal
HPA axis activity for each subject. AUCG for 19 subjects were included in analysis, 9 in the
non-provoked control and 10 in the provoked group. One subject was excluded due to lack of
compliance with the sampling schedule on all 3 days. Compliance was defined as a deviation
of no more than 10 min from the targeted time for the first and 7 min for the other samples
(Kudielka and Kirschbaum 2003). Additionally, the AUCGs of two subjects (one from each
group) were averaged across only 2 days due to non-compliance on the third day. Their data
was retained since the reliability of the AUCG when averaged over 2 days is still acceptable
(Hellhammer et al. 2007). Exclusion of these values resulted in correlations of AUCG across
the 3 days between .34 and .65. This is consistent with values reported by others (Wüst et al.
2000b).

2.2.5 Procedure
All subjects were examined individually. We invited the subjects to a preliminary interview,
in which we checked the exclusion criteria and informed them of the aim of the study and the
procedure. Subjects were told that we wanted to assess the relationship between the steroid
hormone cortisol, personality and the perception of and reaction to visual stimuli. The cortisol
sampling and experimental procedures were also described. Eligible subjects received
sampling devices and a protocol to record sampling times, as well as specific instructions
concerning sleep and wake-up times on the night preceding and the morning of the sampling.
Participants also received a battery of personality questionnaires to fill out at home. We
further emphasized the necessity to adhere to the written instructions and sampling times.
The experiment was conducted between 13:00 and approximately 19:00 h, beginning at 13:00
h, 15:00 h, and 17:00 h, where endogenous cortisol levels are low (Schreiber et al. 2006). The
20 subjects were randomly assigned to the provoked or non-provoked control condition, all
the while keeping sex balanced across groups (five males and females in each group). Upon
arrival to the laboratory, each subject returned the questionnaires and cortisol samples and
was introduced to another subject of the same sex (i.e., a confederate) - with whom he or she
was to play a computer game during the experiment. Subjects were then seated in a dimly lit,
sound-attenuated room, 1 m from the computer screen. A computer keyboard and the tubes
for the collection of salivary cortisol were on a table in front of them.
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Each subject was fitted with an EEG-recording device (results reported elsewhere). All
instructions were presented via computer. Subjects first gave a salivary cortisol sample (C1,
baseline measurement). Next, they completed the Taylor Aggression Paradigm, which lasted
for about 10 min. Following the aggression task, subjects gave a second cortisol sample (C2,
+15 min after baseline). Finally, all subjects completed a non-stressful task for approximately
20 min and after this gave a third cortisol sample (C3, +35 min) and another one about 10 min
later (C4, +45 min). Following completion of the session, all subjects were extensively
debriefed, thanked and compensated for their participation. All experimental stimuli were
presented and all reactions were recorded with E-Prime© experiment presentation software
(Psychological Software Tools, Pittsburgh, PA). The entire laboratory session lasted
approximately 90 min.

2.2.6 Statistical analyses
Basal HPA axis activity and aggressive behavior. To examine the effect of the induction of
aggression, repeated measures analysis of variance was conducted. Block of the Taylor
Aggression Paradigm was entered as the within-subjects factor, group (i.e., provoked vs. nonprovoked) was entered as a between-subjects factor and aggressive behavior as the dependent
variable. Furthermore, we included gender as a control factor, but for lack of subjects in each
cell excluded interactions with other variables in the model. AUCG of the cortisol awakening
response was added as a continuous factor to check for main and interaction effects
concerning basal cortisol levels and aggressive behavior. Since the values of the AUCG were
not skewed in the entire sample or in the two groups, the values were not log transformed
prior to analysis. However, the covariate AUCG was z-standardized (Aiken and West 1991).
Acute cortisol levels and aggressive behavior. We performed an ANOVA with the betweensubject factor group, the within-subject factor time of cortisol measurement and cortisol level
as the dependent variable to check, whether cortisol levels increased in the provoked group
due to provocation. Additionally, we controlled for gender and time of experiment (13 h, 15
h, 17 h). Since the salivary cortisol measures taken during the experiment (C1-C4) were
slightly skewed, they were log transformed prior to analysis. Since we found differences in
our sample with respect to cortisol levels at baseline (C1) in the analysis of variance, we
conducted an additional univariate analysis of covariance with the factor group and cortisol
levels after the induction of aggression (C3, 20 min after aggression induction) as the
dependent variable with cortisol levels at baseline included as a covariate. Additionally, we
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correlated aggressive behavior with the change in cortisol levels from before to after the
Taylor Aggression Paradigm in the provoked group to analyze whether the amount of
aggression in this group was related to an increase in cortisol levels. Since it takes about 2030 min after a stressor for cortisol levels to reach their peak in saliva (Kirschbaum and
Hellhammer 1989), the difference between sample C3 (20 min after induction of aggression)
and the baseline sample C1 was calculated. Note that for better interpretation Figure 3 shows
original non-transformed cortisol values as the mean ± standard error of the mean (SEM).
For the ANOVAs, the degrees of freedom were Huynh-Feldt corrected if the assumption of
sphericity was violated and only adjusted results are reported (Huynh and Feldt 1976). We
calculated Hays' ω² as an effect size measure (Hays 1974). An effect of 1% is considered
small, 5% is considered medium and 14% is considered a large effect (Cohen 1988). In case
of significant effects, we used Dunn's multiple comparison procedure as well as Pearson's
correlations as post hoc tests. Statistical analyses were conducted with SPSS for Windows
(Version 14.0, SPSS Inc.). The statistical significance level was set to α = 0.05.

2.3 Results
2.3.1 Subjects' characteristics
Table 1 shows a comparison of subjects from the provoked and non-provoked control group.
Subjects assigned to either condition of the Taylor Aggression Paradigm did not differ in
demographic variables, time of experiment, wake-up time, sleep duration, cortisol increase
from 0 to 30 min post-awakening, and area under the curve AUCG of the cortisol awakening
response.
Table 1 Characteristics of the subjects in the provoked group and non-provoked control group (n = 20)

Age (years)
% Women
Time of experiment (h)
Wake-up time (h)a
Sleep duration (h)a
Mean increase (nmol/l)a,b
AUCG (nmol/l)a,c

Provoked

Non-provoked

M (%) (SD )

M (%) (SD )

23.50 (2.87)
50
14:12 (01:24)
07:04 (00:38)
06:26 (00:55)
5.90 (2.92)
777.96 (126.81)

22.60 (2.50)
50
15:24 (01:35)
07:02 (00:33)
06:36 (01:08)
6.19 (3.71)
752.91 (179.38)

Statistical test value

p -Value

t (18) = 0.75
χ ² (18) = 0.00
t (18) = -1.80
t (17) = 0.12
t (17) = -0.37
t (17) = -.19
t (17) = 0.32

.465
1.00
.089
.905
.716
.853
.754

a

n = 19
Mean increase = Mean cortisol increase from 0 to 30 min post awakening
c
AUCG = Area under the curve with respect to ground of the cortisol awakening response
b
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2.3.2 Manipulation check: aggressive behavior in the
Taylor Aggression Paradigm
The means and standard errors for each group and block are presented in Figure 1. The
provoked group displayed generally more aggressive behavior (M = 3.39, SEM = 0.30) than
the non-provoked control group (M = 2.30, SEM = 0.31). This was especially the case for the
second and third block of the Taylor Aggression Paradigm. The main effects of group
(F(1,14) = 6.37, p = .024, ω² = .22) and of block of the Taylor Aggression Paradigm (F(2,28)
= 13.43, p = .000, ω² = .30) were significant and large, as was the interaction group*block of
the Taylor Aggression Paradigm (F(2,28) = 8.40, p = .003, ω² = .21). Post-hoc tests showed
that the provoked group was significantly more aggressive than the non-provoked control
group in block 2 and 3. Furthermore, within the provoked group, all blocks were significantly
different from one another, with subjects being least aggressive in block 1 and most
aggressive in block 3. The non-provoked control group showed low levels of aggression
throughout the experiment.

Mean aggressive behavior

6
5
4

provoked group
non-provoked control
group

3
2
1
0
Block 1

Block 2

Block 3

Taylor Aggression Paradigm

Figure 1 Aggressive behavior over the three blocks of the Taylor Aggression Paradigm in the
provoked group and the non-provoked control group. Values are means ± SEM.

2.3.3 Basal cortisol levels and aggressive behavior
The cortisol awakening response was robust on all three days. Cortisol levels increased on
average 75% from awakening to 30 min after, which is above average (Wüst et al. 2000b).
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The area under the curve of the cortisol awakening response could explain a majority of the
variance of aggressive behavior seen in the provoked group. Although there was no main
effect of AUCG (F(1,14) = 1.04, p = .325), it interacted significantly with group (F(1,14) =
14.64, p = .002, ω² = .42). Post-hoc Pearson correlations revealed a significant negative
relationship between AUCG and aggressive behavior in the provoked group (r = -.82, p =
.003), displayed in Figure 2. In the non-provoked control group, this correlation was positive,
but not significant (r = .53, p = .144). No other main or interaction effects with AUCG were
found (all F's < 2.72, all p's > .098). The same results were obtained, when AUCG was log
transformed prior to analysis.

7
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Figure 2 Correlation of the area under the curve AUCG of the cortisol awakening response and mean
aggressive behavior in the provoked group (n = 10). R² = .67.

2.3.4 Acute cortisol levels and aggressive behavior
Cortisol levels only increased slightly in the provoked group. The means and standard errors
of the cortisol measurements in both groups are presented in Figure 3. There was a significant
interaction effect of time of cortisol measurement and group (F(3,45) = 4.67, p = .012, ω² =
.12). However, post-hoc tests indicated that the non-provoked control group had higher
cortisol levels at baseline and time point C2 than the provoked group. Furthermore, within the
non-provoked control group cortisol levels decreased significantly over time from baseline to
samples C3 and C4. The increase in the provoked group was not significant. The univariate
analysis of covariance comparing the two groups at time point C3, while controlling for
baseline levels was, however, highly significant (F(1,16) = 10.05, p = .006, ω² = .32), with
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higher cortisol levels in the provoked group. Neither the main effect of group (F(1,16) < 1),
nor the main effect of time of cortisol measurement (F(3,45) = 1.91, p = .159) were
significant. Furthermore, the difference in cortisol levels in the provoked group from before
(C1) to after the Taylor Aggression Paradigm (C3) was not related to the amount of
aggressive behavior: neither aggressive behavior averaged over all blocks (r = .04, p = .911),
nor in any one block (-0.06 < all r's < .31, all p's > .385).
7
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Fig. 3 Cortisol levels during the experiment in the provoked group and the non-provoked control
group. C1, baseline before aggression induction; C2, shortly after aggression induction; C3, about 20
min after aggression induction; C4, at the end of the experiment, about 30 min after aggression
induction. Values are original means ± SEM.

2.4 Discussion
The purpose of the present study was to analyze the relationship between aggressive behavior
and basal as well as acute HPA axis activity. We experimentally induced aggressive behavior
with the Taylor Aggression Paradigm and related the displayed aggressive behavior to basal
and acute HPA axis activity levels in healthy subjects. Overall, subjects in the provoked group
exhibited more aggressive behavior than the non-provoked controls. There was a significant
decrease in cortisol levels in the non-provoked subjects that was absent in the provoked
group, leading to significantly higher cortisol levels in the provoked group after the induction
of aggression, when baseline cortisol levels were controlled for. Additionally, basal HPA axis
activity accounted for a large portion of the variance in aggressive behavior within the
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provoked group. In the following section, we will first review the data from the Taylor
Aggression Paradigm. We will then discuss the results with respect to the acute levels of HPA
axis activity and aggressive behavior, after which we will address the results of basal HPA
axis activity and aggressive behavior.
Results indicate that the induction of aggression with the Taylor Aggression Paradigm was
successful. Subjects in the provoked group reacted more aggressively during blocks 2 and 3
than those in the non-provoked control group. Aggressive behavior also significantly
increased over the three blocks in the provoked group. The interaction of group and block of
the Taylor Aggression Paradigm accounted for 21% of the behavioral variance.
The interaction of group and time of cortisol measurement was significant, but this effect was
due to differences in baseline cortisol levels and changes within the non-provoked control
group. Specifically, cortisol levels in the non-provoked control group were higher at the
beginning and decreased significantly over the course of the experiment, whereas cortisol
levels in the provoked group remained stable for the entire time. Since participants were
randomly assigned to the two groups, the small number of participants may have contributed
to this effect. When controlling for these baseline differences in cortisol levels between
groups, there was a significant and large difference in cortisol levels after the induction of
aggression, with higher levels in the provoked group. Whereas the decrease observed in the
non-provoked control group may represent the normal afternoon decline in cortisol levels, the
absence of a decrease in cortisol levels in the provoked group may indicate enhanced activity
of the HPA axis (Reuter 2002). However, in contrast to other studies (Gerra et al. 2007) we
did not find a correlation between aggressive behavior and the amount of cortisol increase. A
reason for these discrepant results could be our choice of the Taylor Aggression Paradigm to
induce aggression. The Taylor Aggression Paradigm was shorter in duration than the task
used by Gerra et al. and might as such have been less stressful. This is supported by another
study that used the Taylor Aggression Paradigm and assessed acute HPA axis activity
(Berman et al. 1993), which also found no increase in cortisol levels in the provoked group.
Basal HPA axis activity was significantly and negatively related to aggressive behavior in the
provoked group and accounted for as much as 67% of the variance in aggressive behavior
across all blocks. Subjects with lower levels of basal HPA axis activity chose higher and
longer noise settings for their opponents upon being provoked. As demonstrated in a study
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with animals, chronically low basal glucocorticoid levels have been linked to extreme forms
of aggression. For example, Halasz et al. (Halasz et al. 2002) showed that glucocorticoid
deficiency was associated with changes in neural functioning, including a heightened
activation of the central amygdala. This might lead to social deficits, where ambiguous or
neutral situations are misinterpreted and thus lead to a lower threshold for aggressive
behavior. Indeed, changes in social information processing, especially of ambiguous social
stimuli, have been documented in highly aggressive children (Milich and Dodge 1984). We
speculate that in our healthy subjects the same mechanisms might be involved, only in a less
severe manner. Subjects with low basal HPA axis activity may be more sensitive to
situational provocation and react more aggressively than subjects with higher basal HPA axis
activity. In contrast, this negative relationship between aggressive behavior and basal HPA
axis activity was not present in the non-provoked control group, where the correlation was
positive, albeit non-significant. Qualitative differences between aggressive behavior in the
two groups may explain these different associations with basal HPA axis activity, since
aggressive behavior in the provoked group was more of a reactive kind compared to that in
the non-provoked group, which was also generally lower (Bettencourt et al. 2006). Several
studies have noted different underlying biological mechanisms for these aggression subtypes
(Nelson and Trainor 2007; Strüber et al. 2008). This has also been recently shown for the
HPA axis (Lopez-Duran et al. 2009), in that HPA axis reactivity to stressful situations in
children was positively related to reactive, but not to proactive aggression. By extension, it
seems likely that low basal HPA axis activity may lead to heightened reactive aggression in
situations involving provocation, but may impede the elicitation of (proactive) aggression in
non- or only low provoking situations. However, the positive correlation for proactive
aggression displayed by the non-provoked control group needs to be validated with a larger
sample.
When interpreting the results of the present study, several limitations have to be kept in mind.
First, we chose to analyze a relatively small number of subjects. However, even with this
small sample, a significant and large effect of basal HPA axis activity and aggression was
observed in the provoked group. Second, we could not analyze the interaction effects of sex
with other independent variables since the amount of subjects in each cell was too low. But,
we controlled for sex effects by having an equal amount of men and women in each group
and by including this factor as a covariate into the analysis. Third, as discussed above, the
provocation we used was relatively mild compared to other experimental settings, which have
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previously been used to activate the HPA axis, or real world conflict situations. While this
may explain our lack of findings for an increase in cortisol, we did find a significant
difference between the two groups, in that the provoked group had higher levels than the nonprovoked control group when controlling for baseline levels. Furthermore, the significant
differences observed in aggressive behavior between the provoked and non-provoked control
group suggest that the task was effective.
This is the first time that the relationship between trait components of HPA axis activity and
aggressive behavior was analyzed experimentally in a group of healthy subjects. When trait
aspects of basal HPA axis activity are reliably assessed, large effects on aggressive behavior
within healthy adults can be observed in provoking situations. The study further underlines
the importance of distinguishing between basal and acute HPA axis activity, since both relate
to aggressive behavior in different ways, and of measuring them accordingly.
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3.0 Abstract
The hypothalamic-pituitary-adrenal (HPA) axis plays a major role in the development,
elicitation, and enhancement of aggressive behavior in animals. Increasing evidence suggests
that this is also true for humans. Here, we report on a study of the role of basal and acute HPA
axis activity in a sample of 48 healthy male and female adults. We pharmacologically
enhanced cortisol levels and used the Taylor Aggression Paradigm (TAP) to induce and
measure aggression (divided into three blocks). Participants either received an oral dose of 20
mg hydrocortisone (cortisol group) or a placebo (placebo group). Half of each group received
high or low levels of provocation with the TAP, respectively. Before, we assessed the cortisol
awakening response as a trait measure of basal HPA axis activity. Participants in the cortisol
group reacted more aggressively in the third block of the TAP compared to the placebo group.
Furthermore, gender interacted with treatment: only females, but not males showed enhanced
aggressive behavior after cortisol administration. There was no significant difference in males
between the placebo and cortisol group. Basal HPA axis activity was negatively related to
aggressive behavior, but again only in females and most strongly within the placebo group.
This study provides the first evidence for a causal involvement of acute HPA axis activation
in aggressive behavior in humans.

Keywords
Aggression; Taylor Aggression Paradigm; HPA axis; Cortisol; Cortisol awakening response;
Gender differences

3.1 Introduction
Aggressive behavior is a natural and adaptive phenomenon, but it can be problematic for
society if it is exaggerated, persistent, or expressed out of context (Nelson and Trainor, 2007).
A system believed to be involved in aggressive behavior is the hypothalamic-pituitary-adrenal
(HPA) axis and especially its endproduct, the glucocorticoids. In animals, there is extensive
evidence for the importance of this system for the development, the elicitation, and the
enhancement of aggressive behavior, as well as its role in pathological forms of aggression
(Wommack and Delville, 2007). An acute dose of corticosterone lowers the threshold for
attack behavior in rats, evoking aggressive behavior more readily (Kruk et al., 2004). Apart
from acute increases in cortisol, basal levels of HPA axis activity also seem to be relevant in
determining aggressive behavior in animals. An experimentally induced chronic
glucocorticoid deficiency is causally involved in heightened aggressive behavior in rats,
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leading to abnormal attack behavior of the animal (Haller et al., 2001; Haller et al., 2004;
Haller and Kruk, 2006). However, basal HPA axis activity triggers abnormal aggressive
behavior only when no acute activation of the HPA axis takes place (Haller et al., 2001). In
sum, both acute and basal HPA axis activity causally influence the expression of aggressive
behavior, albeit in different ways.
In humans, the HPA axis has been recognized as an important system involved in the
development and expression of antisocial behavior, especially in children (van Goozen and
Fairchild, 2006; van Goozen et al., 2007). In the following, we will refer to cortisol levels at a
specific time point as acute HPA axis activity, trait like aspects of cortisol levels at rest as
basal HPA axis activity, and the change in HPA axis activity following a challenge as HPA
axis reactivity.
Correlative as well as experimental evidence suggests that acute HPA axis activity is
associated with aggressive behavior. In fact, a hyperreactive HPA axis has been postulated to
be involved in aggressive behavior (Haller and Kruk, 2006). This has recently been confirmed
by a study in humans, where HPA axis reactivity to stressful situations in children was
positively related to reactive, but not to proactive aggression as measured with a questionnaire
(Lopez-Duran et al., 2009). In a series of experiments, Gerra and colleagues (2007) measured
acute HPA axis activity prior to an aggression induction procedure in a group of healthy
participants and found cortisol levels to be positively associated with aggressive behavior.
Not all studies, however, found the latter effect (Berman et al., 1993; Salvador et al., 1999).
Moreover, Verona and colleagues could show that stressful situations also have an impact on
aggressive behavior (2006a, 2006b, 2007b). They physically stressed their participants
(healthy adult males and females) and concurrently measured levels of aggressive behavior in
a teacher-learner paradigm. The stressor seems to enhance aggressive behavior in males, but
not in females. However, this could not always be replicated (Verona et al., 2007a).
Basal HPA axis activity is not only important in the aggressive behavior of child-aged clinical
groups, but also in healthy adult humans. Most of the studies, have been correlative of nature,
mostly using male child and adolescent clinical groups with extreme levels of aggressive
behavior. When including the studies with healthy samples, on average an effect of d = -.40
can be observed (van Goozen et al., 2007): Low basal cortisol levels were related to enhanced
aggressive behavior, mirroring the results of the animal studies. However, another meta44
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analysis relating externalizing behavior, which includes aggressive behavior, with cortisol
levels could show that this effect was age dependent and only apparent in the group of schoolaged children (Alink et al., 2008). In a prior study that we conducted with healthy adult males
and females, basal HPA axis activity was negatively related to aggressive behavior and
explained more than half of the variance in observed aggressive behavior (R. Böhnke, K.
Bertsch, M.R. Kruk, and E. Naumann, unpublished observations).
To summarize, there is evidence that acute as well as basal HPA axis activity play a role in
aggressive behavior. However, especially in healthy adults, experimental evidence involving
acute and basal HPA axis activity and aggression is rare. Aggressive behavior is not only
displayed by humans with different psychopathological conditions, but frequently also by
otherwise healthy adults in escalated conflict situations (Nelson and Trainor, 2007).Therefore,
it is important to experimentally analyze the relationship of the HPA axis and aggression in
healthy individuals, as well.
Also, when studying aggression, gender has to taken into account, since males are generally
more aggressive than females (Bettencourt and Miller, 1996; Anderson and Bushman, 2002).
This is especially important when studying the biology of aggression, since at least some
biological systems seem to have a different functionality with regard to aggression in males
and females (Strüber et al., 2008). However, most of the previously mentioned studies were
conducted with male participants only, making it difficult to assess gender specific influences
of HPA axis activity. Therefore, we included male and female participants in our study.
The aim of this study was to elucidate the relationship of basal and acute HPA axis activity
and aggressive behavior in healthy male and female adults. We chose a modified version of
the Taylor Aggression Paradigm, also known as the competitive reaction-time task, to induce
and measure aggressive behavior in our participants (Taylor, 1967). This paradigm has been
extensively validated and has been shown to have high reliability and external and construct
validity for men and women (Bernstein et al., 1987; Giancola and Zeichner, 1995; Anderson
and Bushman, 1997; Giancola and Parrott, 2008). Before implementing the Taylor
Aggression Paradigm we gave participants either 20mg of hydrocortisone (cortisol group) or a
placebo (placebo group) in a double-blind fashion. Half of each group received low levels of
provocation (low provocation group), the other half received high levels of provocation (high
provocation group) in the Taylor Aggression Paradigm. During the task, the participants in
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both groups had the chance to respond aggressively. To reliably assess trait components of
basal HPA axis activity, we measured the cortisol awakening response on three consecutive
days before the experimental session (Hellhammer et al., 2007). We expected an increase in
aggressive behavior in the cortisol group, especially in those receiving high levels of
provocation. Additionally, we expected that acute cortisol levels in the placebo group should
be positively related to aggressive behavior, especially in those subjects that were highly
provoked. Since the literature is inconsistent, we did not have specific hypotheses with
respect to gender. Since animal studies showed that low basal HPA axis activity only had an
effect on aggressive behavior when the HPA axis was not acutely activated, we expected a
relationship of basal HPA axis activity and aggression in the high as well as the low
provocation group, but only in those participants that received a placebo. This should apply to
males as well as females.

3.2 Methods
3.2.1 Participants
56 students of the University of Trier, Germany, (28 female and 28 male, mean age = 23, SD
= 2.5, range 19-32) took part in the study. However, data of only 48 participants are reported
(24 female and 24 male, mean age = 23, SD = 2.7, range 19-32), since eight participants had
to be removed from analysis due to reasons discussed in section 2.7 1 . Exclusion criteria were
as follows: any acute or chronic disease, a presence or history of mental illness and use of
medication. Furthermore, since cigarette smoking is known to change HPA axis activity, only
non-smokers were included (Granger et al., 2007). Since we gave a standardized dose of
hydrocortisone, we only included subjects with a BMI between 19 and 25. Since we also
measured the EEG, we had to excluded left-handed subjects, since handedness is related to
brain activity. In the Taylor Aggression Paradigm, we used colored stimuli for the reaction
time task. Therefore participants were checked for color-blindness in the interview, and were
excluded, if they could not distinguish colors. Only non-pregnant women who used hormonal
contraceptives were included in the study to control for hormonal status. However, women
using the oral contraceptives Yasmine, Yasminelle and Petibelle were excluded, since these
medications have the component Drospirenone, which is an antagonist for the
mineralocorticoid receptor and therefore might have interfered with the effect of cortisol

1

To make sure that exclusion of the subjects did not lead to a selection bias, excluded subjects (N = 8) were
compared to included subjects (N = 48) on basal cortisol levels, cortisol levels during the experiment, and
aggressive behavior within each block. In all cases, the means of the excluded group were within one standard
deviation of the means of the included group.
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administration (Genazzani et al., 2007). Medical exclusion criteria were assessed by a
physician. The experiment was conducted in accordance with the Declaration of Helsinki. The
Ethical Committee of the State’s Medical Association (Landesärztekammer Rheinland-Pfalz)
approved the study, and all participants gave written informed consent. Participants were
compensated with €40 (approximately US $55).

3.2.2 The Taylor Aggression Paradigm
Aggression was elicited with the Taylor Aggression Paradigm in half of the participants (high
provocation group) whereas the other half was only mildly provoked (low provocation
group). Participants were led to believe that they were playing a competitive reaction time
task against another participant, who they met before the start of the experiment. The game
consisted of 30 trials divided up into three blocks of 10. The number of trials was chosen to
be as similar as possible to previous studies on the validity of the paradigm (Giancola and
Parrott, 2008). The task of the participants in each trial was to react as fast as possible to a
green square by pressing a key. They were told that whoever lost a given trial would be
presented with a blast of noise by the other person. Prior to every trial, the participants had to
set the duration and the volume of the noise for the other person on two separate scales
reaching both from 0 to 10. Corresponding to the 11 levels, the duration could be varied
between 0 (level 0) and 5 seconds (level 10) in 0.5 second increments. The volume varied
between 60 (level 1) and 105 dB (level 10) in 5 dB increments. The level 0 on the volume
scale corresponded to 0 dB. After each trial, feedback about the outcome of the trial was
presented on the screen, i.e. whether the participant won or lost. In fact, there was no other
participant and the outcome of the trials was held constant for all participants - they won and
lost half of the trials each. The experimenter also set in advance the volume and duration of
the noise according to the block and condition of the participant. During the first block, all
participants received short and gentle noises when they lost a trial (volume: M = 62.5 dB,
range 0-70 dB; duration: M = 0.75 s, range 0-1.5 s). Participants of the low provocation group
received the same noises during the second and third block, as well. Participants of the high
provocation group were exposed to noises of intermediate intensity and duration in the second
block (volume: M = 82.5 dB, range 75-90 dB; duration: M = 2.75 s, range 2-3.5 s) and high
intensity and duration in the third block (volume: M = 99 dB, range 90-105 dB; duration: M =
4.4 s, range 3.5-5 s) whenever they lost a trial. The duration and volume settings of the
participants were recorded and an average was computed of the volume and duration setting
for each participant and trial, except for when one of the settings was 0. In that case, the total
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score was also set to 0 since no noise would have been presented to the other participant and
would not have constituted an aggressive act. Finally, the 10 trials belonging to one block of
the Taylor Aggression Paradigm were averaged for each participant. These values were later
used as the dependent variable "aggressive behavior" in statistical analysis and can also be
seen in the figures.

3.2.3 Feelings of anger and negative affect
To validate that the Taylor Aggression Paradigm did in fact lead to more negative and
especially angry feelings, we administered the German version of the state Positive and
Negative Affect Schedule (PANAS; Krohne et al., 1996) before and after the aggression
induction procedure.

3.2.4 Acute HPA axis activity
To acutely enhance circulating cortisol levels, half of the participants of both the high and low
provocation group received an oral dose of 20mg of hydrocortisone (cortisol group) 1 h prior
to the aggression induction. The other half were administered a placebo (placebo group). In
the debriefing session, the participants' feeling of whether cortisol or placebo was
administered, was inquired.
Salivary cortisol samples were collected once directly before the administration of
hydrocortisone/placebo, and during the experimental session once before the induction of
aggression and three times after. Participants obtained native saliva in 2 ml reaction tubes
(Sarstedt, Nümbrecht, Germany). The first sample was taken in the waiting room and
participants were instructed by the experimenter, the other samples were taken in the
laboratory. There, the tubes for collection were stationed on the table in front of the
participant and the instructions were given via the computer. Directly after the experiment,
the samples were frozen for biochemical analysis. Salivary cortisol was analyzed with a timeresolved immunoassay with fluorescence detection as described in detail elsewhere
(Dressendörfer et al., 1992). Intra- and interassay variability was 4,0 - 6,7% and 7.1 - 9.0%,
respectively. For the participants who were administered hydrocortisone, a cut-off was set at
100 nmol/l for the samples taken after hydrocortisone administration (samples C2-C5), since
the assay did not permit reliable measurements above 100 nmol/l.
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3.2.5 Basal HPA axis activity
To get a reliable trait measure of HPA axis activity, the cortisol awakening response was
assessed on three consecutive weekdays prior to the experiment (Hellhammer et al., 2007).
The participants collected samples of native saliva at home each day at awakening and 30, 45,
and 60 minutes later. Awakening time was arranged between 6:00 and 8:00 h for all
participants since awakening time has been shown to influence the cortisol awakening
response (Kudielka and Kirschbaum, 2003). We tried to choose a time that fitted into the
routine of each participant. In addition, time of awakening was held constant intraindividually
over the three days. During the sampling period, participants drank nothing but water and
refrained from brushing their teeth, eating, and exercising. The participants stored all samples
in the refrigerator or freezer until returning them to our laboratory on the day of the
experiment. The samples were processed in the same way as the samples collected during the
experiment (see 2.4). We computed the area under the curve with respect to ground (AUCG)
of the cortisol awakening response as a trait measure of HPA axis activity (Hellhammer et al.,
2007). It was calculated by the formula reported in Pruessner et al. (2003) and represents the
entire area under the cortisol awakening response with respect to ground. The AUCG was
calculated for each participant and day and then averaged over the three days to form one
reliable indicator of basal HPA axis activity for each participant. The correlations of the
AUCG of the three days for the 48 included participants ranged between r = .68 and r = .72,
which is above values reported by others (Wüst et al., 2000b).

3.2.6 Procedure
All participants were examined individually. We invited the participants to a preliminary
interview, in which we checked the exclusion criteria and informed them about the aim of the
study and the procedure. In the preliminary interview, participants were told that we wanted
to assess the relationship between the steroid hormone cortisol and the perception of and
reaction to visual stimuli. We informed them about the cortisol sampling and the experimental
procedure. Then the dates and times for the sampling of the cortisol awakening response and
the experiment were arranged. Finally, they received a battery of personality questionnaires to
fill out at home. They also took home sampling devices for salivary cortisol and a protocol to
keep records of the time of sampling, the time of going to sleep the previous night, and wakeup time on the morning of the sampling. We further emphasized the necessity to adhere to the
written instructions and sampling times. In a separate meeting, a physician conducted a
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clinical interview with the participants and checked the health status and medical exclusion
criteria.
The experiment was conducted between 12:00 and approximately 19:20 h, beginning at 12:00
h, 14:30 h and 17:00 h, were endogenous cortisol levels are low (Schreiber et al., 2006). The
originally 56 participants were randomly assigned to the provoked or non-provoked control
condition and the cortisol and placebo groups, but sex was balanced across groups. Of the 48
participants analyzed, 11 were in the high provocation/cortisol, 11 were in the high
provocation/placebo group, 13 were in the low provocation/cortisol, and 13 were in the low
provocation/placebo group. On arrival, we acquainted the participant with another participant
of the same sex - in fact, a confederate of the investigator - with whom he or she was to play a
computer game during the experiment. The participant as well as the confederate handed over
the filled out questionnaires and the salivary cortisol samples they collected at home.
Participants were seated in a waiting room, were they gave the baseline cortisol sample (C1,
baseline, -1 h). Then, they were administered 20mg of hydrocortisone or a placebo. They
were then left alone in the room to fill out questionnaires. The confederate was ostensibly
seated in a different room. After 30 min, the experimenter escorted the participant to the room
in which the experimental session took place. They were seated in a dimly lit soundattenuated room, 1 m from the computer screen. A computer keyboard and the tubes for the
collection of salivary cortisol were on a table in front of them.
The participants were fitted with an EEG and ECG-recording device and were left alone in
the room for the remainder of the experiment. They received instructions via the computer
screen. The computer program was started exactly 1 h after the administration of
hydrocortisone/placebo. First, they gave a salivary cortisol sample (C2, 0 min) and filled out
the PANAS state questionnaire. Then, they played the Taylor Aggression Paradigm, which
lasted for about ten minutes. Afterwards, they gave a third cortisol sample (C3, +15 min) and
filled out the PANAS state again. They worked on an emotional Stroop task for about 20
minutes (results reported elsewhere), gave their fourth (C4, + 40 min) and fifth (C5, +50 min)
cortisol sample, and were extensively debriefed. We thanked and compensated them for their
participation. Stimuli were presented and the reactions were recorded with E-Prime
presentation software (Psychological Software Tools, Pittsburgh, PA). The experiment, from
arrival to debriefing had a duration of about 140 minutes. Figure 4 presents a timeline of the
experimental procedure.
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Figure 4 Timeline of the experiment. S = Salivary cortisol sample; P = PANAS state questionnaire.

3.2.7 Statistical analyses
Of the 56 participants, only 48 could be included in the statistical analyses. One subject (high
provocation/cortisol group) had outlier values on all three blocks of the Taylor Aggression
Paradigm, in that he responded with extremely high aggression. One subject (high
provocation/cortisol group) did not respond with elevated salivary cortisol levels at C2 (1 h
after oral administration) but only towards the end of the entire session (C5) and was
therefore removed. Six subjects did not comply with the protocol for ambulant salivary
cortisol assessment on two or three days (two each in the high provocation/cortisol and high
provocation/placebo group, and one each in the two low provocation groups). Compliance
was defined as a deviation of more than 10 minutes from the targeted time for the first, and 7
minutes for the other samples (Kudielka and Kirschbaum, 2003). These subjects were
removed from all of the analysis, i.e. results of the same 48 subjects are reported for the
different analyses.
To validate the Taylor Aggression Paradigm with the PANAS, we conducted 2x2x2 analysis
of variance with provocation group (high and low provocation), treatment (cortisol and
placebo), and measurement time (before vs. after the Taylor Aggression Paradigm) for the
negative affect scale of the PANAS and for the item "feelings of anger". To check, whether
the aggressive behavior was related to the amount of provocation, the acute increase in
cortisol levels, basal cortisol levels or gender, we calculated an analysis of variance with
provocation group, treatment (cortisol and placebo), and gender as a between-subject factor,
Block of the Taylor Aggression Paradigm as a within-subjects factor, and aggressive behavior
as the dependent variable. The area under the curve with respect to ground AUCG of the
cortisol awakening response was added as a continuous factor to check for main and
interaction effects concerning basal cortisol levels and aggressive behavior. Since the values
of the AUCG were not skewed in the entire sample or in the two groups, the values were not
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log transformed prior to analysis. However, the continuous factor AUCG was z-standardized
(Aiken and West, 1991). Additionally, to further check whether acute cortisol levels were
related to aggressive behavior, the cortisol levels during the experiment and were correlated
with aggressive behavior within the placebo group. Since cortisol levels within the placebo
group did not change much over the experiment (increase of 0.66 nmol/l), the log transformed
data were averaged over all five samples and were correlated with aggressive behavior in each
block and mean aggressive behavior. Since cortisol is released in a diurnal fashion, we
checked whether the time of the experiment was related to cortisol levels before, during, or
after the Taylor Aggression Paradigm. Since the correlations were close to zero (-.051 < r's <
-.092), time of the experiment was not added as an additional variable in the analyses.
The degrees of freedom were Huynh-Feldt corrected if the assumption of Sphericity was
violated and only adjusted results are reported (Huynh and Feldt, 1976). We calculated Hays'
ω² as an effect size measure (Hays, 1974). An effect of 1% is considered small, 5% is
considered medium and 14% is considered a large effect (Cohen, 1988). For the analysis, only
significant effects of at least ω² = 5% were deemed relevant and are reported. Where
appropriate, we used Dunn's Multiple Comparison Procedure as well as Pearson correlations
as post-hoc tests. Statistical analyses were conducted with SPSS for Windows (Version 17.0,
SPSS Inc.). The statistical significance level was set to alpha = 0.05.

3.3 Results
3.3.1 Participants' characteristics and manipulation check
Table 2 shows a comparison of participants from the four experimental groups. Participants
assigned to either condition of the Taylor Aggression Paradigm and cortisol or placebo
administration did not differ in demographic variables, time of experiment, wake-up time,
sleep duration, area under the curve AUCG of the cortisol awakening response, and baseline
cortisol measurement (C1). However, we found slightly positive associations between basal
cortisol levels and wake-up time for the three days (r = .13 to .35) and overall wake-up time
and AUC of the cortisol awakening response (r = .31). Participants in the entire placebo group
differed significantly from participants in the cortisol group with respect to log transformed
cortisol levels at the start of the Taylor Aggression Paradigm (C2), indicating that the acute
enhancement of cortisol levels with hydrocortisone was successful. The participants in the
cortisol group had original cortisol levels well above those of the placebo group before
(cortisol: M = 96.93, SEM = 2.04; placebo: M = 4.02, SEM = 0.39) and after the Taylor
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Aggression Paradigm (cortisol: M = 89.80, SEM = 3.47; placebo: M = 4.11, SEM = 0.44).
Also, participants were not aware, whether they were in the cortisol or the placebo group,
respectively.

Table 2 Characteristics of the subjects in the four groups: high provocation/cortisol (n = 11), high provocation/placebo (n = 11),
low provocation/cortisol (n = 13) and low provocation/placebo (n = 13)
high
provocation/

high
provocation/

M (SD)

M (SD )

Number women/men
Age (years)
Time of experiment (h)
a

Wake-up time (h)

a

Sleep duration (h)
b

low provocation/ low provocation/
cortisol
placebo
M (SD )

M (SD )

Statistical test
value

p -Value

6/5

5/6

6/7

7/6

c² (3) = 0.37

.953

22.55 (2.38)

23.55 (3.96)

23.38 (2.02)

22.69 (2.29)

F (3,44) < 1

.762

15:33 (02:04)

15:27 (02:29)

14:55 (02:37)

15:07 (02:45)

F (3,44) < 1

.922

07:17 (00:52)

07:07 (00:39)

07:15 (00:35)

07:02 (00:42)

F (3,43) < 1

.828

07:00 (00:49)

06:58 (01:11)

07:16 (00:56)

06:18 (00:44)

F (3,43) < 1

.757

701.10 (240.70)

598.95 (232.55)

720.87 (261.48)

796.50 (221.39)

F (3,44) = 1.36

.266

baseline cortisol (C1)

0.75 (0.13)

0.67 (0.18)

0.66 (0.20)

0.63 (0.22)

F (3,44) < 1

.516

cortisol at start of TAP (C2

1.99 (.03)

0.51 (0.19)

1.97 (0.07)

0.61 (0.17)

F (1,46) = 1324.44

.000

5/6

8/3

9/4

11/2

c² (1) = 0.89

.344

AUCG (nmol/l)

c

e

number placebo/cortisol
a

n = 47

b

AUCG = Area under the curve with respect to ground of the cortisol awakening response

c

log transformed values in nmol/l

d

Coparison between entire cortisol and placebo groups directly before the Taylor Aggression Paradigm (TAP)

e

Amount of subjects that thought they had gotten a placebo/cortisol tablet, comparison between cortisol and placebo groups

Figure 5 shows the descriptive values for all of the cells of the design, with the four graphs
representing the aggressive responding in the high and the low provocation groups separately
for males and females in the cortisol and placebo groups, respectively. Through the
administration of cortisol, women became generally more aggressive (4b vs. 4d). The
response pattern in the Taylor Aggression Paradigm of women receiving cortisol was very
similar to the pattern seen in males under cortisol treatment (4c vs. 4d).
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c) Cortisol, males

6
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5

5

4
3
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M aggressive behavior

M aggressive behavior

a) Placebo, males

4
3
low provocation

2

high provocation

1
0

0
1

2

3

1

Block of the Taylor Aggression Paradigm

6

6

5

5

4
3
low provocation
high provocation

1
0

3

d) Cortisol, females

M aggressive behavior

M aggressive behavior

b) Placebo, females

2

2

Block of the Taylor Aggression Paradigm

4
3
low provocation

2

high provocatio

1
0

1

2

3

Block of the Taylor Aggression Paradigm

1

2

3

Block of the Taylor Aggression Paradigm

Figure 5 Mean aggressive behavior over the three blocks of the Taylor Aggression Paradigm in the
low and high provocation condition displayed for each gender/treatment condition (high
provocation/cortisol/males (n = 5); high provocation/placebo/males (n = 6); low
provocation/cortisol/males (n = 7); low provocation/placebo/males (n = 6); high
provocation/cortisol/females (n = 6); high provocation/placebo/females (n = 5); low
provocation/cortisol/females (n = 6); low provocation/placebo/females (n = 7)).

3.3.2 The effect of provocation in the Taylor Aggression Paradigm
and cortisol administration on negative affect and angry feelings
For the item "angry feelings", the main effect of provocation group (F(1,44) = 8.349, p =
.006, ω² = .13), the main effect of measurement time (F(1,44) = 19.928, p = .000, ω² = .16), as
well as the interaction of provocation group and measurement time (F(1,44) = 15.899, p =
.000, ω² = .13) were significant. Post-hoc tests indicated that while participants in the low and
high provocation group did not differ before the Taylor Aggression Paradigm in their feelings
of anger, participants in the high provocation group had significantly more angry feelings
after the Taylor Aggression Paradigm compared to before and compared to the low
provocation group after the task. There were no main or interaction effects concerning
treatment (all F's < 1). For the negative affect scale, results were similar: Although the main
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effect of measurement time was not significant (F(1,44) < 1), the main effect of provocation
group (F(1,44) = 5.952, p = .019, ω² = .09), as well as the interaction were significant
(F(1,44) = 15.390, p = .000, ω² = .13). Overall, the high provocation group showed more
negative feelings than the low provocation group. The post-hoc test for the interaction
indicated that this was only true after the Taylor Aggression Paradigm. There were no
differences in negative affect prior to the task. Again, there were no effects involving
treatment.

3.3.3 The effects of provocation, HPA axis activity, and gender
on aggressive behavior
As expected, high provocation led generally to more aggressive behavior (M = 3.55, SEM =
0.30) than low provocation (M = 2.26, SEM = 0.22). The main effect of provocation (F(1,32)
= 12.300, p = .001, ω² = .19), the main effect of Block of the Taylor Aggression Paradigm
(F(2,64) = 9.736, p = .000, ω² = .11), as well as the interaction of the two (F(2,64) = 21.562, p
= .000, ω² = .22) were significant. The post-hoc test of the effect of Block of the Taylor
Aggression Paradigm revealed that the participants were significantly more aggressive in
Block 3 than in Block 1 or 2. Post-hoc tests of the interaction demonstrated that the high
provocation group significantly increased their aggressive behavior over all blocks and this
group showed significantly more aggressive behavior than the low provocation group in
Block 2 and 3 of the Taylor Aggression Paradigm. The interaction is displayed in Figure 6.

M aggressive behavior

6
5
4
3
high provocation

2

low provocation

1
0
Block 1

Block 2

Block 3

Taylor Aggression Paradigm

Figure 6 Aggressive behavior over the three blocks of the Taylor Aggression Paradigm in the low (n =
26) and high (n = 22) provocation group. Values are means ± SEM.
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The acute administration of cortisol had no overall effect on aggressive behavior (F(1,32) <
1), but interacted significantly with Block of the Taylor Aggression Paradigm (F(2,64) =
4.728, p = .012, ω² = .05). Post-hoc tests indicated that the cortisol group was significantly
more aggressive than the placebo group in Block 3 of the task, but not in Block 1 or 2.
Furthermore, the cortisol group showed more aggressive behavior in Block 3 than in Block 1
or 2. The interaction is displayed in Figure 7. Furthermore, the cortisol treatment also
significantly interacted with gender (F(1,32) = 6.114, p = .019, ω² = .10; see Figure 8). The
post-hoc tests indicated that males behaved more aggressively than females, but only in the
placebo group. In the cortisol group, there was no difference between male and female
aggression. The difference in aggression in females between the placebo and the cortisol
group was significant. Although males tended to show less aggressive behavior under cortisol
compared to the placebo condition, this decline was not significant and there were no
significant higher order interactions including gender and treatment condition.

M aggressive behavior

5

4

3
Cortisol group
Placebo group

2

1

0

Block 1

Block 2

Block 3

Taylor Aggression Paradigm
Figure 7 Aggressive behavior over the three blocks of the Taylor Aggression Paradigm in the cortisol
(n = 24) and the placebo group (n = 24). Values are means ± SEM.
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M aggressive behavior

5

4

3

2
Females
Males

1

0

Placebo group

Cortisol group

Treatment
Figure 8 Mean aggressive behavior for males and females in the placebo and cortisol group,
respectively (all n = 12). Values are means ± SEM.

When looking at the placebo group, the average acute cortisol levels during the experiment
tended to positively correlate with aggressive behavior, especially in block 2 of the task, but
were not significant (mean aggressive behavior: r = .219; block 1: r = .317; block 2: r = .309;
block 3: r = .042, all p's > .05). However, the low and high provocation groups were mixed in
this analysis. The correlations were much stronger and in some cases significant, if only the
high provocation group was analyzed (mean aggressive behavior: r = .599, p = .051; block 1:
r = .576, p = .064; block 2: r = .778, p = .005; block 3: r = .198, p = .560), whereas
correlations for in the low provocation groups were close to zero and not significant (.145 <
r's < .168).
Within the analysis of variance, basal HPA axis activity had no general effect on aggression
(F(1,32) = 1.135, p = .295), but it interacted significantly with gender and Block of the task
(F(1,64) = 6.694, p = .002, ω² = .07). A negative relationship between the cortisol awakening
response and aggressive behavior was only apparent for women and got stronger over the
course of the three blocks (Block 1: r = -.168; Block 2: r = -.311; Block 3: r = -.381). For
men, the correlations were around zero in all three blocks. This interaction was further
qualified by a four way interaction involving provocation group (F(1,64) = 5.176, p = .008, ω²
= .05). While men showed positive correlations between basal cortisol levels and aggression
in the low provocation group, there was no discernable pattern for men in the high
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provocation group. In women in both the low and high provocation group, the correlations
were negative and again strongest in the third block of the task. Furthermore, as predicted,
basal cortisol levels interacted significantly with cortisol group and Block of the Taylor
Aggression Paradigm (F(1,64) = 5.169, p = .008, ω² = .05), in that the negative correlation
was only visible in the placebo, but not in the cortisol group. Again, the negative correlations
got stronger over the three blocks, with a correlation of r = -.409 in the third block (Block 1: r
= -.087; Block 2: r = -.210) 2 .

3.4 Discussion
The aim of our study was to investigate the relationship of characteristics of HPA axis activity
and experimentally induced aggressive behavior. Our findings clearly show that both an acute
dose of hydrocortisone as well as basal HPA axis activity were important factors in explaining
aggressive behavior. However, the effects depended on gender, as the relationship between
the HPA axis and aggressive behavior were only visible in women, but not in men. In women,
an acute dose of hydrocortisone lead to increased aggressive behavior and basal HPA axis
activity was negatively correlated with aggressive behavior.
The induction of aggression with the Taylor Aggression Paradigm was successful.
Participants in the high provocation group reacted significantly more aggressively in Block 2
and 3 of the task than the low provocation group. Furthermore, aggressive behavior
significantly increased over the three blocks in the high provocation group, while there was
no change in aggression in the low provocation group. 22% of the behavioral variance could
be accounted for by the interaction of provocation and Block of the Taylor Aggression
Paradigm. Moreover, participants in the high provocation group reported more negative
feelings and particularly more feelings of anger after the task than the low provocation group,
further validating the procedure. There were no effects of cortisol administration on negative
affect and anger.
The acute dose of hydrocortisone showed no overall effect on aggressive behavior, but rather
interacted with Block of the Taylor Aggression Paradigm and gender. Participants who were
treated shortly before the task with a 20mg dose of hydrocortisone reacted more aggressively
2

Since we found slightly positive associations between basal cortisol levels and wake-up time and AUC of the
cortisol awakening response (see section 3.1), we wanted to rule out that effects of basal cortisol levels on
aggressive behavior were caused by wake-up time. Therefore, we repeated the analysis with mean wake-up time
instead of basal cortisol levels. All main and interaction effects concerning wake-up time were not significant
(all F's < 1). So aggressive behavior was truly related to cortisol levels and not to this confounding factor.
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in Block 3 of the task than those participants treated with a placebo. Furthermore, the
participants in the cortisol group became more aggressive over the course of the task with a
significant increase from Block 1 and 2 to Block 3. In contrast to the hypothesis, the
difference between the cortisol and the placebo group were apparent in the high as well as the
low provocation group, i.e., the amount of provocation (low vs. high) did not moderate this
relationship. Even in the condition where the participants received constantly low levels of
provocation, aggression in Block 3 was higher for the cortisol compared to the placebo group.
So, irrespective of how the participants got treated by their opponents, the participants with
higher acute cortisol levels behaved more aggressively. When looking at the correlations of
acute cortisol levels and aggressive behavior in the placebo group, moderate positive
correlations were found. Correlations were especially strong and in most cases at least
marginally significant when only the high provocation group was analyzed. This further
underlines the importance of acute HPA axis activity in aggressive behavior. However, these
results are only based on a small subsample and have to be interpreted with caution.
Furthermore, the afternoon was chosen as time for the experiment to assure homogenous
groups with respect to endogenous cortisol levels. This makes it difficult to find associations
with other variables and might have contributed to the small correlations.
Recently, an integrative model of the neuronal, neurophysiological and psychological
underpinnings of impulsive aggressive behavior was proposed (Strüber et al., 2008).
Impulsive or reactive aggression is a form of aggression which is more uncontrolled and
typically accompanied by anger or fear and by high levels of arousal (van Goozen et al.,
2007) and may therefore be the type of aggression shown in the high provocation group
(Bettencourt et al., 2006). Within the model of Strüber et al., aggression is thought to result
from reduced impulse control. Normally, an active orbitofrontal cortex (OFC) and anterior
cingulate cortex (ACC) as well as an inactive amygdala contribute to the inhibition of
impulsive actions. But under certain situational aspects such as provocation, the inhibition
through these systems is reduced, leading to more aggression. Cortisol might modulate these
systems, lowering the inhibitory control of the OFC and ACC. This is supported by a
functional magnetic resonance imaging (fMRI) study, where aggressive patients with a
hyperreactivity of the HPA axis had a reduced activation of the OFC as well as a heightened
activity of the amygdala when viewing social threat signals (Coccaro et al., 2007).
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The effects of cortisol on frontal activity and a lowering of inhibitory control may be reflected
by changes in information processing (Erickson et al., 2003), specifically the attention to,
perception, and interpretation of social (threat-related) stimuli (Kruk et al., 2004). This may
lead to heightened aggressive behavior in threatening (high provocation) as well as neutral or
ambiguous situations (low provocation), because they are suddenly interpreted as hostile.
Indeed, highly aggressive children have problems with the recognition of facial expressions
(Fairchild et al., 2009) and interpret ambiguous signals as hostile (Dodge and Coie, 1987;
Crick and Dodge, 1996; Kempes et al., 2005). Support for the hypothesis that this effect is
mediated by cortisol comes from a recent study by Lopez-Duran and colleagues (2009), who
found a positive association between HPA axis reactivity and reactive aggression as measured
with a questionnaire. In addition to these correlative results, there is evidence that cortisol is
causally involved in changing the attention to and processing of threat-related social stimuli
(Putman et al., 2007; Roelofs et al., 2007). These results suggest that cortisol is necessary for
information processing changes to occur that may precede aggressive behavior. To relate
these considerations to our results, participants with elevated cortisol levels might have a
changed information processing in that high and even low levels of provocation are
interpreted as hostile and thus, reacted more aggressively.
Besides the interaction of treatment with Block of the Taylor Aggression Paradigm, treatment
also interacted significantly with gender. The predicted effect of males being more aggressive
than females was found in the placebo, but not in the cortisol group, where males and females
showed equal levels of aggressive behavior (see Figure 5 & 5). Through the acute
enhancement of cortisol levels, females showed more aggressive behavior than in the placebo
condition resulting in a comparable intensity of aggressive behavior to that of males. The
difference in the placebo group between males and females reflects the usual difference in
aggression levels (Bettencourt and Miller, 1996). This gender difference may arise from
differences in self-control mechanisms, with women having more self-control than men
(Knight et al., 2002), although other factors, such as more efficient emotion-regulation may
play a role, as well (Cappadocia et al., 2009). This difference between males and females is
reflected in the above mentioned model of Strüber et al. by males having less inhibitory
control over their impulsive actions and therefore higher levels of aggression in general,
although this prediction could not be tested in our study. Since inhibition is already low in
men, it is not further reduced by an acute activation of the HPA axis. But in women, high
levels of HPA axis activity seem to impede normally strong inhibitory processes, leading to
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less inhibition and to more aggressive behavior in females and therefore to equally high
aggressive behavior in both sexes. This is supported by a meta-analysis on arousal and gender
effects on aggression, where high levels of arousal lead to an abolishment of the gender
difference in aggression usually observed in less arousing situations (Knight et al., 2002).
With respect to gender, our results are not consistent with the studies by Verona and
colleagues reported in the introduction, who mostly found an enhancement of aggressive
behavior in males following a stressor, but not in females. There are several differences in the
design of their and our studies. First, stress in those studies was induced with a physical
stressor. The mechanism of such a stressor may be inherently different than that following a
pharmacological manipulation of cortisol itself and therefore may have different neuronal and
behavioral effects. Second, in the studies by Verona and colleagues, aggression was measured
directly following or even during the stress induction, whereas we measured aggression when
cortisol levels were probably already high for some time. We therefore speculate that the
effects of cortisol might have a different time-response curve for males and females, with
quicker effects for males that may already have passed before we began to measure
aggression.
Basal HPA axis activity was also related to aggressive behavior, but it had distinct and
additional effects from acute cortisol levels. Although there was no main effect of basal HPA
axis activity and no interaction of provocation group and basal HPA axis activity, gender was
an important moderator of the relationship of basal HPA axis activity and aggression. Only
female participants exhibited a negative relationship and the correlations got stronger over the
course of the task. Additionally, the negative correlations were found within the low and high
provocation group. This negative relationship between basal cortisol levels and aggressive
behavior fits well to previously reported results in females with clinical disorders. Pajer et al.
found lower basal cortisol levels in girls with conduct disorder as compared to normal
controls, especially for those girls with no other psychiatric problems (Pajer et al., 2001).
Furthermore, lower cortisol to DHEA ratios were found in girls, and who had conduct
disorder and at the same time exhibited increased aggressive behavior (Pajer et al., 2006). In
the males, however, the correlations in all groups were close to zero and in some cases even
positive. This is in contrast to many studies conducted with male child and adolescent clinical
samples that mostly showed a negative relationship. Our sample is unique as it explores the
relationship of basal HPA axis activity and aggression in healthy adults. Since it was shown
that the effects of basal HPA axis activity on aggression are age-dependent (Alink et al.,
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2008), it might explain why the relationship was not found in this sample. Also, the
relationship might be more visible in clinical samples, as some studies with subclinical or
community-based male samples also failed to find a negative association (Nickel et al., 2005;
van Bokhoven et al., 2005; Fairchild et al., 2008; Marsman et al., 2008).
As predicted, basal HPA axis activity interacted with cortisol group and with Block of the
Taylor Aggression Paradigm. Lower basal HPA axis activity was related to enhanced
aggressive behavior, but this negative relationship was only apparent in the placebo group and
was strongest in Block 3 of the task. So only when no acute activation of the HPA axis took
place did basal HPA axis activity have an effect on aggressive behavior. This was what we
expected, since Haller and colleagues (Haller et al., 2001) have shown in rats that while
chronically low basal corticosterone levels caused abnormal aggressive behavior, an acute
dose of corticosterone abolished this effect. We conclude that as the situation becomes
demanding, i.e., apparent high activity of the HPA axis, the acute biological activity has a
greater influence on behavior than more trait-like biological characteristics.
Our study has several strengths as it expands on other studies in the field. We used a validated
procedure to induce and measure aggression under controlled laboratory conditions and
acutely enhanced cortisol levels in a randomized sample. This made it possible to causally
interpret the effect of an acute enhancement of cortisol levels on aggressive behavior and
therefore extends on correlative evidence from previous studies. We assessed trait aspects of
basal HPA axis activity with multiple measures across days. It could be shown, that the
majority of variance in single measurements of baseline cortisol levels is caused by situational
factors and that many measurements have to be taken in order to assess trait-like
characteristics of the HPA axis (Hellhammer et al., 2007).
However, some limitations have to be addressed. First, we used a pharmacological agent to
manipulate the HPA axis. This made it possible to look at specific effects of cortisol.
However, cortisol only represents a part of the natural stress response (de Kloet et al., 2005),
making it difficult to generalize the results to physical or psychological stressors. Second, we
only included women who used oral contraceptives, so results can only be generalized to this
specific population. Third, although the sample size altogether was adequate, we could only
implement a between-subjects design due to the nature of the aggression provocation, leading
to relatively small numbers of subjects within each cell. Therefore, baseline differences
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between groups on various variables might have also contributed to the effects. The
correlations within subgroups were also based on only a relatively small number of subjects
and will have to be replicated by further studies. Fourth, the paradigm that was implemented
in the study did not make it possible to compare different subtypes of aggression and their
relation with HPA axis activity. This is relevant since studies have shown that the biological
basis for each aggression subtype is different in humans (for a review, see Nelson and
Trainor, 2007; Strüber et al., 2008). Future studies should therefore implement a paradigm
which allows for the measurement of different aggression subtypes and to use questionnaires
to validate the distinction. Fifth, we proposed in the discussion of gender differences that the
time course of cortisol effects may be different for males and females. In order to test this
hypothesis, it would be therefore good to vary the time between cortisol administration and
provocation in future studies. And finally, these results were uncovered using a laboratoryinduced provocation paradigm. Future studies should also be conducted in other settings, as
well, since different processes may be at play in the naturally occurring manifestation of
aggression.
We conclude that cortisol increased aggressive behavior in women, in both low and high
provoking settings. This led to about the same levels seen in male participants, probably by
impeding control processes that normally lead to a stronger regulation of such behavior in
females. To our knowledge, this is the first evidence of a causal role of stress-related
physiological activation in aggression in humans. Basal HPA axis activity seems to have an
effect on aggressive behavior only in females and may be especially important in situations
with no acute physiological activation. These results support the notion of a different
biological basis of aggression in males and females, at least within healthy adults.
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Chapter IV - Influence of aggression on information processing
4.0 Abstract
Aggression is a common behavior which has frequently been explained as involving changes
in higher level information processing patterns. Although researchers have started only
recently to investigate information processing in healthy individuals while engaged in
aggressive behavior, the impact of aggression on information processing beyond an
aggressive encounter remains unclear. In an ERP study, we investigated the processing of
facial expressions (happy, angry, fearful, and neutral) in an emotional Stroop task after
experimentally provoking aggressive behavior in healthy participants. Compared to a nonprovoked group, these individuals showed increased early (P2) and late (P3) positive
amplitudes for all facial expressions. For the P2 amplitude, the effect of provocation was
greatest for threat-related expressions. Beyond this, a bias for emotional expressions, i.e.,
slower reaction times to all emotional expressions, was found in provoked participants with a
high level of trait anger. These results indicate significant effects of aggression on information
processing, which last beyond the aggressive encounter even in healthy participants.
Keywords
Attentional bias, interference, threat, angry face, emotional expression, ERP

4.1 Introduction
Aggression is a common social behavior in both humans and animals. Not surprisingly,
aggression and violence are among the leading causes of death worldwide (e.g., more than 1.6
million lives in 2000) and exert enormous economic costs (Krug et al., 2002). Neuroscientific
research has mainly focused on pathologic aggression (e.g., Blair, 2004; Raine, 1989; Raine
& Venables, 1988). However, aggression is also common in psychologically and
neurologically healthy individuals. Aggression is necessary for human survival as it serves
important purposes of allowing an individual to compete effectively for limited resources and
to establish and maintain his/her position in society. The omnipresence of aggression and its
impact on our everyday lives highlights the importance of finding an explanation of its causes
and underlying mechanisms.
Information processing patterns at "higher levels" (e.g., scripts and schemata) have frequently
been proposed as a possible explanation for aggressive behavior (e.g., Anderson & Bushman,
2002; Bushman & Anderson, 2001; Dodge & Crick, 199; Huesmann, 1988). Even so,
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researchers have started to investigate the influence of aggression on basic information
processing operations in healthy individuals only in the last decade. These studies show
alterations in the cortical activity of healthy participants while they were engaged in a reactive
aggression paradigm (Krämer et al., 2007; 2008; Lotze et al., 2007). For instance, participants
with a high level of trait aggression displayed an enhanced early frontal negative event-related
potential (ERP) in trials with high provocation while deciding about punishing an opponent
(Krämer et al., 2008). A similar study with functional magnetic resonance imaging (fMRI)
(Krämer et al., 2007) revealed that, in this decision phase, the activity in the rostral and dorsal
parts of the anterior cingulate cortex and the anterior insula was greater in highly provocative
than less provocative trials. Activity in these brain areas has been associated with emotional
processing and this might reflect heightened emotional involvement of the participants under
high provocation. Furthermore, an increase in activity in the medial prefrontal cortex (mPFC)
has been reported during retaliation in a similar paradigm (Lotze et al., 2007). Enhanced
activity in the dorsal mPFC might represent a stronger need for conflict management and
response selection in the provoking situations. Increased activity in the ventral mPFC might
indicate affective processes, such as compassion with the opponent. Hence, these findings
show changes in the processing of information during an aggressive encounter in a laboratory
setting.
From a therapeutic point of view, it may be even more interesting to investigate why
aggressive behavior is often hard to stop and why it is easily transferred from one setting to
another. Thus, the aim of the current study is to discover possible alterations in
psychophysiological indicators of information processing after an aggressive encounter.
So far, this has only been addressed by a few behavioral studies, which have mainly focused
on the influence of trait anger on reaction times for responding to threat-related stimuli. These
studies have revealed that trait anger (Cohen et al., 1998; Eckhardt and Cohen, 1997; van
Honk et al., 2001a; 2001b), previous self-reported aggressive experience (Smith and
Waterman, 2004), and criminal convictions for violent offending (Smith and Waterman,
2003) predict an information processing bias for threat- or aggression-related material in
various cognitive tasks. Thus, individuals with a high level of trait anger, who have
experienced many incidences of aggression or violence seem to spend more attention on
threat- or aggression-related information than less angry, aggressive, or violent individuals.
This results in slower reactions to stimuli which are threat-related (emotional Stroop task) or
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surrounded by threat-related stimuli (visual search task) compared to neutral stimuli. In
addition, there is evidence that participants with a high level of trait anger, who are
experimentally induced to experience anger, process task irrelevant anger-related material in
an emotional Stroop task (Cohen et al., 1998) and a visual search task (Eckhardt and Cohen,
1997). Nevertheless, the underlying mechanisms of these changes in information processing
associated with anger and/or aggression remain unclear. Research has only investigated
differences in behavioral responses (i.e., reaction times) between individuals with high and
low levels of trait anger or self-reported aggression. However, impaired reaction times are
only an indirect measure of attention towards threat-related material or of an information
processing bias.
Recent neuroimaging studies have proposed the involvement of a neural network consisting
of the amygdala, the ventral anterior cingulate, and the ventral striatum in the processing of
facial signals of aggression (Beaver et al., 2008; Passamonti et al., 2008). In particular, the
ventral striatum and its associated dopaminergic system seem to play a specific role in the
recognition of angry facial expressions. Selectively impaired recognition of angry expressions
has been reported in patients with lesions in the ventral striatum (Calder et al., 2004) as well
as after the administration of the dopamine antagonist sulpiride to healthy participants
(Lawrence et al., 2002). Thus, biased responses for angry or threat-related material in
participants with high state and/or trait anger or aggression might steam from an increased
striatal activity.
In addition to functional neuroimaging, event-related potentials (ERP) studies might help to
shed light at attention-related cortical processes related to anger and aggression. Because of
their excellent temporal resolution, ERPs allow a finer, more sensitive and more direct
examination of differences in the time course and cortical resources of information processing
(Hillyard and Kutas, 1983). This is especially important, as numerous behavioral studies have
reported no differences in the reaction times of healthy participants towards threat-related and
neutral stimuli in cognitive tasks like the emotional Stroop task or the visual search task (for a
meta-analytic review see Bar-Haim, et al., 2007). However, even in the absence of behavioral
effects, significant differences could be found in the ERPs in some of the studies (Bar-Haim
et al., 2005; Bernat et al., 2001; Carretié et al., 2001a; Thomas et al., 2007; Weinstein, 1995).
For instance, Thomas et al. (2007) reported greater parietal positivities to threat-related
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compared to neutral words in an emotional Stroop task with healthy individuals. Although
there were no differences in the reaction times, increased P2 (150 to 210 ms) and P3 (340 to
600 ms) amplitudes indicate an enhanced processing of threat-related compared to neutral
words. Similar ERP responses have been found during the processing of emotional material
when pictures of facial expressions were used. These studies also found rapid effects (< 250
ms post-stimulus), indicating a very early preferential processing or categorization of
emotional - especially threat-related - facial expressions (Ashley et al., 2004; Bar-Haim et al.,
2005; Bediou et al., 2009; Eimer and Holmes, 2002; Williams et al., 2006), followed by an
alteration of later stages of ERP responses (Eimer and Holmes, 2002; Schupp et al., 2004;
Williams et al., 2006). Alterations in the P2 and P3 amplitudes are thus sensitive indicators
for early and later processing stages of emotional information. However, the levels of trait or
state anger or aggression were not measured in these studies.
In summary, research indicates strong influences of anger and/or aggression on information
processing. Trait anger and trait aggression are associated with reaction time biases towards
threat- and aggression-related stimuli. Furthermore, healthy individuals show altered
information processing while involved in aggressive behavior. However, the influence of
experimentally induced aggression on information processing beyond an aggressive encounter
and its underlying neural mechanisms has not been reported. Therefore, the present paper
reports on an ERP study that investigated this research question.
Like previous studies, our present ERP study used the emotional Stroop task (Williams et al.,
1996) to investigate information processing biases. This task requires the participant to
identify the color of an emotional word, picture, or facial expression as fast as possible while
ignoring its emotional content. An information processing bias (or interference) is inferred
when the color naming takes longer with a threat-related stimulus than with a neutral
stimulus. This has been frequently reported for clinically and subclinically anxious
individuals (e.g., Bar-Haim et al., 2007), but also for individuals with high levels of trait
anger (see above). Before performing an emotional Stroop task with happy, neutral, angry,
and fearful facial expressions, the participants took part in a competitive reaction time task.
This task was a modified Taylor Aggression Paradigm (TAP, Taylor, 1967), which was used
to induce aggression in half of our group of healthy participants.
We expected differences in the reaction times of the provoked and non-provoked participants
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in the emotional Stroop task. In particular, we hypothesized an information processing bias,
that is longer reaction times for angry and fearful facial expressions in the provoked
participants. Furthermore, we anticipated an increase in both early (P2) and late (P3) positive
amplitudes in the provoked participants compared to the non-provoked participants for angry
and fearful facial expressions.

4.2 Material and Methods
4.2.1 Participants
Twenty students of the University of Trier (10 female and 10 male, mean age = 23 years, SE =
0.60, range = 20-29 years) took part in the study. Exclusion criteria were left-handedness,
color blindness, psychiatric disorders, regular medication (besides contraceptives), or any
acute or chronic medical disease. The study was approved by the local ethics committee.
Participation was compensated with €30 (approximately US$40). The participants were
randomly assigned to either an experimental (provoked participants) or a control (nonprovoked participants) group, but sex was balanced across groups (five male and female
participants in each group).

4.2.2 Materials
The Taylor Aggression Paradigm. Aggression was elicited and assessed with a modified
version of the Taylor Aggression Paradigm (TAP, Taylor, 1967). The TAP has shown good
construct, external, discriminant, and convergent validity (Anderson et al., 1999; Bernstein et
al., 1987; Giancola and Chermack, 1998; Giancola and Zeichner, 1995).
The participants were led to believe that they were playing a competitive reaction time game
with another participant who they met before the experiment started. The TAP consisted of 30
trials, which were divided into three blocks of ten trials. The participants' task was to react as
fast as possible to a green square by pressing a key. They were told that whoever reacted
slower would receive a blast of aversive noise. Prior to each trial, the participants had to set
the volume and the duration of a noise for the opponent on two separate scales each ranging
from 0 to 10. Corresponding to the 11 levels, the duration could be varied between 0 (level 0)
and 5 seconds (level 10) in 0.5 second increments. The volume varied between 60 (level 1)
and 105 dB (level 10) in 5 dB increments. The level 0 on the volume scale corresponded to 0
dB. After each trial, the participants received feedback about the outcome of the trial, i.e.,
whether they won or lost, as well as about the opponent's settings. In fact, there was no
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opponent and the outcome of the trials was held constant for all participants - each of them
won and lost half of the trials. The experimenter also set in advance the "opponent's" volume
and duration settings according to the block and experimental condition of the participant.
During the first block, all participants received short and gentle noises when they lost a trial
(volume: M = 62.5 dB, range 0-70 dB; duration: M = .075 s, range 0-1.5 s). Participants of the
non-provoked group received noises of the same volume and duration during the second and
third block, as well. Participants of the provoked group were exposed to noises of
intermediate volume and duration in the second block (volume: M = 82.5 dB, range 75-90 dB;
duration: M = 2.75 s, range 2-3.5 s) and of high volume and duration in the third block
(volume: M = 99 dB, range 90-105 dB; duration: M = 4.4 s, range 3.5-5 s) when they lost a
trial. The volume and duration settings of the participants were recorded in each trial from 0
to 10. For each participant and each trial, an average of the volume and duration setting was
computed, except for those trials in which one of the settings was 0. In that case, the total
score was set to 0, since no noise would have been presented to the opponent and this trial
would not have constituted an aggressive act. Finally, the 10 trials which belonged to one
block of TAP were averaged for each participant. These values were then used as the
dependent variable of aggressive behavior in the statistical analysis.
The emotional Stroop task.

Stimuli were taken from Ekman and Matsumoto's Japanese and

Caucasian Facial Expressions of Emotion (JACFEE) and Japanese and Caucasian Neutral
Faces (JACNeuF) (Matsumoto and Ekman, 1988). We used pictures of four male and four
female faces, displaying happy, angry, fearful, and neutral expressions. Duplications of each
picture were colored in transparent red, blue, yellow, and green, resulting in 32 different
stimuli. In total, the emotional Stroop task consisted of eight practice trials and 256
experimental trials. Each trial comprised the presentation of a colored facial expression,
which was backwardly masked after 26.7 ms (2 frames at 75 Hz), since backward masking
after 25 to 30 ms has been reported to produce large effects in regard to anger (e.g., Putman et
al., 2004; van Honk et al., 2001a). The masks were individually constructed for each facial
expression and represented a distorted version of the picture, keeping hue and saturation
constant. The mask remained on the screen until the participant responded by orally naming
the color of the picture. The participants were instructed to respond as fast as possible, whilst
making as few errors as possible. The responses were recorded via microphone, and reaction
times (i.e., voice onset times) were measured for each trial. The voice onset times were
measured online with a microphone and serial voice response box (both provided by
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Psychology Software Tools, Inc.). Prior to each facial presentation, a fixation cross appeared
at the center of the screen for 1990 ms (the timing of a single trial is displayed in Figure 9).

Figure 9 Time line for a single trial of the emotional Stroop task.

All stimuli were presented in the center of the screen on a black background. The image sizes
were 5.55" x 5.20" and the vertical and horizontal visual angles were 0.28° and 0.26°,
respectively. The stimuli were presented in a pseudorandomized fashion, which allowed a
presentation of no more than three pictures of the same color or facial expression in a row.
The task was divided into two random blocks of 128 pictures by a 2 min break.
Trait measures. Trait anger was measured prior to the experiment with the subscale anger of
the Buss and Perry Aggression Questionnaire (BPAQ; Buss & Perry, 1992; German version:
Hewig et al., 2004). The BPAQ is a 29-item questionnaire, which consists of four subscales:
anger, physical aggression, verbal aggression, and hostility. The four subscales have shown
high internal and construct validity as well as high test-retest reliability (Buss and Perry,
1992; Harris, 1997). All items are scored using a 5-point Likert scale (1 = never or hardly
ever applies to me, and 5 = very often applies to me). Two items on the scale are reverse
scored. The BPAQ anger subscale is a good predictors for information processing biases in
the emotional Stroop task and other cognitive tasks (Smith and Waterman, 2003, 2005).
4.2.3 Procedure
All participants were tested individually. We invited them to a preliminary interview, at
which we checked for exclusion criteria and informed them about the aim of the study and the
experimental procedure. They were told that the study would concern the investigation of the
relationship between the steroid hormone cortisol, personality, and the perception of and
reaction to visual stimuli. After a description of the experiment, the EEG and salivary cortisol
measurement, written informed consent was obtained for all participants. Finally, the
participants also received a battery of personality questionnaires to fill out at home as well as
home sampling devices for salivary cortisol.
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The experimental procedure was kept constant for all participants. On arrival, the participant
was acquainted to another participant of the same sex, who was in fact a confederate of the
experimenter. The participant and the confederate both handed over the filled out
questionnaires and the salivary cortisol samples. The participants were then led to the EEG
laboratory, where they were comfortably seated in a dimly lit sound-attenuated room one
meter away from the 19" computer screen with a computer keyboard on a table in front of
them. After the EEG electrodes were applied, the participants were left alone in the room for
the remainder of the experiment and received all instructions via the computer screen. All
participants first played the Taylor Aggression Paradigm, which lasted for about ten minutes,
and then performed the emotional Stroop task for about 15 minutes. Before and after the TAP,
as well as after the emotional Stroop task, the participants gave salivary cortisol samples,
filled in a short mood questionnaire, and relaxed while the baseline resting EEG was
measured during a 2 min period. A forth salivary cortisol sample was collected shortly before
the participants left the laboratory. The results of these cortisol data are reported elsewhere
(Böhnke et al., in review). Finally, the participants were debriefed about the true aim of the
study as well as the TAP and the confederate. We thanked and compensated them for their
participation.
Stimulus presentation and response logging were controlled using E-Prime software (Version
1.1, Psychology Software Tools, Inc.) and a serial voice response box and microphone. The
experiment, including preparation and debriefing had a duration of 90 minutes.

4.2.4 EEG recording and quantification
The EEG was recorded from 32 electrode sites according to the 10-10 electrode reference
system (Chatrian et al., 1988) including the mastoids with the Easy-Cap electrode system
(Falk Minow Services). All sites were referenced to vertex (Cz). A bipolar horizontal
electrooculogram (EOG) was recorded from the epicanthus of each eye, and a bipolar vertical
EOG was recorded from supra- and infra-orbital positions of the left eye. The EEG and the
EOG were recorded with Ag/AgCl electrodes. Prior to the electrode placement, the electrode
sites on the participant's scalp and face were cleaned with alcohol and gently abraded. All
impedances of the EEG electrodes were below 5 kΩ. EEG and EOG were amplified with a
32-channel SynAmps Model 5083 amplifier (input impedance: 10 MΩ; Neuroscan, Inc.) in

79

Chapter IV - Influence of aggression on information processing
AC mode. The pass-band was set to 0.05- to 40-Hz (-12 dB/octave rolloff); the signals were
digitalized at 500 Hz and stored to hard disk for later analysis.
The EEG was re-referenced to linked mastoids. Artifacts due to eye movements were
corrected via the algorithm developed by Gratton, Coles, and Donchin (1983). Trials with
non-physiological artifacts were excluded from analysis via semiautomatic artifact rejection.
EEG and EOG were epoched off-line into 1400-ms periods, starting 200 ms prior to stimulus
onset and ending 1200 ms after stimulus onset. A baseline correction was performed using the
first 200 ms as a reference. Separate averages were computed for each electrode, individual,
and facial expression condition (happy, angry, fearful, and neutral).
Based on visual inspection of grand average ERPs, averaged across all participants and
emotional facial expressions and a point-by-point inspection of effect sizes (Strelzyk et al.,
submitted) performed on all channels and time-frames, the following two stimulus-locked
ERP components (peak amplitude relative to baseline) were identified and used for further
analysis: P2 (the first major positive wave occurring 160-200 ms post-stimulus) and P3 (300400 ms). The P2 and P3 waveforms had a centroparietal to parietal maximum. Therefore, we
used the following nine central to parietal positions for further analyses: C3, Cz, C4, CP3,
CPz, CP4, P3, Pz, and P4.

4.2.5 Statistical analyses
Aggressive behavior in the TAP. To check whether the induction of aggressive behavior in the
provoked group was successful, we performed a 2 × 3 analysis of variance (ANOVA)
including the factors provocation (provoked, non-provoked participants; between-subject) and
TAP block (block 1, block 2, block 3; repeated measure).

Behavioral data in the emotional Stroop task. Outliers (± 2 SD) and trials with incorrect
responses were individually rejected for each participant. We calculated the mean reaction
time for each of the four emotional facial expression conditions. Bias scores were computed
by subtracting the mean reaction time for neutral pictures from each of the three emotional
categories (e.g., the individual mean response latencies for angry faces minus the individual
mean response latencies for neutral faces) (e.g., van Honk et al., 2001a; Smith and Waterman,
2003; 2005). Note that positive bias scores are referred to as interference and negative scores
as facilitation. To examine differences in reaction times towards facial expressions, we
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submitted the mean correct responses to a 2 × 3-mixed-design ANOVA examining the factors
provocation (provoked, non-provoked participants; between-subject) and facial expression
conditions (happy, angry, fearful; within-subject).
Electrophysiological data in the emotional Stroop task. For the ERP average amplitudes, we
calculated separate 2 × 4 × 3 × 3-mixed-design ANOVAs including the factors provocation
(provoked participants, non-provoked participants; between-subject), facial expression
conditions (happy, angry, fearful, neutral; repeated measure), caudality (central,
centroparietal, parietal; repeated measures), and lateralization (left, middle, right; repeated
measures) for each component (P2, P3).

Additional analyses. As trait anger has been previously found to be associated with an
information processing bias (i.e., more interference) for threat-related stimuli (e.g., Eckhardt
and Cohen, 1997; van Honk et al., 2001a; Smith and Waterman, 2003; 2005), we recalculated
the statistical analyses for the behavioral and the electrophysiological data including the
continuous between-subject factor of trait anger. For the behavioral data, we performed a 2 ×
3-mixed-design ANOVA including the factors provocation (provoked participants, nonprovoked participants; between-subject), facial expression conditions (happy, angry, fearful;
repeated measure), and trait anger (continuous between subject). Prior to this analysis, the
mean trait anger scores were z-standardized (Aiken and West, 1991). For the
electrophysiological data, separate 2 × 4 × 3 × 3-mixed-design ANOVAs were calculated for
the P2 and P3 components including the factors provocation (provoked participants, nonprovoked participants; between-subject), facial expression conditions (happy, angry, fearful,
neutral; repeated measure), caudality (central, centroparietal, parietal; repeated measure),
lateralization (left, middle, right; repeated measure), and trait anger (continuous between
subject; again, the z-standardized mean trait anger values were used for this analysis; Aiken
and West, 1991).

For all ANOVAs, the degrees of freedom were Huyn-Feldt corrected if the assumption of
sphericity was violated (Huynh and Feldt, 1976). We calculated Hays' ω² (Hays, 1974) as an
effect size measure, with 1% considered a small effect, 5% considered a medium effect, and
14% considered a large effect (Cohen, 1988). A power analysis performed with GPOWER 2.0
(Buchner et al., 1996; Erdfelder et al., 1996) revealed a statistical power of 1-ß ≥ .90 for
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medium sized interaction effects of ω² = .05 for the ERP data. According to Cohen (Cohen,
1962, 1988; 1992), values of 1-ß ≥ .80 can be regarded as adequate statistical power for the
interpretation of non-significant effects.
In case of significant effects, we used Dunn's Multiple Comparison Tests as well as Pearson
product moment correlations as post hoc tests. All statistical analyses were conducted with
SPSS for Windows (Version 14.0, SPSS Inc.).

4.3 Results
4.3.1 Aggressive behavior in the TAP
The experimental manipulation of aggressive behavior was successful. The provoked group
showed generally more aggressive behavior (M = 3.3, SE = 0.4) than the non-provoked group
(M = 2.1, SE = 0.4), F(1,18) = 4.59, p = .046, ω² = .15. Aggressive behavior increased from
the first to the third block of the TAP, F(2,36) = 12.92, p = .001, ω² = .28. Post hoc tests
showed significant differences between block 1 (M = 2.1, SE = 0.3) and block 3 (M = 3.4, SE
= 0.4, p < .010) as well as between block 2 (M = 2.6, SE = 0.3) and block 3 (M = 3.4, SE =
0.4, p < .010) of the TAP. There was also a significant interaction between provocation and
TAP block, F(2,36) = 9.03, p = .003, ω² = .21. According to the post hoc test, aggressive
behavior increased only in the provoked group (p < .010), but not in the non-provoked group.
Moreover, the mean aggressive behavior of the groups differed in TAP block 2 (p < .050) and
block 3 (p < .010), but not in block 1, where no provocation took place. Means and standard
errors of each group and TAP block are presented in Figure 10.
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Figure 10 Mean aggressive behavior of the provoked and the non-provoked group in the three blocks
of the Taylor Aggression Paradigm.
Note. Mean aggressive behavior represents the average of the loudness and duration setting. Each
block consists of 10 trials (block 1: trial 1 to 10, block 2: trial 11 to 20, block 3: trial 21 to 30). The
error bars represent ± 1 standard error.

4.3.2 Behavioral data in the emotional Stroop task
The error rate in this task was 2.19 % (M = 5.6, SE = 0.8) and the provoked and non-provoked
participants did not differ in their error rates, t < 1.00, p > .050. The behavioral performance
in the emotional Stroop task of the provoked and non-provoked participants is summarized in
Table 3.
Analysis of the bias scores revealed a marginally significant main effect of provocation,
F(1,18) = 3.08, p = .096, ω² = .09, with provoked participants showing more interference (M
= 11.7, SE = 6.5) for all emotional expressions (i.e., they were slower to name the color of
emotional compared to neutral expressions) than the non-provoked participants (M = -4.4, SE
= 6.5). Beyond this, no further significant effects were found (all Fs < 1.0, ps > .050).
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Table 3 Reaction times and bias scores in the emotional Stroop task (means and standard
errors).
all participants (N = 20)

provoked participants (N = 10)

non-provoked participants (N= 10)

M

SE

M

SE

M

SE

RT neutral

527.9

12.8

526.8

23.7

529.1

11.5

RT happy

533.6

15.1

540.7

26.5

526.5

15.6

RT angry

530.8

15.6

537.4

27.6

524.1

15.8

RT fearful

530.4

14.5

537.5

26.6

523.3

13.1

bias happy

5.6

4.2

13.9

6.0

-2.6

6.0

bias angry

2.8

5.6

10.6

7.9

-4.9

7.9

bias fearful

2.5

5.4

10.7

7.6

-5.7

7.6

M = mean values (estimated marginals), SE = standard error. Note. Reaction time was measured in
units of ms. Bias scores represent difference values (mean reaction times for emotional minus neutral
expressions) in ms.

4.3.3 Electrophysiological data in the emotional Stroop task
Figure 11 shows grand average ERP responses to the facial expressions for the provoked and
the non-provoked participants, averaged over the four facial expression conditions for all
electrode positions. The general morphology of the waveform included a prominent, early
negative peak at 135 ms (N1), followed by a positive wave at 180 ms (P2), a second negative
wave at 250 ms (N2), and a final positive wave at 350 ms (P3). Descriptively large
differences between the provoked and non-provoked participants can be observed in the time
window of the P2 (160-220 ms) and P3 (300-400 ms) (see Figure 11).
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Figure 11 Grand average ERP waveforms for the provoked (--) and the non-provoked (–) group
averaged over the four facial expressions (happy, neutral, fearful, and angry) and difference maps
averaged over the four facial expressions (happy, neutral, fearful, and angry) for the time domains of
the P2 (160-200 ms) and P3 (300-400 ms).
Note. In the difference maps, dark grey indicates a greater positivity in the provoked than in the nonprovoked group and light grey refers to a greater positivity in the non-provoked compared to the
provoked group.

P2 (160-200 ms). The P2 amplitude was greater in the provoked than in the non-provoked
group, F(1,18) = 5.77, p = .027, ω² = .19. This main effect of provocation was qualified by a
significant interaction between provocation, caudality, and lateralization, F(3,72) = 2.93, p =
.031, ω² =.04. According to the post hoc tests, the group difference was greatest at P3 and Pz
(p < .010). Moreover, there was a significant interaction between provocation and facial
expression, F(3,54) = 3.78, p = .016, ω² = .09 (see Figure 12). The post hoc tests indicated
that the difference between the provoked and non-provoked participants was greatest for
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fearful and angry expressions (both ps < .001), although significant group differences were
also found for happy and neutral expressions (both ps < .010).
P3 (300-400 ms). We found a large main effect of provocation, F(1,18) = 4.70, p = .004, ω² =
.16, with a greater positivity in the provoked compared to the non-provoked participants. In
addition, there was a significant interaction between facial expression and lateralization,
F(6,108) = 2.82, p = .014, ω² = .04. Post hoc tests showed that the P3 amplitude was greater
for happy than for neutral expressions at all electrode positions (p < .05), and greater for
neutral than for angry expressions at right hemispheric electrode positions (C4, CP4, and P4;
p < .05).

Figure 12 Mean P2 and P3 amplitudes (μV) for the provoked and non-provoked participants at Pz
electrode site separately for the neutral, happy, angry, and fearful expressions.
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4.3.4 Additional analyses
As in previous studies a greater information processing bias (i.e., more interference) was
found in the emotional Stroop task for individuals with higher levels of trait anger, we
recalculated the repeated measure ANOVAs and included the continuous between-subject
factor of trait anger.
For the behavioral data, this analysis revealed a significant main effect of provocation,
F(1,18) = 7.10, p = .017, ω² = .23, a significant main effect of trait anger, F(1,18) = 5.06, p =
.039, ω² = .17, as well as a significant interaction between provocation and trait anger, F(1,18)
= 6.07, p = .025, ω² = .20. Again, the provoked participants showed more interference for all
emotional expressions than the non-provoked participants. Bivariate correlations revealed a
positive association between trait anger and the bias scores for all emotional expressions only
in the provoked group, .81 ≤ r ≤ .86, p ≤ .005. Thus, participants with a high level of trait
anger who were experimentally provoked showed more interference to all emotional
expressions (i.e., they were slower to name the color of emotional compared to neutral
expressions) than participants with lower levels of trait anger and non-provoked participants.
For the electrophysiological data, the additional analyses did not reveal any further effects.

4.4 Discussion
Changes in information processing have been discussed in the context of aggression and
higher level information-processing patterns (i.e., scripts or schemata), and have frequently
been used to explain the occurrence of aggressive behavior (Anderson and Bushman, 2002;
Dodge and Crick, 1990; Huesmann, 1988). There are also indications from recent ERP and
fMRI studies that, even in healthy individuals, information processing is changed while they
are involved in aggressive encounters (Krämer et al., 2008; Krämer et al., 2007; Lotze et al.,
2007). Moreover, anger, self-reported aggression, and violent convictions have been
associated with information processing biases for threat- and aggression-related material in
several behavioral studies (Cohen et al., 1998; Eckhardt and Cohen, 1997; Smith and
Waterman, 2003; 2004; van Honk et al., 2001a; 2001b). However, the influence of
experimentally induced aggression on information processing and its underlying neural
mechanisms has not been reported. Thus, in this ERP study, we measured reaction times as
well as ERPs during the presentation of facial expressions in an emotional Stroop task
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(Williams et al., 1996) after provoking aggressive behavior in half of our healthy participants
with the Taylor Aggression Paradigm (Taylor, 1967).
The provocation of aggressive behavior was successful. On average, the participants in the
provoked group set significantly louder and longer noises for their opponents when provoked
(TAP block 2 and 3) compared to the non-provoked group and compared to TAP block 1,
where no provocation took place. This experimental provocation of aggression led to a
changed processing of facial expressions in both early and later stages of information
processing, and on the behavioral level to more interference for emotional facial expressions.

4.4.1 Electrophysiological data in the emotional Stroop task
One aim of the study was to investigate differences in the ERPs directly after experimentally
induced aggression as indicators for the processing of facial expressions in the emotional
Stroop task. The principle advantage of ERPs is their excellent temporal resolution, which
allows for the direct examination of differences in information processing and its time course
(Hillyard and Kutas, 1983). The ERP results showed large differences between the provoked
and non-provoked participants in two positive ERP components: the P2 and P3. This large
main effect of provocation indicates that the experimental provocation had an impact on
information processing in early as well as later stages of information processing, partly
independent of the emotional content of the facial expressions.
First, the provoked participants showed an enhanced P2 amplitude compared to the nonprovoked participants at posterior electrode positions. This very early component has been
associated with bottom up or low level processing of information, such as stimulus
classification and categorization (Crowley and Colrain, 2004). In this time window, we also
found a significant interaction between provocation and facial expression condition, due to a
greater positivity for threat-related (angry and fearful) expressions in the provoked
participants. Similarly, Carretié et al. (2001b) reported a greater posterior P2 amplitude for
negative compared to neutral and positive emotional pictures. This was interpreted in terms of
a greater mobilization of attentional resources. Recently, Thomas et al. (2007) also found a
greater P2 amplitude for threat-related compared to neutral words in an emotional Stroop task.
Schapkin et al (2000) understand the underlying processes of enhanced centro-parietal P2
amplitudes for emotional relative to neutral stimuli as an early global affective evaluation,
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which appears to be critical for further approach or withdrawal behavior. According to studies
by Calder and colleagues (Beaver et al., 2008; Calder et al., 2004; Lawrence et al., 2002;
Passamonti et al., 2008), a neural network consisting of amydala, anterior cingulate, and
ventral striatum is involved in the processing of facial signals of aggression, i.e., angry facial
expressions. One might speculate that the induction of aggression in the present study might
have altered early global affective evaluation or categorization processes of all, and
particularly threat-related facial expressions, potentially involving an altered striatal activity.
However, this can only be resolved with studies using simultaneous measurements of EEG
and fMRI, a now evolving technique (see e.g., Debener et al., 2006).
Second, we found a greater P3 amplitude in the provoked compared to the non-provoked
participants. This component, which had a definite parietal localization, was independent of
the emotional content of the facial expressions. An enhanced P3 with a centroparietal
distribution has been previously found for less frequent, more salient and meaningful stimuli
(Johnson, 1993; Naumann et al., 1992b; Picton, 1992). Unlike preceding ERP studies, we did
not find a greater P3 amplitude for threat-related (Thomas et al., 2007) or emotional (Carretié
et al., 2001a; Herbert et al., 2006; Naumann et al., 1992a) compared to neutral stimuli.
Contrary to Thomas et al. (2007), we found significantly greater P3 amplitudes for neutral
than for angry expressions, at least at right hemispheric electrode sites. However, Thomas et
al. (2007) reported that P3 amplitude differences between threat and neutral words were
considerably smaller when word meaning was not relevant for the task performance. It should
be noted that there are several differences concerning the experimental design and material
between the study of Thomas at al. (2007) and the present study (i.e., the use of angry and
neutral words versus happy, angry, fearful, and neutral facial expression as well as a stimulus
presentation time of 200 ms versus 26.7 ms). In particular, the different presentation times
might at least partly account for the dissimilar results (see e.g., Kiss and Eimer, 2008).
Moreover, none of those earlier studies included an experimental induction of aggression
prior to the processing of emotional and neutral stimuli.
Recently, the P3 has been discussed with regard to the locus coeruleus norepinephrine (LCNE) system (Nieuwenhuis et al., 2005). According to this theory, motivationally significant
stimuli elicit a greater P3 amplitude due to a norepinephrine induced phasic enhancement of
neural responsivity in the neocortex (especially the temporal-parietal junction). This
enhancement is triggered by the outcome of task-relevant decision processes (e.g., stimulus
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categorization). It is supposed to optimize information processing by modulating postdecision response processes. According to Nieuwenhuis et al. (2005), the LC-NE system
might be a generator of the P3.
When provoked, all facial expressions are motivationally significant, because they might
contain important and life-saving information about the opponent. Thus, provocation affects
the processing of facial expressions at different levels. First, it alters early global affective
evaluation processes. At this early stage of information processing, all facial expressions and
particularly threat-related expressions are classified as motivationally significant (indicated by
increased P2 amplitudes). Following this, an enhancement in the phasic LC-NE activity to all
(motivationally significant) facial expressions results in an enhanced neural responsivity in
the neocortex (indicated by increased P3 amplitudes). As mentioned above, such an
interpretation has to be validated by joined fMRI and EEG measurements.

4.4.2 Behavioral data in the emotional Stroop task
Beyond the large group differences between provoked and non-provoked participants in the
positive components of the ERPs, we also found behavioral effects related to the experimental
induction of aggression. The provoked participants displayed more interference for all
emotional (happy, angry, and fearful) facial expressions (i.e., they were slower to name the
color of emotional compared to neutral facial expressions) than the non-provoked
participants. This was especially the case when trait anger was included as a continuous
between-subject factor. This additional analysis revealed positive correlations between trait
anger and the bias scores for all emotional expressions within the provoked group, indicating
slower reaction times in participants with high levels of trait anger after provocation.
This is partly in line with the results of previous behavioral studies, which found an
information processing bias for threat-related material associated with anger and aggression
(e.g., Eckhardt and Cohen, 1997; Cohen et al., 1998; van Honk et al., 2001a; 2001b; Smith
and Waterman, 2003; 2004b). However, the induction of aggression in the present study
resulted in a rather broad, less specific change of information processing and a processing
bias (i.e., more interference) for all emotional facial expressions. In contrast, the information
processing bias of participants with high levels of trait anger, self-reported experiences of
aggression, or violent incidences, which has been reported by other studies, was specific for
threat- or aggression-related material. So far, it remains unclear why induced aggression
90

Chapter IV - Influence of aggression on information processing
should lead to a broader change in information processing. One could speculate that all
emotional facial expressions gain relevance after being involved in an aggressive encounter.
Facial expressions inform us more rapidly than language about the state of mind of other
individuals and are, thus, biologically and socially salient stimuli in human nonverbal
communication (Le Doux, 1998). Even a laughing face might be provoking in such a
situation, as this person might be laughing at you. Moreover, the immediate and reliable
awareness about potential friends and enemies might be more important and even lifesaving
in the context of an acute aggressive encounter. This is supported by the ERP data of the
present study. An increase in the P2 and P3 amplitudes in the provoked participants indicate a
greater relevance and salience of all facial stimuli after an aggressive encounter independent
of the individual's level of trait anger. In other words, the induction of aggression seems to
produce a general gating effect of the neural response at the level of both early and later ERP
components. Only in participants with high levels of trait anger, the provocation also resulted
in behavioral differences, i.e. more interference for emotional expressions.

4.4.3 Limitations
Before strong conclusions can be drawn, two limitations of the present study should be noted.
First, we did not include a control condition with non-facial stimuli in the present study.
Hence, it remains unclear whether the changes in information processing due to aggression
are specific for facial expressions or are more general, going beyond (or not depending upon)
facial expressions.
Second, like previous studies using the emotional Stroop task (e.g., Putman et al., 2004, Smith
and Waterman, 2003; 2004, 2005; van Honk et al., 2001a; 2001b), we requested the
participants to orally name the color of the presented stimuli. This might have introduced
artifacts in the EEG. However, it should be noted, that the mean response latencies (around
530 ms) did not overlap with the time domains of investigated components (160-200 ms and
300-400 ms).
Third, we only found a marginally significant and emotion-unspecific effect of aggression in
the behavioral data. Greater behavioral effects were found, when trait anger was included as a
continuous between-subject factor. However, the study was not designed to investigate
interaction effects of trait anger. As the statistical power for the behavioral data is not
adequate to interpret non-significant effects, these behavioral results need to be replicated in a
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larger sample. Nevertheless, for the statistical analyses of the ERP data the statistical power
was sufficient to interpret non-significant interaction effects (see Method and Material
section). To overcome these limitations, a second study with more participants, which also
includes a non-facial control condition, is in preparation.

4.4.4 Conclusion
In summary, this study showed that experimentally induced aggression has a strong impact on
early as well as later stages of information processing. The ERPs revealed large differences
between provoked and non-provoked participants during the processing of facial expressions
in an emotional Stroop task, largely independent of the emotional content of the facial
expressions and the individual level of trait anger. Moreover, aggression led to slower
reaction times and therefore an information processing bias for emotional facial expressions,
especially in participants with a high level of trait anger. Together with the findings from
previous studies, our results demonstrate pronounced effects of aggression on information
processing during and after an aggressive encounter. It is intriguing that even a mild
provocation in a laboratory setting affects several stages of information processing and results
in behavioral differences even up to 15 min after the aggressive encounter took place. This
suggests profound effects from real-life conflicts and aggressive encounters on information
processing and consequent behavior.
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