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ABSTRACT

PTSD symptomatology is known to be associated with executive dysfunction. Inhibitory control is
a core component of executive functioning, and inhibitory skills are essential both for adequate
functioning in everyday life and important in situations following trauma. The aim of the present
study was to examine the relationship between trauma exposure, inhibitory control and PTSD
symptomatology in adolescent survivors of the terror attack at Uteya, Norway on the 22nd of July,
2011. In this cross-sectional case-control study, 20 trauma exposed adolescents and 20 healthy
controls matched in age and gender were compared on a neuropsychological test of cognitive
inhibition (Color-Word Interference Test) and a self-report measure of inhibition ability (BRIEF-A).
Our analyses revealed that the trauma exposed group differed significantly on the self-reported
measure of inhibitory control compared to the control group, but there were no differences
between groups on the objective measures of cognitive inhibition. Follow-up analyses with sub-
groups in the trauma exposed group based on PTSD symptomatology (PTSD +and PTSD-) and
the control group revealed that the PTSD- group showed significantly better results than both the
PTSD + and the control group on the measures of inhibitory control. Moreover, the follow-up anal-
yses showed that the PTSD + group showed significantly poorer results from the other two groups
on the measures of inhibitory control and self-reported inhibition. We conclude that impaired
inhibitory control, measured both objectively and by self-reported questionnaire, is related to
PTSD symptomatology. Findings suggest that inhibitory dysfunctions may be a vulnerability factor
for the development of PTSD symptomatology in trauma exposed adolescents, and thus it seems
that the ability to exhibit inhibitory control could be a possible resilience factor to prevent the
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development of PTSD symptoms.

On July 22", 2011, two major terror attacks were executed
in Norway by the same person. A bomb explosion in the
government district in central Oslo that killed eight people
and severely injured nine, was followed by a brutal massacre
at Utgya Island, killing 69 innocent people in total, 66 were
physically injured. These terror attacks represent the worst
violent acts committed in Norway during peacetime. The
terror attacks in Norway on this day left an entire nation in
fear and grief. In addition to those killed or physically
injured, many were affected as they fled for life, witnessed
the killings, lost their friends, were family members, volun-
teers, or rescue workers. At the time of the attack, the
Norwegian Labor Party’s youth organization hosted their
annual summer camp at Utgya. Five hundred-and-sixty-four

people were on the island when the perpetrator arrived,
most of them politically active adolescents and youth
(Dyb et al,, 2014). The perpetrator moved around the island
while shooting and killing everyone in sight, until the police
arrested him roughly 90 minutes later. Most survivors were
exposed to major psychological traumas through either dir-
ect shooting, witnessing the death of others, or through
other traumatic experiences and there are reasons to believe
that they still are affected by this tragedy (Glad et al., 2017)

Traumatic events and trauma symptomology

Over the lifetime, 70% of people are exposed to a traumatic
experience (Iyadurai et al, 2019), such as accidents, terror,
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climate catastrophes, sexual violation or other situations that
threaten one’s own life or that of others (Costanzi et al., 2021).
Such emotionally negative events wield the power to pay fre-
quent and unwanted revisits to the experiencer’s awareness
(Herz et al, 2020). These intrusive memories i.e., involuntary,
reiterating thoughts, are defined as a core symptom of post-
traumatic stress disorder (PTSD) (American Psychiatric
Association, 2013). American Psychiatric Association (2013)
other common symptoms are a generally lowered mood, defi-
cient memory and concentration, lower sleep quality and self-
destructive behavior (American Psychiatric Association, 2013).

However, not everyone who experiences a traumatic
event will suffer from long-term post-traumatic stress symp-
toms (PTSS) or develop PTSD. Although most trauma survi-
vors will suffer from intrusions, these tend to decline over
the course of the first few months (Dougall et al, 1999;
Ehlers, 2010). The high diversity in responses to trauma
implies great individual differences in how people deal with
dreadful memories in the aftermath of the traumatic event.
Recent research considers inhibitory control as a main factor
involved in the development of PTSD symptomology due to
its importance in suppressing unwanted thoughts (Costanzi
et al,, 2021).

Inhibitory control

Inhibitory control is one of the core human executive func-
tions (EFs) which further include planning, working mem-
ory, behavioral inhibition, cognitive flexibility, and problem
solving (Li et al., 2019; Nyvold et al,, 2022). Common exam-
ples of employing inhibitory control are stopping automatic
or unwanted thoughts and actions as well as blocking out
distracting information in line with internal goals (Kelder
et al, 2018). Inhibitory control is therefore considered to
constitute an important factor in protecting mental health
by suppressing distressing thoughts or memories which may
otherwise reach conscious awareness (Anderson & Levy,
2009; Gagnepain et al., 2014; Mary et al., 2020).

Inhibitory control is commonly subdivided into its func-
tional concepts of response (or motor) control and cognitive
inhibition (Nigg, 2017). While the latter one is usually
referred to one’s ability of exerting control over thoughts
and emotions as well as deliberate direct attention, response
control is mostly used in the context of stopping the execu-
tion of an automatic motor response or behavior. This div-
ision contributes to the specific conceptualization of
experimentally task related (e.g., Think/No Think vs Stop
Signal task) or real-life situational requirements (e.g. stop-
ping the reflex to catch a falling knife vs suppressing the
hurtful memory of a prior argument). However, recent
research has suggested the domain-general nature of inhibi-
tory control (Apsvalka et al, 2022; Depue et al, 2016).
These lines of research show not only that both response
and cognitive inhibition are highly correlated in behavioral
performance but also share same areas in the prefrontal cor-
tex exhibiting domain general neural activity accounting for
both response and thought inhibition (Apsvalka et al,
2022).

Yet, it still is up for future research to discover if this
suggested domain-general nature holds especially for groups
of patients suffering symptoms defined by specific inhibitory
control deficits as for example evident in PTSD patients
experiencing intrusions (i.e., control over thoughts).

Assessment of inhibitory control

Inhibitory control can be assessed with different neuro-
psychological test batteries and instruments. Among the
most extensively applied paradigms is the so-called Stroop
task (Nyvold et al., 2022; Stroop, 1935). The Stroop task fol-
lows a simple logic of causing cognitive interference by pre-
senting colored words while the semantics of the word
partly do not match its color (e.g., “red” written in blue).
Since the participant is asked to state as fast as possible the
word’s actual color, the automatic response of reading out
the word must be inhibited. Thus, it is referred to as the
“Stroop effect”, which occurs when the current processing of
a target stimulus feature (ie., the word’s colouring) inter-
feres with the simultaneous processing of another attribute
of the stimulus (i.e., the word’s meaning).

A more subjective approach to assess inhibitory control
capacity is to ask for an individual’s self-perceived skills to
for instance inhibit, resist, or not act on an impulse. Former
research has not found correlations between subjective and
objective measurements (Ott et al, 2016; Schmid &
Hammar, 2021; Svendsen et al., 2012), which was suggested
to be an issue of ecological validity. Laboratory tasks to
assess inhibitory control might thus not always reflect the
individually experienced deficiencies which become imma-
nent in daily life (Toplak et al., 2013).

PTSD and inhibitory control

The association between impaired inhibitory control and
PTSD has been shown both in the behavioral (e.g., motor
control tasks) and cognitive domain (Rooij & Jovanovic,
2019). Commonly, trauma survivors try to employ a variety
of avoidance strategies to prevent trauma related thoughts
from reaching awareness when confronted with a potential
retrieval cue triggering mnemonic reexperience (Catarino
et al.,, 2015). Inhibitory control has therefore been suggested
a critical component of PTSD development since the sup-
pression of intrusions seems to largely depend on the suc-
cessful recruitment of inhibitory control resources (Costanzi
et al., 2021; Hulbert & Anderson, 2018). Two recent meta-
analyses reported medium large overall effect sizes of
impairments in trauma exposed children and adolescents
compared to healthy controls for executive functions in gen-
eral and inhibitory control in particular (Kelder et al., 2018;
Nyvold et al.,, 2022). It is noteworthy that Nyvold and col-
leagues’ meta-analysis states that trauma-exposed children
without trauma-related symptoms exhibited significantly bet-
ter executive functions compared to the trauma-exposed
group with PTSD. This finding implies that differences in
executive functioning could constitute a susceptibility factor
underlying the development of PTSD. However, it is



important to note that in children and adolescents the brain
areas mainly underlying inhibitory control capacities (i.e.,
the prefrontal cortex) are not yet fully matured (Ordaz
et al, 2013). Studies investigating trauma-related symptoms
and inhibitory control in specifically younger samples may
thus be limited in their generalizability.

Inhibitory control and memory suppression

Inhibitory control might determine how successfully an
individual suppresses unwanted thoughts (Anderson &
Green, 2001). Difficulties in suppressing unwanted memories
tested with a retrieval inhibition task and self-reported
thought control have been previously associated with PTSD
(Catarino et al., 2015; Kupper et al., 2014).

Stopping an unwanted memory from unfolding when
triggered by an external cue is defined as retrieval suppres-
sion and leads to suppression induced forgetting which
describes the lowered accessibility of a frequently success-
fully suppressed memory (Anderson & Hanslmayr, 2014).
The capacity of retrieval suppression and subsequent adap-
tive forgetting processes have been widely connected to
inhibitory control (Catarino et al., 2015; Gagnepain et al,,
2014; Kipper et al, 2014). Findings also indicate a strong
correlation between suppression induced forgetting and an
individual’s self-perceived thought control ability (Kipper
et al., 2014). Therefore, adaptive forgetting could be one
underlying mechanism explaining the suggested relationship
of inhibitory control and PTSD symptomology.

Nevertheless, not all studies managed to find an associ-
ation between PTSD and inhibitory control. As Melinder
et al. (2015) report, a decreased ability to shift between tasks
and avoidance symptoms in PTSD patients were correlated,
but no association with inhibitory control was found.
However, the authors further state that the test battery
employed would solely account for behavioral but not the
cognitive part of inhibitory control (Melinder et al., 2015),
which could explain the lack of correlation. Accordingly, the
employment of both the Stroop task and the self-rating
(BRIEF) in the current study may be more suited to meas-
ure general inhibitory control and its potential sub-domains.

In summary, a large body of literature reports a link
between impaired inhibitory control and PTSD symptoms,
while trauma exposure without the development of trauma
related symptoms seems not to be associated with inhibitory
control deficits. One core question in trauma research is
why some individuals seem to cope better with traumatic
events while others are haunted by intrusions, developing
debilitating symptoms. Could inhibitory control contribute
to an individual’s lowered susceptibility to develop trauma
related symptoms?

Inhibitory control as a resilience factor?

The prepotent link between inhibitory control and PTSD
raises the possibility that inhibitory control constitutes a
protective factor for mental health of trauma survivors (i.e.,
after trauma exposure) as well as a possible predisposing
resilience factor preventing the development of none or less
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trauma related symptoms in the aftermath of a traumatic
event (Bryant, 2019; Mary et al, 2020). In line with this,
Mary’s and colleagues’ study (2020) showed that trauma
exposed, symptom-free individuals exhibited successful
inhibition of intrusive thoughts compared to trauma survi-
vors diagnosed with PTSD. Further, the strong correlation
found between self-reported thought control ability and sup-
pression induced forgetting (Kiipper et al, 2014) indicates
that the ability to control unwanted thoughts is beneficial to
forgetting undesired memories in the long-term. This may
imply that inhibitory control directly impacts the ability to
eliminate disturbing memories. Contemporary neuroscience
models suggest adaptive forgetting to be an active cognitive
modulation which helps to shape one’s individual memory
landscape (Anderson & Huddleston, 2011). In line with this
notion, studies report that healthy controls with better
engagement (e.g., inhibitory control) of their memory con-
trol system experience fewer intrusions after having been
exposed to emotionally negative film scenes (Streb et al,
2016). Accordingly, adaptive forgetting follows the suppres-
sion of undesired thoughts which seems to largely depend
on an individual’s inhibitory control. Successfully exerting
inhibitory control over intrusive memories could therefore
be a resilience factor for managing core symptoms of PTSD.

Avoidance strategies

Theories of PTSD usually consider memory avoidance via
thought suppression to promote the persistence of intrusions
and is therefore considered unfavorable for patients suffer-
ing from PTSD (Bishop et al., 2018; Ehlers & Clark, 2000;
Magee et al., 2012). However, if suppression via inhibitory
control is successfully employed, this avoidance strategy may
indeed contribute to better mental health through dimin-
ished intrusions (Anderson & Green, 2001; Benoit &
Anderson, 2012; Gagnepain et al.,, 2014). Counteracting the
core symptom of experiencing intrusions, inhibitory control
would thus function as a protective factor of successful
symptom management.

As suggested by Catarino et al. (2015) it seems important
to furthermore differentiate between forms of psychological
avoidance, i.e., suppressing the memory or suppressing pos-
sible reminders. While the latter likely restricts the individual
freedom in daily life and deprives one of the possibilities to
effectively remodulate the trauma memory, successful inhib-
ition via retrieval suppression has shown positive outcomes
on adaptive forgetting (Anderson & Levy, 2009; Lin et al,
2021) and mental health in trauma survivors (Nerby, 2018).

A predisposing resilience factor?

These formerly mentioned findings indicate that individual
inhibitory control render some individuals more and others
less susceptible to suffer from PTSD symptoms in the after-
math of a traumatic event. Research on healthy individuals
points toward inhibitory control as a preexisting resilience
factor. Those with higher inhibitory control seem to
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experience less intrusions after a trauma analogue induction
(Benoit & Anderson, 2012; Gagnepain et al., 2014).

Hulbert and Anderson (2018) suggest however that a bet-
ter inhibitory control capacity could also be an acquired skill
following trauma. This claim is based on two studies with
healthy college students, dividing the sample into groups of
high or low/no traumatic life experiences. Evidently, the
group having experienced more prior traumatic events
showed better overall inhibitory control and specifically
memory suppression capacity than the matched controls
with less or no trauma experience (Hulbert & Anderson,
2018). These findings indicate trainability of memory inhib-
ition which could have remarkable implications for clinical
applications. It does nevertheless not exclude that strong
preexisting inhibitory control could still render individuals
less susceptible to develop PTSD.

Inhibitory control as a risk factor?

On the opposite, poor inhibitory control leading to failed
suppression attempts of unwanted memories and less adap-
tive forgetting processes appears to have detrimental effects
on individuals’ mental well-being (Gagnepain et al., 2014;
Legrand et al, 2020). In line with this notion individuals
who exhibit deficient inhibitory control in a retrieval sup-
pression task are more prone to suffer from persisting PTSD
symptoms compared to those who recover following trauma
(Catarino et al., 2015). The study of Streb et al. (2016) found
that people with lower retrieval suppression ability also
reported higher distress for intrusive memories in the after-
math of watching a trauma-analogue movie, suggesitng they
lacked the inhibitory control to suppress intrusive memories
in the first place.

Together, these findings indicate that while stronger
inhibitory control could function as a resilience factor, defi-
cient inhibition is likely a risk factor for developing trauma-
related symptoms. Since weaker inhibition would lead more
likely to the persistence of intrusions, less successful mem-
ory suppression would as well result in lowered adaptive for-
getting processes (Hulbert & Anderson, 2018; Mary et al.,
2020). Since mental images or other sensory triggers of the
trauma memory are reactively revisited without succeeding
to push them away, failing inhibitory control attempts could
actively undermine trauma survivors’ mental health.

The main aim of the present study

The current study aims to contribute to the ongoing discus-
sion of whether inhibitory control constitutes a possible risk
and/or resilience factor for the development of trauma
related symptoms and PTSD within the context of real-life
trauma exposure.

Research questions

If inhibitory control is a resilience factor, we expect to find
higher subjective and objective scores in individuals who
had been exposed to the Uteya attack, without developing

PTSD symptoms, compared to both adolescents who devel-
oped PTSD symptoms as well as to healthy controls. The
control group is considered to reflect the matching popula-
tion which would therefore offer a “baseline” for inhibitory
control scores while including most likely both individuals
with norm deviant high and low scores, averaging out the
extremes. Therefore, the “resilient” trauma survivors without
PTSD symptomatology would be expected to exhibit
increased inhibitory control compared to baseline. We
hypothesize that if inhibitory control is a resilience factor,
this capacity will be measured higher for trauma-exposed
individuals without symptoms (PTSD-) compared to both
baseline (control group) and trauma-exposed individuals
with symptoms (PTSD+).

Further, following previous literature which is suggesting
deficient inhibitory control to be a risk factor for the devel-
opment of PTSD, we hypothesize that individuals that devel-
oped symptoms (PTSD+) would show lower inhibitory
control compared to both control group and symptom free
trauma survivors (PTSD-).

In order to assess inhibitory control, we chose to apply
both an objective measure based on the Stroop paradigm
and a subjective measure based on a self-reported
questionnaire.

Methods
Participants

The sample consisted of 20 survivors of the Uteya terror
attack and 20 control participants. Participants in the two
groups were matched by age, gender, and level of education.
There was a total of 14 males and 26 females in the sample.
They were between the ages of 17-24, with a total mean age
of 1998 (SD=1.51; Males: M =20, SD=1.88; Females:
M =19.96, SD=1.31). All participants were either employed
or in education.

The trauma exposed group

Written invitations were sent out to 45 Uteya survivors
between the ages of 16-25 in two Norwegian counties
(Hordaland and Rogaland). The ethical approval was valid
for these two counties only. Invitations were sent through
the Resource center for Violence, Traumatic Stress and
Suicide prevention region West (RVTS West) and contained
information about the study and the tests. Participants who
were interested answered by returning a signed consent
form. Participants were excluded if they had a history of
endocrinological, psychiatric or neurologic illness prior to
the Utoya attack, previous experience of head trauma lead-
ing to unconsciousness longer than 10minutes, substance
abuse, or current pregnancy. Travel expenses related to
participation were covered and all subjects received an hon-
orarium of 500 NOK.

After receiving an invitation, 29 of the 45 survivors
handed in the consent form, resulting in a response rate of
64%. In addition to the 29 potential participants, two Uteya
survivors learned about the study through the media and



contacted the research team directly with requests to partici-
pate. Phone interviews of the 31 potential participants were
carried out to ensure that the inclusion criteria were met
(Utgya survivors of both genders, aged between 16-25).

The interviews led to exclusion of four survivors who
were difficult to contact, or who did not meet the age inclu-
sion criteria, whereas seven individuals did not turn up to
the neuropsychological testing (seven males and four
females). None of the remaining participants withdrew dur-
ing testing.

The control group

The control sample was an age-, gender- and education-
matched group consisting of politically active youths from
other political youth organizations. Several approaches were
used to recruit control subjects successively as participants
from the trauma exposed group were included. Control par-
ticipants were meticulously paired on an individual basis
with the Uteya sample, first ensuring congruence in terms
of age and gender, followed by aligning their educational
attainment levels. Leaders of political youth organizations in
Hordaland County were contacted for permission to visit
the political party meetings and hand out invitations to par-
ticipate in the study. After recruiting some participants, they
took initiative of collecting contact information from other
interested youths. In addition, adolescents known to be pol-
itically active were contacted directly and invited to partici-
pate. Prior to participation, all interested subjects were given
information handouts describing the main purpose of the
study along with consent forms for participation. Inclusion
criteria were being aged between 16-25 years, being a mem-
ber of a political party, and not involved in the Utgya mas-
sacre themselves or acquainted with any of the victims or
survivors. Exclusion criteria were none psychiatric illness or
diagnose, endocrine or neurological illness or substance
dependence as determined by a short interview.

In addition to the exclusion criteria mentioned above,
control subjects with ongoing or previous history of psychi-
atric  illness (assessed through Mini International
Neuropsychiatric Interview [MINI]; Sheehan et al., 2010)
were screened out as this would affect the results. Fifty-one
control subjects were recruited, whereof eight were immedi-
ately excluded based on their age. During the testing, further
twenty-three participants were excluded from the data, due
to psychiatric symptoms reported in the neuropsychiatric
interview, ongoing substance abuse, or different inconven-
iences such as technical failure in a computer program.

Procedures

The data for this study was collected between 21 and
33months after the terror attack. The participants in the
trauma exposed group were a part of an extensive research
project on long-term outcomes of the Norwegian terror
attack. All the participants in the control group were
included within the~same time frame as the trauma
exposed group. The investigation comprehends in this order
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of an fMRI scan (one hour duration) with a diurnal saliva
cortisol sampling (pre-post test); a neuropsychiatric inter-
view, placement of an actigraphy wearable, and neuro-
psychological tests. The current study concerns a subset of
the neuropsychological assessments.

Diagnostic evaluation and procedure

Mini international neuropsychiatric interview (MINI)
Qualified health professionals administered the Norwegian
version of MINI (MINI, 6.0.0;Sheehan et al., 2010) to all
participants. MINI is a structured interview that detects psy-
chiatric diagnoses according to diagnostic manuals (ICD-10
and DSM-IV). It is known to be applicable, with good
results on measures of validity and reliability (Sheehan et al,,
1998). MINI explores both ongoing and previous disorder
based on criterion symptoms, as it differentiates between
current symptoms and symptoms from an earlier time.
When questions are answered confirmatory, follow-up ques-
tions determine the presence of sufficient symptoms to fulfill
diagnostic criteria. The 27 MINI diagnoses assessed in the
present study were clustered into six categories: eating dis-
order, abuse/addiction, mania, depression, anxiety, and sui-
cidality. In addition, occurrence of clinical and subclinical
posttraumatic stress disorder was examined to detect those
who confirmed symptoms of PTSD but who did not fulfill
the whole diagnostic criteria (post-traumatic stress symp-
toms, PTSS).

Subgroups in the exposed trauma group

The trauma exposed group was subdivided based on pres-
ence (+) or absence (-) of posttraumatic stress symptoms
(PTSD+/-). The PTSD +group (n=13) included partici-
pants who qualified for a PTSD diagnosis (n=6) or
reported a subclinical level of PTSD symptoms according to
MINI, while the PTSD- group (n=7) comprised those with-
out reported symptoms.

Following Mary and colleagues’ procedure who did relat-
able research on survivors of the Paris terror attack in 2015
(Mary et al., 2020), we grouped trauma-exposed individuals
with subthreshold PTSD (PTSS), (n=7) and fully diagnosed
PTSD (n=6) into the PTSD + group. Subthreshold PTSD
was defined by the occurrence of subclinical posttraumatic
stress symptoms (Korte et al, 2016; Mishra et al., 2010)
while not fulfilling the full diagnostic criteria for PTSD. If
participants answered the MINI item H6 with “No” but
three or more times “Yes” on H4 and H5, several subthres-
hold symptoms of PTSD were indicated to be present with-
out fulfilling the diagnosis of full PTSD, i.e., subclinical level
of PTSD. If participants answered H3 with “No” they
were categorized into the PTSD- group, indicating no sub-
clinically relevant symptoms.

The manifestation of PTSD symptomology even in its
subclinical form has shown to be correlated with critical
impairments in individuals’ daily psychological and social
functioning (Zlotnick et al., 2002). Thus, subclinical PTSD is
likely to bear important clinical implications (Mota et al,
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2016), specifically considering the experience of intrusions
(Pietrzak et al., 2012).

Neuropsychological assessment

The participants underwent a comprehensive neuropsycho-
logical assessment. The test battery included measures of IQ
and other standardized and experimental tests and adminis-
trated by a trained test technician. In addition, self-report
tests were employed. All testing was performed during regu-
lar working hours, administered in the same sequence to all
participants, and took approximately four hours to complete.
All applied assessments were employed in Norwegian lan-
guage. The present study includes the objective and subject-
ive tests measuring inhibitory control (see Figure 1).

Wechsler abbreviated scale of intelligence (WASI)

WASI is a short test that estimates verbal 1Q, performance
IQ and full scale IQ (Ryan et al, 2003). The WASI,
Norwegian version (copyright Pearson assessment, 2007)
generates a general intellectual function based on two subt-
ests of verbal abilities and two subtests of performance. It is
known to have sufficient internal consistency and test-retest
reliability for the three IQs (Axelrod, 2002; Siqveland et al.,
2014).

Measurements of inhibition and EF

Two measurements of inhibition were carried out: One
objective measure as a standardized test from the Delis-
Kaplan Executive Function System (D-KEFS; Delis et al,
2001) administered by a trained technician, and one subject-
ive measure, the self-reported form The Behavior Rating
Inventory of Executive Function-Adult version (BRIEF-A).

D-KEFS color-word interference test (CWIT)

D-KEFS CWIT is based on the Stroop (1935) procedure.
The test consists of four conditions: color naming (C), word
reading (W), inhibition (CW), and inhibition/switching (IS),
the Inhibition (CW) and Inhibition/switching (IS) measur-
ing inhibitory control and inhibitory control/mental flexibil-
ity (Delis et al., 2001). Response time and number of errors

and corrected errors were recorded for each condition. In
order to control for the effect of processing speed on the
inhibition and inhibition/switching conditions, interference
scores were calculated, to subtract the response time in the
C and W conditions from the response time on the CW
and IS conditions as potential performance on these varia-
bles could distort the interpretation of results on the CW
and IS conditions (for instance IS_score/CW_score =
(C+W)/2))-CW/IS). This calculation derived two contrast
scores; Interference CW and Interference IS, which are used
in the main analyses. Norwegian translation was used
(Harcourt Assessment, 2005).

BRIEF-a

The BRIEF-A is a standardized measure that assess percep-
tion of behavioral and emotional manifestations of execu-
tive dysfunction in everyday life for adults aged 18 to
90 years, which consists of a self-reported rating form.
Although one participant in the control group was 17 years
and 10months at inclusion, the participant was assessed
with BRIEF-A and included in the analysis. It is based on
the original BRIEF and contains 75 items reflecting behav-
iors to be rated as often a problem (score 3), sometimes a
problem (score 2), or never a problem (score 1) in every-
day life during the last months in nine clinical scales and
three validity scales. Higher scores reflect greater self-
reported impairment in EF (Gioia et al., 2000). Norwegian
version was administered (Nicholas & Solbakk, 2006). Only
results from the inhibition subscale (BRIEF inhibition) will
be used in the analyses.

Statistical analyses

All statistical analyses were conducted using the IBM SPSS,
version 28. Statistical significance was defined as p < .05 for
all results. All data are expressed as mean + standard devi-
ation (SD).

Preliminary analyses

The trauma exposed group and the control group were
matched on the variables gender, age, and education.
Independent t-tests were subsequently conducted to ensure
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Figure 1. PTSD + labels the subgroup of trauma-exposed individuals who developed post-traumatic stress symptoms in the aftermath of the Utgya terror attack.
PTSD- labels the subgroup of trauma-exposed individuals who did not developed post-traumatic stress symptom. The idea for the figure’s design is partly inspired

by Mary et al. (2020).



that the matching on age and education level had been suc-
cessful in eliminating differences between the groups. To
further assure that the groups were sufficiently similar
before conducting analyses, we compared the trauma
exposed group and the control group on WASI total intelli-
gence quotient (IQ). The same analysis was applied to
inspect demographic variables and IQ in the two subgroups
(PTSD +and PTSD-) of the trauma exposed participants.

Main analyses

Preliminary assumption testing for MANOVA was con-
ducted by assessing for univariate and multivariate outliers,
linearity, homogeneity of variance, covariance matrices, and
multicollinearity. No serious violations were noted when
testing the preliminary assumptions to execute univariate
and multivariate analysis of variance.

MANOVA

One-way between groups MANOVAs were performed to
investigate inhibitory control between the control group
(baseline) and the trauma exposed group. The two groups
were used as levels of the independent variable “group”, and
the results on the tests CWIT and BRIEF inhibition were
used as dependent variables. For the CWIT, an interference
score for inhibition (CW) and inhibition/switching (IS), for
each participant was calculated by subtracting the score in
the color naming and word reading conditions from the
score in the inhibition and the inhibition/switching condi-
tions: Inhibition (CW-((C+ W)/2), Inhibition/switching
(IS-((C+W)/2).

The follow-up MANOVAs with post-hoc testing, using
LSD significance difference were applied to investigate the
original trauma exposed group divided into different sub-
groups based on PTSD symptom criteria and the control
group (PTSD+, PTSD-) and control group (CG)), and with
regard to PTSD symptomatology we divided the
PTSD + group into subclinical PTSD (PTSS) and clinical
PTSD (PTSD). Group was used as the independent variable,
and the response on Interference CW and Interference IS
and the BRIEF inhibition as the dependent variables.

Correlation analysis

Since the raw data scores were normally distributed, a
Pearson correlation was carried out on the interference vari-
ables CW and IS of the CWIT, and the BRIEF inhibition in
order to investigate the linear relationship between objective
and subjective inhibition scores.

Logistic regression analysis

Direct logistic regression was performed to assess the impact
of inhibition and inhibition-switching performance on the
probability to distinguish between trauma exposed adoles-
cents who had PTSD symptoms (PTSD+) from those with-
out symptoms (PTSD-).
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Results
Descriptive analyses

Results of the t-tests revealed that there were no significant
differences between the trauma exposed group and the con-
trol group (see Table 1) or the subgroups in the exposed
group based on PTSD status (see Table 2) on the variables
age, and WASI IQ. The PTSD- group had significantly
higher years of education compared to the PTSD 4 with
approximately one year in mean difference.

Main analyses

A one-way between groups MANOVA was carried out,
using group membership (i.e., trauma exposed, control) as
the independent variable and interference score of inhibition
(Interference CW), interference score of inhibition-switching
(Interference IS) and BRIEF inhibition as dependent varia-
bles. There was a statistically significant difference between
the groups on the dependent variables, F (3,36) = 2.510;
Wilks” Lambda = .74; partial eta squared = .173. When the
results for the dependent variables were considered separ-
ately, there was a significant difference on the BRIEF inhib-
ition. An investigation of the mean scores indicated that the
trauma exposed group reported greater difficulties with
inhibition than the control group (see Table 3).

Correlation analyses showed that there was a strong posi-
tive correlation between performance on the Interference
CW and Interference IS condition (r = 416, N=40, p =
.008). There were no significant correlations between
BRIEF-A self-reported inhibition and performance on the
Interference CW condition (r=—.043, N=40, p = .791) or
the Interference IS condition (r = .051, N=40, p = .757).

Follow-up MANOVA with groups determined by PTSD
status and control group

A MANOVA using PTSD status as the independent variable,
interference score of inhibition (CW), interference score of
inhibition-switching (IS) and BRIEF inhibition as dependent
variables was carried out. There was a statistically significant
difference main effect on the dependent variables, F (6 70)
= 5.68; Wilks’ Lambda <.001; partial eta squared = .328.
When the results for the dependent variables were consid-
ered separately, there was a significant difference between
groups on the interference score of inhibition (CW), inter-
ference score of inhibition-switching (IS), and BRIEF

Table 1. Means and Standard deviations on the variables age, years of educa-
tion and WASI 1Q for the trauma exposed group and the control group.

Trauma exposed Control
(N=20; 7/13) (N=20; 7/13)
Descriptives M SD M SD t p
Age 20.00 1.49 19.95 1.57 103 354
Years of education 14.45 1.05 13.95 143  —1.259 217
WASI 1Q 113.05 10.97 112.30 8.50 242 284

Note. The numbers in brackets represent the gender distribution of our sample
(Male/Female).
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inhibition. A multivariate analysis of variance with post hoc
comparisons (LSD) was conducted to explore the differences
in objective and subjective inhibition measures, between the
PTSD+, PTSD- and the control group. Post hoc analysis
showed that the PTSD- performed significantly better com-
pared to the other groups on the measures of interference
score of inhibition (CW). Further, the post hoc showed that
the PTSD 4 group performed significantly poorer compared
to the other two groups on the measures of the interference
score of inhibition-switching (IS) and BRIEF inhibition self-
report (see Table 4 for results on MANOVA using groups
determined by PTSD status and Figure 2 for CW and IS
results). A multivariate analysis of variance with post hoc
comparisons (LSD) was conducted to explore the differences
in objective and subjective inhibition measures, between the
participants with subclinical symptoms (PTSS) and clinical
symptoms of PTSD in the PTSD + group and the PTSD-
group. The analysis revealed no significant differences
between the PTSS group and the PTSD group on any of the
inhibition outcome measures. On BRIEF-A self-reported
inhibition and on the Interference IS condition only the
PTSD group was significantly different from the PTSD-

Table 2. Means and Standard deviations on the variables age, years of educa-
tion and WASI 1Q in the two trauma exposed groups (PTSD + and PTSD-).

PTSD+ PTSD-
(N=13; 5/8) (N=7; 2/5)
Descriptives M SD M SD t p
Age 19.85 1.67 20.29 1.1 620 543
Years of education 13.08 .95 14.14 90 243 .026*
WASI 1Q 110.46 10.52 117.86 10.85 1.48 155

Note. The numbers in brackets represent the gender distribution of our sample
(Male/Female).
*The result is significant at the 0.05 level.

Table 3. Means and Standard deviations of CWIT conditions Interference score
of CW and is, BRIEF inhibition, when using the trauma exposed group and
control group (CG).

Trauma exposed Control
Test M SD M SD F37) p Partial
Interference CW 23.72 9.32 2295 7.8 .09 770 .002
Interference IS 34.17 9.19 3025 672 238 .132 .059
BRIEF inhibition 13.70 31 1170 236 523 .028* 121

Note. Scores on CWIT are measured in seconds. High scores indicate longer
time needed to perform the test. High scores on BRIEF indicate more
reported difficulties with Inhibition ability.

*The result is significant at the 0.05 level.

Table 4. Follow-up MANOVA with groups determined by PTSD status and
control group.

PTSD+

PTSD- CG

5 Post hoc
Test M SD M SD M SD F37) p 17
CW 2777 761 1621 7.63 2295 7.18 560 .007* .23 CG, PT+ > PT-
IS 37.00 874 2892 808 3025 672 3.84 .030* .17 PT4 > PT-, (G
BRIEF 14.85 2.94 11.57 229 11.70 236 6.79 .003* .27 PT+> PT-, CG

Note. Scores on CWIT are measured in seconds. High scores indicate longer
time needed to perform the test. High scores on BRIEF indicate more
reported difficulties with inhibition or general EFs.

Groups: Control Group = CG; PTSD+ = PT+; PTSD- = PT-.

Tests: Interference Inhibition =CW, Interference Inhibition/Switching =1S,
BRIEF-A Inhibition = BRIEF.

*The result is significant at the 0.05 level.

group. On the Interference CW condition, the PTSD- group
was significantly different from the two other groups (see
Table 5).

Predicting PTSD symptomatology

The direct logistic regression model contained two inde-
pendent variables (interference score of inhibition (CW),
interference score of inhibition-switching (IS). The full
model containing all predicters was statistically significant x”
(2, N=20) = 9.03, p < .011, indicating that the model was
able to distinguish between the exposed adolescents report-
ing PTSD and those who did not develop symptoms. The
model, explained between 36.3% (Cox and Snell R square)
and 50% (Negelkerke R Square) of the variance of PTSD
symptom status, and correctly classified 85% of the cases. As
shown in Table 6, only one of the independent variables
made a unique statically significant contribution to the
model (inhibition performance), recording an odds ratio of
1.17. This indicates that trauma exposed adolescents who
need longer time to perform the inhibition test were twice
as more likely to report PTSD symptoms, thus the model
indicates a reasonable prediction estimate of group affili-
ation based on inhibitory control performance.

Discussion

This study aimed to investigate the relationship between
trauma exposure, inhibitory control, and the development of
PTSD in survivors of the Uteya terror attack in 2011.
Inhibitory control was measured both subjectively with a
self-rating questionnaire and objectively with a Stroop task
requiring cognitive interference handling as well as task
switching ability.

Of the same population of trauma-survivors, not all indi-
viduals developed PTSD. Thirteen out of twenty trauma
exposed individuals who participated in our study developed
full or subclinical PTSD which is in line with previous stud-
ies showing that 60-62% of the terror attack survivors at
Utoya (Bugge et al, 2015) were diagnosed with partial or
full PTSD.

The trauma-exposed participants expressed lower per-
ceived inhibitory control compared to the matched control
group on the subjective measure, but there was no difference
between the groups on the objective measures. However, we
found significantly higher inhibitory control within the
trauma-exposed subgroup who did not suffer from post-
traumatic stress symptoms (PTSD-) compared to both the
control group and the trauma-exposed group with PTSD
(PTSD+). Opposite, the PTSD + group showed diminished
inhibitory control capacity compared to both the control
and the PTSD- group. The same pattern was evident for
self-reported inhibition, showing that the PTSD + group
reports significant more inhibition symptoms compared to
the two other groups. Thus, our hypotheses were supported
with major indications pointing toward inhibitory control as
both a possible resilience and risk factor for the develop-
ment of trauma related symptoms in the aftermath of a real-
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Figure 2. The Figure shows inhibitory control for the survivors, divided into two groups based on PTSD status, and the control group. The PTSD- group performed
significantly better compared to the other groups on the measures of interference score of inhibition (CW), and the PTSD + group performed significantly poorer
compared to the other two groups on the measures of the interference score of inhibition-switching (is). * The result is significant at the 0.05 level.

Table 5. Multivariate analysis of variance with post hoc comparisons for the
survivors, divided into three groups based on PTSD status.

PTSD PTSS PTSD-
Tesst M SD M SD M SD F217) p #*>  Post hoc
CW 2650 9.15 28.86 6.55 16.21 7.63 5.18 .018* 38 SD=SS > PT-

IS 40.17 9.05 34.29 8.14 2892 808 290 .083 .25 SD>PT-=S5S
BRIEF 16.33 1.36 13.57 3.41 11.57 229 564 .013* 40 SD > PT- =SS

Note. Scores on CWIT are measured in seconds. High scores indicate longer
time needed to perform the test. High scores on BRIEF indicate more
reported difficulties with inhibition or general EFs.

Groups: PTSD = SD; PTSS =SS; PTSD- = PT-.

Tests: Interference Inhibition =CW, Interference
BRIEF-A Inhibition = BRIEF.

*The result is significant at the 0.05 level.

Inhibition/Switching =1S,

Table 6. Logistics regression predicting likelihood of classifying PTSD + or
PTSD-.

95.0%

C.| for odds ratio

Test B SE Wald df p Oddsratio Lower Upper
Interference CW 15 .08 385 1 .05 117 1.0 1.36
Interference IS 08 09 92 1 34 1.09 .92 1.29

Constant —534 3.01 314 1 .08 .01

life trauma. Furthermore, inhibitory control score was
shown to be a highly accurate predictor of determining sub-
group belongingness.

By following Mary and colleagues’ procedure of grouping
survivors into trauma-exposed individuals with subthreshold
PTSD (PTSS) and fully diagnosed PTSD into one
PTSD + group, we might have missed important clinical dif-
ferences regarding symptom load. Thus, we conducted a fol-
low up analysis comparing the two clinical groups, despite
low power and high variance. Interestingly, the two clinical
symptom groups did not differ on any outcome measures,
however one might expect in larger samples that there is an
interaction between symptom load and cognitive inhibitory
control.

These findings are in line with previous research stating a
systematic relationship between trauma symptomology and
inhibitory control (Nyvold et al., 2022; Rooij & Jovanovic,

2019). However, further prospective study designs with
larger N including different populations are needed to ana-
lyze the potentially predisposing and causal influence which
inhibitory control may exert on PTSD. Therefore, experi-
mental, and longitudinal designs with full control over base-
line inhibitory control (pre-traumatic experience) and their
possible development are necessary to conduct.

Inhibitory control as a resilience factor?

As hypothesized, trauma survivors with no PTSD symptoms
displayed higher objectively measured inhibitory control
compared to both the control and the PTSD + group. It is
noteworthy that we found that the control group expressed
significantly worse inhibitory control compared to the
PTSD- group. Thus, it is conceivable that trauma exposure
“separated” individuals with high and low inhibitory control
into a more (PTSD-) and less resilient (PTSD+) group. The
present results suggest inhibitory control as a resilience fac-
tor possibly protecting from the development of PTSD. It is
assumable that our control group consists of individuals
exhibiting a natural variability of inhibitory control.

We can however only speculate if the PTSD- group bene-
fited from initially high inhibitory control thus protecting
them from developing PTSD symptoms, or if their inhibi-
tory control was increased after and maybe even along the
trauma exposure. Both suggestions are hitherto derived from
prior research (Hulbert & Anderson, 2018; Samuelson et al.,
2020).

Apart from not being able to assess individuals’ pre-
trauma inhibitory control we did not consider for instance
social support from participants’ networks or their inter-
individually differing experience of the actual traumatic
event. In addition, the PTSD- group had significantly more
years of education, albeit only one year. These factors
could-among others —possibly have mediating or moderat-
ing effects on individuals’ inhibitory control and thus influ-
enced symptom pressure.
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Inhibitory control as a risk factor?

Not surprisingly, our findings show that the PTSD + group
exhibited diminished inhibitory control which is in line with
a large body of literature reporting a general deficit of
inhibitory control in PTSD populations (Costanzi et al,
2021; DeGutis et al., 2015; Vasterling et al., 1998). Since the
PTSD + group displays significantly lower inhibitory control
compared to the PTSD- group and the control group, we
conclude that the deviation from average is reasonable.

On the one hand, we suggest that inhibition control def-
icit might have led to higher susceptibility of developing
PTSD symptoms after the terror attack. Though the associ-
ation between lowered inhibitory control and PTSD would
imply that diminished inhibition capacity could be a
possible risk factor, longitudinal studies with controlled
trauma-mirroring manipulations would be necessary for
confirmation. On the other hand, inhibitory control deficit
could also be the consequence of trauma symptomology.
Studies have pointed out that maladapted avoidance strat-
egies applied to suppress unpleasant trauma reminders may
have a detrimental effect on mental health through strength-
ening intrusive memories and thus worsening the sympto-
mology overall (Mitchell et al, 2007; Wegner, 1994).
Unsuccessful memory suppression attempts might therefore
exacerbate PTSD symptoms, potentially mediated by a lack
of inhibitory control capacity (Gagnepain et al, 2014;
Kiipper et al., 2014; Norby, 2018).

Subjective and objective inhibitory control

Interestingly, we found an apparent discrepancy between
subjective and objective scores for inhibitory control indicat-
ing that the total group of trauma survivors rated themselves
lower than the controls on self-perceived inhibitory control
while there was no such difference for the objective meas-
ures. However, when inspecting the mean post-hoc scores, it
is evident that the PTSD + group reports increased subject-
ive challenges in everyday life while the PTSD- group
showed the same perceived inhibitory control capacity as
the controls. Thus, PTSD + perceived themselves to have
worse inhibitory control than both other groups (PTSD-
and control group). That led to a meaningful difference
between trauma exposed and control group on the subjective
rating of inhibitory control. For the objective measures how-
ever, the PTSD- group showed an average on the inhibitory
control score that equalized the scores in both the control
and PTSD 4 group resulting in no noticeable differences
between controls and trauma survivors. Therefore, what at
the first glance seemed like a discrepancy between objective
and subjective results is explained when considering the sub-
group scores in more detail.

Avoidance strategies

Since memory suppression has been shown to be highly
intertwined with inhibitory control (Anderson & Levy, 2009;
Catarino et al., 2015), we assume that participants displaying

higher inhibitory control also apply more successful avoid-
ance strategies. These would hinder unwanted thoughts to
fully intrude awareness and in turn leading to a lowered
long-term accessibility of trauma related memories. A
diminished inhibitory control could potentially have the
opposite effect, paradoxically strengthening the unwanted
memories by focusing cognitive resources through inefficient
suppression attempts and preventing the occurrence of
otherwise favorable adaptive forgetting processes (Anderson
& Hanslmayr, 2014; Hulbert et al.,, 2016).

Thus, repeated vivid retrieval of the emotionally strong
trauma memory becomes even more accessible, intruding
more frequently an individual’s mind and promoting even-
tually lasting PTSD symptoms. However, to test these
hypotheses future research should assess trauma survivors’
most frequently applied avoidance strategies in relation to
individual symptom pressure.

Clinical implications

Our results imply a meaningful relationship between inhibi-
tory control capacity and trauma related symptom develop-
ment which is in accordance with previous research (Mary
et al., 2020; Samuelson et al., 2020). Noteworthy, similar
relationships have been observed for depressed patients
(Schmid & Hammar, 2021), and therefore a variety of
patients suffering mental disorders might benefit from
strengthening their inhibitory control (Bradley et al., 2005;
Loerinc et al., 2015; Anderson & Levy, 2009; Bryant et al.,
2021; Reuveni et al., 2022).

Considering the possibly gap between the demands of
classical inhibitory control tasks and real-life situations these
methods should be designed with highest possible ecological
validity. For PTSD patients that could mean to develop
strategies how to successfully inhibit intrusive thoughts or
deliberately lower the emotional intensity of associated
memories when confronted with a possible trauma reminder
in daily life.

Our results further indicate that individuals with lower
inhibitory control might be more susceptible for developing
PTSD. This is relevant in terms of risk group assessment
and possibly individualized and intensified follow-up meas-
ures for trauma survivors who show heightened susceptibil-
ity. Targeted and novel interventions are much needed in
the field to increase treatment perspectives for PTSD
patients (Iyadurai et al, 2019). Already existing treatment
methods working to improve patients’ cognitive functioning
as for instance cognitive remediation (Kim et al, 2018)
should specifically consider the importance of inhibitory
control capacity and be adapted for the needs of an individ-
ual’s symptomology.

On a further note, this study separated participants into
apparent categories (PTSD+, PTSD-) to facilitate the report-
ing of results. Instead of separating the groups by taking the
strict definition of not/fully diagnosed PTSD, we included
subthreshold PTSD symptomology, recognizing the possibly
high burden by any trauma related symptom manifestation
for the individual. We suggest, it might be most appropriate



in clinical research and practice to adopt a dimensional per-
spective on PTSD, taking individual manifestations into
account, even besides the mere (non-)occurrence of core
symptoms.

Strengths and limitations

Although larger sample sizes would have increased statistical
power in the subgroup analyses, the present sample repre-
sents a uniquely homogenous group exposed to a severe
life-threatening trauma experience in young age. Despite the
low sample size did prevent us to conduct robust analyses
between individuals with fully diagnosed and subclinical
PTSD, a comparison which-given a higher power-would
have been potentially informative. However, analysis
revealed no differences between clinical and subclinical par-
ticipants in the PTSD + group on the outcome measures.

There are several considerations to be aware of in the
recruitment process and during testing. To minimize the
risk that the control group would differ substantially from
the quite homogenous trauma exposed group, we carefully
selected and matched individuals in age, gender and on vari-
ous factors like their social and political interests, however
the inclusion and matching of more specific data, such as
ethnicity, race and sexual orientation might have strength-
ened generalizability even more. Additionally, we might con-
sider a self-selection effect as it is expected that individuals
who suffer from the most severe symptoms would probably
have refrained from participating in the current study.
However, one might expect that these individuals are also
most likely displaying lower inhibitory control capacity. This
is why we would assume the found effect of diminished
inhibitory control in the PTSD + group to even be higher in
the whole population of Utgya trauma-survivors.

The terror attack on Utgya was directed toward a sum-
mer camp mainly attended by adolescents. Naturally the
results obtained in this sample can hardly be generalized to
other populations. without considering the developmental
trajectory of the prefrontal cortex. Since executive functions
such as inhibitory control are tightly connected to the mat-
uration of the frontal lobes (Ordaz et al., 2013) the baseline
inhibitory control capacities observed in our sample might
underestimate those of the general (adult) population.

Our prediction model categorizing individuals into the
respective subgroups (PTSD +/-) based on their inhibition
scores performed highly accurate. It is desirable, that for
future clinical applications trauma research engage actively
into developing good predictor models which involve a var-
iety of possibly relevant and interacting factors to gain more
insight into resilience and risk factors of PTSD development.

Considering inhibitory control, we applied both subject-
ive and objective measures, aiming for a holistic and differ-
entiated assessment. We employed a version of the well
validated and frequently used Stroop task (Kelder et al.,
2018; Stroop, 1935), which is a common neuropsychological
measurement for inhibitory control. However, the addition
of a task evaluating an individual’s memory suppression
capacity would have probably given further insight into the
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specifically relevant ability to manage intrusive thoughts
(Catarino et al., 2015; Kiipper et al., 2014).

Finally, it is imperative to underscore that inhibitory con-
trol, while recognized as a significant component contribu-
ting to the comprehension of the intricate trajectory of
trauma-related symptomology, represents merely one facet
within this broader framework. Other critical elements,
including personality traits, emotional response styles, and
external resources such as social support, warrant careful
consideration. These variables, despite their relevance, were
not encompassed within the scope of the present study.

Conclusions

The results of our study indicate that inhibitory control
measured both objectively and subjectively is associated with
trauma related symptom development. Our findings indicate
that diminished inhibitory control could render trauma
exposed individuals more susceptible to develop symptoms.
Another possibility is that symptom development leads to
lower inhibitory control. On the other hand, higher inhibi-
tory control capacity seems to serve as a possible resilience
factor to not develop symptoms in the aftermath of trauma
exposure. Despite the small sample size, this study poten-
tially offers a significant contribution to psychological
trauma research and can set a basis for future research in
the area of social and emotional clinical neuropsychology.
These results bear important clinical implications for consid-
ering inhibitory control in both risk group assessment and
for the development of interventions for patients with a
trauma history. Future endeavors should consider experi-
mentally controlled and longitudinal study designs, aiming
to shed light into the possibly causal role of an individual’s
inhibitory control capacity as a risk and/or resilience factor
in PTSD development.
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