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controlled fMRI study
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Background

Dissociative identity disorder (DID) manifests with distinct
trauma-avoidant and trauma-related identity states. Overtly
conscious trauma-related knowledge processing is identity
state-dependent. Previous research on covertly subconscious
knowledge processing in DID lacks subject-specific trauma-
related stimuli.

Aims

Our controlled functional magnetic resonance imaging (fMRI)
study explored neural and behavioural differences of overt and
covert knowledge processing of individualised self-relevant
words in DID.

Method

Behavioural data were gathered while 56 participants underwent
task-based fMRI: 14 with DID, 14 DID simulators and a paired
control group of 14 healthy controls and 14 participants with
post-traumatic stress disorder. Individuals with DID and
simulators participated in a trauma-avoidant and a trauma-
related identity state. Reaction times and brain activation
following overtly and covertly presented individualised words
were statistically analysed.

Results

Behavioural analyses showed a main effect of consciousness
(P < 0.001). Post hoc between-group pairwise comparisons
revealed slower reaction times for individuals with DID
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compared with simulating (P < 0.05) and paired controls

(P < 0.05). Neural data analyses showed increased brain
activation in frontal and parietal regions within the diagnosed
DID group, especially during overt processing. Between-group
comparisons mostly showed less pronounced activation in
frontal, occipital and temporal areas.

Conclusions

The present study showed increased cognitive control during
overt self-relevant knowledge processing in the trauma-avoidant
identity state of DID, in line with previous research. The slower
reaction times and increased frontoparietal activation shown in
individuals with diagnosed DID, as compared with both control
groups, support the notion of cognitive avoidance of trauma-
related information in DID and further reinforce the authenticity
of DID experiences.
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Dissociative identity disorder (DID) is a complex psychiatric
disorder characterised by the recurrent presentation of two or more
distinct dissociative identity states.! These are referred to as trauma-
avoidant identity state and trauma-related identity state.’™* The
trauma-avoidant identity state of individuals with DID mentally
avoids trauma-related knowledge and often reports subjective
amnesia.’>>S In a trauma-related identity state, individuals with
DID are more likely to recall autobiographical trauma-related
experiences.">’~ Most research in DID has focused on overt
stimulus presentation, while investigation of both overt and covert
processing has mainly focused on emotional face-processing!®!! or
mirror confrontation tasks.!>!* The majority of these studies used
standardised measures rather than subject-specific trauma-related
stimuli. The present study aims to expand the literature through
overt and covert presentation of individualised words.

Studying overt and covert processing using words is particularly
advantageous because it allows for a highly individualised
approach. Words can be carefully selected and individualised to
each participant, ensuring that the stimuli are personally relevant
and engaging. Additionally, words as stimuli provide a precise and
measurable way to assess cognitive and emotional processing,
which is particularly helpful in studying complex phenomena like
dissociation where personalised and context-specific triggers can
reveal nuanced insights into overt and covert processing

mechanisms. For these reasons, in the present study individualised
words were used. During the overt task condition the participants
decided whether the word was relevant to themselves (as in?), while
during the covert condition they decided whether or not the word
contained a capital letter. This covert presentation method was
previously proven effective in the research of Daselaar and
colleagues!* in healthy controls. The inclusion of a capital letter
in a trauma-related word created a conflict of task, because the
emotional content of the word was interfering with the decision
process whether or not the word contained a capital letter, leading
to a slower response to the actual capital letter task.'*

Aims and hypotheses

The present study aimed to investigate differences in behavioural
performance and brain activation following overt and covert
processing of self-relevant words, as compared with non-self-
relevant words, in individuals with a diagnosis of DID and in a
controlled manner. Therefore, we included three individualised
word types, namely self-relevant trauma-related, non-self-relevant
trauma-related (NSt) and non-self-relevant neutral (NSn) words.
These were rated for self-relevance (yes/no) during the overt task
condition and for the presence of a capital letter during the covert
task condition (yes/no), while neural and behavioural data were
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self-relevant neutral; fMRI, functional magnetic resonance imaging; CP, conscious/overt processing; SCP, subconscious/covert processing;
TAIS, trauma-avoidant identity state; TRIS, trauma-related identity state.

collected. Behavioural performance and brain activation of
participants with DID were compared with two control group:;
DID-simulating actors and a carefully paired control group
consisting of individuals with post-traumatic stress disorder
(PTSD) and healthy participants.

With regard to the behavioural data, we hypothesised that
participants with DID would demonstrate slower reaction times
to covertly presented self-relevant and trauma-related stimuli
when in the trauma-related identity state, as compared with the
control groups. Regarding the neural data, we hypothesised that
individuals with DID would exhibit increased brain activation in
the frontal and parietal regions when in the trauma-avoidant
identity state, and in the areas of amygdala and insula when in
the trauma-related identity state. Lastly, we hypothesised that
participants with DID would show increased brain activation
during covert processing, as compared with overt processing,
especially in frontal regions.

Method

Participants

The present study was part of the larger Dutch Neuroimaging
Dissociative Identity Disorder project, originally conducted in The
Netherlands (see, for example,>*!*"1%), where participants under-
went task-based functional magnetic resonance imaging (fMRI)
during self-relevance rating of words from individualised word lists.
Ethical approval was acquired by the Amsterdam Medical Centre
(reference no. MEC09/155) and the Medical Ethical Committee of
the University Medical Centre Groningen (reference no.
METC2008.211).

Behavioural and neural data of 56 participants were included in
the current study: 14 women with a diagnosis of DID (DID-G), 14
healthy DID-simulating actors (DID-S) and a paired between-
subject control (CTRL) group consisting of a total of 28
participants - 14 healthy non-psychiatric controls and 14
individuals with a PTSD diagnosis. The individuals with PTSD
were included as controls for the trauma-related identity state of the
DID-G participants,” whereas healthy, non-simulating, study-blind
participants were included as a control group for the trauma-
avoidant identity state of the DID-G group. The PTSD participants
had a history of interpersonal traumatising events during childhood
and/or adulthood, and they scored significantly lower than
diagnosed DID individuals in dissociation scales,”!®1”!? thus not
meeting the criteria for the dissociative subtype of PTSD. The
healthy controls were, by default, non-psychiatric individuals due

to our inclusion criteria that required, among others, low scores on
the Dissociative Experiences Scale (cut-off <25), the Somatoform
Dissociation Questionnaire (SDQ-20, cut-off <28; SDQ-5, cut-off
<7), the Traumatic Experience Checklist (impact <2) and the
State-Trait Anxiety Inventory-Trait scale, as well as no history of
psychiatric disorders or psychiatric medication.>!>!¢2%21 In line
with the design and terminology used in our previous publications,
in this study we refer to these non-psychiatric individuals as healthy
controls. All participants were carefully matched in terms of gender,
age and education level, were of Western European ancestry, native
speakers of Dutch and aged between 18 and 65 years. Before their
participation, individuals were informed about, and provided
written consent to, the procedures, their withdrawal rights and the
anonymity and confidentiality of their data. Further information
regarding the specific characteristics of each participant group and
reported identity states, simulation instructions and inclusion and
exclusion criteria,>!®!%1? as well as comorbid disorders,?*?! has
previously been detailed.

Materials and procedure
Word lists

Individualised, subject-specific words were used during the
behavioural data and fMRI sessions of the present study. Details
on acquiring and determining these subject specific words are
provided in Appendix A of the supplementary materials available at
https://doi.org/10.1192/bjo.2025.10914, reprinted from Strouza and
colleagues'’ (also used by Dimitrova and colleagues?). The word
selection procedure is visualised in Fig. 1 (adapted with permission
from Dimitrova and colleagues.?

Brain imaging task description

The imaging task was implemented and programmed by S.C. in the
software programme Presentation (version 14 for Windows,
Neurobehavioral Systems, San Francisco, California, USA;
https://neurobs.com/menu_presentation/menu_features/features_
overview). This programme was also used to record the
participants’ reactions to each word during the brain imaging
session. Choice reaction time is a basic measure of processing speed,
and constitutes a calculation of the participant’s response time from
stimulus presentation to logged response.?? Slower reaction times
indicated greater time between the presentation of the stimulus and
the participant’s response, denoting increased mental processing,
whereas faster reaction times signified less time taken by the
participant to respond, suggesting decreased mental processing and
cognitive avoidance.!” The fMRI task procedure is visualised
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Fig. 2 Brain-imaging session procedure of self-relevance processing. Each task contained a total of five conscious/overt processing (CP) blocks

and five subconscious/covert processing (SCP) blocks. The SCP block

consisted of the same words included in the CP block but contained

capital letters (i.e. asSault). The participants’ task was to decide whether or not there is a capital letter, instead of rating the word in terms of
self-relevance and emotional content. There were two different versions of CP/SCP block order to allow for between subject randomisation,
randomly allocated one for the trauma-related identity state and one for the trauma-avoidant identity state. Every block contained the self-

relevant trauma-related, non-self-relevant trauma-related and non-self-relevant neutral conditions in randomised order within block, i.e. four
words from each condition randomly distributed in each block. The reply button allocation was also randomised, sometimes (<>>) and
sometimes (<<>) and counterbalanced throughout the task. The word for rating would appear in the centre of the screen for up to 5 s or until

the Presentation program logged a response, i.e self-paced termination

of the word presentation. Although the task was designed to run at the

pace of the participant, the maximum duration of each block was up to 25 min. fMRI, functional magnetic resonance imaging.

and detailed in Fig. 2 (adapted with permission from Dimitrova
and colleagues?).

Data analyses
Behavioural data

Presentation log files were extracted, processed and transformed by
A.J.L. using R (version 3.4.1 for Windows, R Core Team, Vienna,
Austria; https://cran.r-project.org/). IBM SPSS Statistics software
(version 24 for Windows, IBM, Armonk, New York, USA; https:/
www.ibm.com/products/spss-statistics) was then used for descriptive
and statistical analyses. Participants’ reaction times were analysed
using repeated-measures analyses of variance. A four-way factorial
design was employed to explore the main effect of consciousness,
with participant group being the between-subjects factor (DID-G,
DID-S, CTRL). The remaining variables were all within-subject
factors: two dissociative identity states (trauma-avoidant identity
state, trauma-related identity state), two trial types (conscious/overt
processing, subconscious/covert processing (SCP)) and three word
types (non-self-relevant neutral (NSn), non-self-relevant trauma-
related (NSt), self-relevant trauma-related). Regarding the self-
relevance and emotional intensity effect, the same design was
employed but, rather than three word types there were only two; for
the self-relevance effect we compared between self-relevant and
non-self-relevant words (self-relevant trauma-related versus NSt),
whereas for the emotional intensity effect we contrasted between
trauma-related and neutral words (NSt versus NSn). Simple
contrast analyses were conducted to determine the one-tailed
direction of the tests, serving as the primary analytical results for
the specified hypotheses. Post hoc pairwise comparisons tests were

used to determine the directionality of significant differences.
P-values were set at 0.05 and corrected for multiple comparisons
through Bonferroni’s adjustment. The same factorial designs were
also employed for within-group comparisons.

Neuroimaging data

An in-depth overview of the acquisition parameters and
preprocessing details has previously been described in detail, in
the supplementary materials of Dimitrova and colleagues.> FMRI
data were processed and statistically analysed using SPM12 (version
7771 for Windows, Wellcome Trust Centre for Neuroimaging,
London, UK; http://www.filion.ucl.ac.uk) within Matlab
(version 9.2.0 for Windows, MathWorks, Natick, Massachusetts,
USA; https://www.mathworks.com/products/matlab.html).

For the purposes of statistical analyses, a blocked event-related
design was employed. At the first level, a boxcar regressor, aligned
with the onset and offset of stimulus presentation, underwent
convolution with the canonical haemodynamic response function.
At this level, 9 regressors were specified for each session and each
identity state plus 4 session-specific constants, totalling 40
regressors per participant. Of the nine regressors there was one
low-level baseline condition of no interest, four regressors modelled
subconscious/covert processing and four regressors modelled
conscious/overt processing. According to processing level, three
regressors modelled our conditions of interest, namely the word
types NSn, NSt and self-relevant trauma-related, and one regressor,
which was of no interest in regard to the current study.
Subsequently, image volumes containing parameter estimates
pertinent to the current investigation were computed within the
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Statistical comparisons of behavioural response times between groups, processing blocks and dissociative identity states

Table 1
ANOVA

Effects recorded F(d.f.) Sig.

Main consciousness effect

CP versus SCP 23.096 (1, 39) <0.001

Self-relevance effect (St versus NSt)

Within-group comparisons

DID-G 0.180 (1) ns.
CP versus SCP 0.212 (1) n.s.
TRIS versus TAIS 3.364 (1) n.s.

DID-S 1.905 (1) n.s.
CP versus SCP 8.579 (1) <.05
TRIS versus TAIS 3.456 (1) n.s.

CTRL 16.681 (1) <0.05
CP versus SCP 20.230 (1) <0.001
TRIS versus TAIS 10.025 (1) <0.05

Between-group comparisons

CP versus SCP 12.606 (1) <0.05

TRIS versus TAIS 14.778 (1) <0.001
DID-G versus DID-S
DID-G versus CTRL

Emotional intensity effect (NSt versus NSn)

Within-group comparisons

DID-G 0.281 (1) n.s.
CP versus SCP 3.462 (1) n.s.
TRIS versus TAIS 4.053 (1) n.s.

DID-S 4.089 (1) n.s.
CP versus > SCP 7.929 (1) <.05
TRIS versus TAIS 2.328 (1) n.s.

CTRL 1772 (1) ns.
CP versus SCP 31.562 (1) <0.001
TRIS versus TAIS 7.718 (1) <0.05

Between-group comparisons

CP versus SCP 24.790 (1) <0.001

TRIS versus TAIS 13.095 (1) <0.001

DID-G versus DID-S
DID-G versus CTRL

ANOVA, analysis of variance; Sig., significance; CP, conscious/overt processing; SCP, subconscious/covert processing; St, self-relevant trauma-related words; NSt, non-self-relevant
trauma-related words; DID-G, diagnosed dissociative identity disorder participants; n.s., no significance; TRIS, trauma-related identity state; TAIS, trauma-avoidant identity state; DID-S,
simulated dissociative identity disorder participants; CTRL, paired control group; NSn, non-self-relevant neutral words.

Pairwise comparison
Np? Directionality Mean difference Sig.
0.372 CP > SCP 0.034 <0.001
0.014
0.016
0.206
0.128
0.398 CP > SCP 0.048 <0.05
0.210
0.562 0.022 <0.05
0.609 CP > SCP 0.026 <0.001
0.435 TRIS > TAIS 0.082 <0.05
0.244 CP > SCP 0.027 <0.05
0.275 TRIS > TAIS 0.062 <0.001
DID-G > DID-S 0.069 <0.05
DID-G > CTRL 0.069 <0.05
0.021
0.210
0.238
0.239
0.379 CP > SCP 0.041 <0.05
0.152
0.120
0.708 CP > SCP 0.038 <0.001
0.373 TRIS > TAIS 0.071 <0.05
0.389 CP > SCP 0.035 <0.001
0.251 TRIS > TAIS 0.056 <0.001
DID-G > DID-S 0.080 <0.05
DID-G > CTRL 0.076 <0.05

self-relevance task blocks and consciousness block manipulation,
and taken to the second level of analysis.

At the second level, contrasts of interest were investigated
using within-group, one-sample t-tests (for the DID-G group) and
between-group, two-sample t-tests to explore the effects of group
(DID-G versus CTRL, DID-G versus DID-S). The main effect of
consciousness tested participants’ between-identity state
increased and decreased brain activation in the overt versus
covert level of processing. The effect of self-relevance (self-
relevant trauma-related versus NSt) and that of emotional
intensity (NSt versus NSn) were investigated using the following
comparisons of interest: consciousness effects within identity
states (covert versus overt processing in the trauma-avoidant
identity state, covert versus overt processing in the trauma-related
identity state) and consciousness effects between identity states
(overt processing in the trauma-related versus trauma-avoidant
identity state, covert processing in the trauma-related versus
trauma-avoidant identity state).

An initial threshold of P < 0.05, corrected with family-wise
error multiple comparisons for the whole brain, was set with an
extent threshold of 8 voxels. Furthermore, brain regions meeting an
explorative threshold of P < 0.005 uncorrected were also reported,
consistent with previous studies.>**?* Results were restricted by an
extent voxel threshold of >8, in line with the spatial resolution of
the data, to mitigate the risk of type I error following the approach
outlined by Bennett and colleagues.’ Coordinates were extracted
from SPM12 with relevant output and label. The labels of the
coordinates were cross-referenced by A.LS. and A.A.T.S.R., using

the atlas Siibra Explorer (browser-based, EBRAINS, Watermael-
Boitsfort, Belgium; https://atlases.ebrains.eu/viewer/) and the
application Brain Tutor 3D (Windows, BrainVoyager,
Maastricht, The Netherlands; https://www.brainvoyager.com/pro
ducts/braintutor.html). The coordinates and labels were further
examined in SPM using anatomical visualisation of clusters by
means of overlaying a canonical, single-subject T1 image on the
sagittal, coronal and axial sections.

Results

Demographics

Participants did not significantly differ in terms of age or education.

Behavioural and brain imaging data
Main effect of consciousness

Behavioural data showed a significant main effect of consciousness
in participants’ reaction times for self-relevant trauma-related, NSt
and NSn words across groups and identity states (see Table 1).
Pairwise comparisons revealed slower reaction times in conscious/
overt processing compared with subconscious/covert processing
(see Table 1, main consciousness effect), especially in the trauma-
avoidant identity state for the DID-G group, and in both identity
states for DID-S participants (see Fig. 3).

Neural data for the diagnosed DID-G participants showed
increased brain activation in the bilateral frontal gyrus, bilateral
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intraparietal sulcus, bilateral angular gyrus, right lingual gyrus,
right temporal gyrus and left cingulate gyrus (see Table 2, Fig. 4 and
Appendix B of the supplementary materials). Group comparisons
between the DID-G and paired control group (CTRL), as well as
between the DID-G and DID-S groups, showed increased brain
activation in the bilateral occipital gyrus and bilateral intraparietal
sulcus, respectively. Decreased brain activation was found for the
DID-G group in the left middle frontal gyrus, right precentral
gyrus, bilateral intraparietal sulcus and bilateral superior and
inferior parietal lobules, as well as in the right precuneus.

Self-relevance effect: self-relevant trauma-related
versus NSt words
Within-group comparisons
Behavioural data showed significant differences in reaction times
only for the CTRL group (see Table 1). Post hoc pairwise
comparisons showed slower reaction times for self-relevant
trauma-related words compared with NSt words. Significant
differences between overt and covert processing were found only
for DID-S and CTRL participants. Regarding rating differences
between the trauma-avoidant identity and -related identity states,
only the CTRL group vyielded significant results, with slower
reaction times for the latter compared with the former (see Table 1).
Neural data obtained during the brain imaging session showed
increased brain activation in the left superior frontal gyrus and right
superior parietal lobule in the trauma-related identity state of
diagnosed DID-G participants (see Table 3). In the covert
processing block, there was increase in the left hippocampal gyrus
and left superior temporal gyrus. Decreased activation was found in
the right dorsolateral prefrontal cortex, right postcentral gyrus and
left precentral gyrus while participants were in the trauma-avoidant
identity state. Additionally, there was decreased activation in
the right superior frontal gyrus, right middle frontal gyrus, left
inferior frontal gyrus and right inferior parietal lobule while in the
trauma-related identity state, and in the left superior frontal and left
middle frontal gyrus during the covert processing block (see Table 3
and Appendix B of the supplementary materials).

Between-group comparisons

Behavioural data showed significant between-group effects (F(2,
39) =4.829, P=10.013, npz =0.199). Statistically different reaction

times were shown between the two word types (F(1)=9.216,
P =10.004, n,> = 0.191), with pairwise comparisons revealing slower
reaction times for self-relevant trauma-related words compared
with NSt words (mean difference =0.011, s.e.=0.004, 95% CI:
[0.004, 0.019], P=0.004) across groups. Significant differences
were observed between overt and covert processing, as well as
between trauma-avoidant and -related identity states (see Table 1).
Post hoc pairwise comparisons between groups showed slower
reaction times in overt processing and in the trauma-related
identity state. Pairwise comparisons also showed that DID-G
participants exhibited slower reaction times than the CTRL and
DID-S groups.

Neural data of group comparisons between the DID-G and
CTRL groups showed increased brain activation in the left
precentral gyrus, right insula, left inferior parietal lobule/angular
gyrus, left middle temporal gyrus and left transverse temporal gyrus
in the trauma-avoidant identity state, and in the left superior frontal
gyrus in the trauma-related identity state. Decreased activation was
observed in the bilateral superior frontal gyrus in the trauma-
avoidant identity state, and in the right middle frontal gyrus during
the overt processing block (see Table 3).

Comparisons between the DID-G and DID-S groups showed
increased activation in the left inferior frontal gyrus, left superior
and inferior parietal lobule, mainly in the trauma-avoidant identity
state. Increased activation was found in the left inferior frontal gyrus,
right precentral gyrus, right transverse temporal gyrus and left
precuneus only in the overt processing block. Decreased activation
was found in the trauma-related identity state in the left middle and
inferior frontal gyrus and sulcus, as well as in the right para-
hippocampal gyrus/frontal operculum. Decreased activation was
observed in the left inferior temporal gyrus in the overt processing
block, and in the left inferior frontal gyrus, left superior parietal
lobule/precuneus and left calcarine sulcus in the covert processing
block (see Table 3 and Appendix B of the supplementary materials).

Emotional intensity effect: NSt versus NSh words
Within-group comparisons

Behavioural analyses revealed no within-group differences between
these two word types (see Table 1). Significant differences between
overt and covert processing were found for the DID-S and CTRL
groups. Comparisons between the trauma-avoidant and -related
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Table 2 Main effect of consciousness: increased and decreased brain activation

L/R

Overt versus covert processing
Increased brain activation
Cortical areas

L

o

— o r o>

Subcortical areas
R

Brain region

Superior frontal gyrus

Medial frontal gyrus
Medial frontal gyrus

Middle frontal gyrus

Inferior frontal gyrus

Precentral gyrus
Precentral gyrus

Intraparietal sulcus
Intraparietal sulcus
Angular gyrus

Angular gyrus

Lingual gyrus
Middle occipital gyrus
Middle occipital gyrus

Occipital gyrus

Occipital gyrus

Occipital gyrus/calcarine sulcus
Calcarine sulcus

Superior temporal gyrus

Middle temporal gyrus
Precuneus

Cingulate sulcus
Cingulate sulcus
Cingulate gyrus

Caudate nucleus (latero-dorsal part)

BA

BA 8/9
BA 8

BA 8

BA 10
BA 10
BA 10
BA 8

BA 6

BA 45/47
BA 45/47
BA 45/47
BA 6

BA 4/6
BA 4/6
BA 7/40
BA 7/40
BA 39
BA 39
BA 39
BA 39
BA 18/19
BA 19
BA 19
BA 18
BA 18
BA 18
BA 18
BA 18
BA 17/18
BA 17
BA 22
BA 22
BA 21
BA 7

BA 23/31
BA 23/31
BA 31

BA 31

Within-group Between-group
DID-G DID-G versus CTRL DID-G versus DID-S
X Y V4 T*P KENC X Y V4 TA*P KENC X Y V4 TA*P KEAC
-26 30 50 6.76 337A**CAT
-8 54 36 6.13 337A**CA2
-1 30 61 6.06 337A**CcA3
6 57 -9 6.84 82N**CA]
-4 61 -6 5.17 B2N**CA2
-12 44 -6 3.72/P 82A**CA3
-40 16 50 578 3171
-36 5 61 4.08"\P 3112
-46 33 -9 6.37 QINF**CA]
-40 23 8 5.52 QIN**CA2
-36 30 -2 5.06 9IA**CAZ
-36 -12 40 3.93 14
66 -5 12 3.69"P 15M 20 -8 54 3.40"P 8
58 2 8 3.017P 1512
-43 -33 50 3.84 16
30 -43 40 3537P 9
-43 =74 30  9.56N**P 54N
—43 =74 44 351°P 5412
55 71 30 6.42 9
38 =57 26 4.65 3612
34 53 2 6.52 36M
-40 -84 5  3.68"\P 19
41 =71 2 3.67°P 13
34 -84 2 3.87 8
24 =91 2 4.40 14 A, *cA
10 -95 26 4.24 141N**CA2
20 -98 5 3.98 14N> *CA3
-12 =102 12 3.88 17
=15 =102 -2  3.567P 8
-22 -67 19 3737\P 8
38 46 16 4.62 3613 38 -46 16 3.17°P 9N
48 -50 8 3.17AP ON2 55 =57 =2 346NP 16
62 -5 =16 5.02 8
13 -46 54 3.90 12
-4 53 26 6.00 282N**CA2
13 -39 33 3787P 8
=1 —46 33 6.19 282N\ *CcN =15 -36 30 3.32"P 1072
-4 =64 19 5.07 282A**cA3 -18 -39 40  3.417P 10M -22  -33 40 3.88 "
30 9 19 4.60 19
(Continued)
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Decreased brain activation
Cortical areas
L

R
Subcortical areas
L
R
R

Middle frontal gyrus
Precentral gyrus
Intraparietal sulcus
Intraparietal sulcus
Superior parietal lobule

Superior parietal lobule

Inferior parietal lobule

Inferior parietal lobule
Inferior occipital gyrus
Calcarine sulcus

Middle temporal gyrus

Precuneus
Cingulate gyrus

Fusiform gyrus
Fusiform gyrus
Caudate nucleus (tail)

Putamen
Thalamus

BA 9
BA 9
BA 6
BA 7/40
BA 7/40
BA 7/40
BA 7
BA 7
BA 7
BA 7
BA 40
BA 40
BA 40
BA 40
BA 40
BA 18
BA 17
BA 21
BA 21
BA 31
BA 32
BA 32
BA 37
BA 37
BA 37

41
-40
-43
-18

13

-19

30
36
44
36
47
36
50
40
36
33
44
30
40
40
-2
22
-12
-9
19
44
47

-12
-6

26
2

4.80
4.49NP
4.377P

4.35
3.94"P
3.73"P
4.18"P
3.927P

4.62
4.17"\P

5.18

5.17

4.89

4.29

4.10
4.401P
3.68"\P

5.24
4.53"\P
4.03/P
4.52\P
4.41"\P

6.41
3.58"P

6.09

5.69
5.78

1M
1172
12
66N**CA
21M
2172
31M
3112
31
3112
IAF*FCAT
IN*F*CA2
8IN**CAZ
66N*F*CA2
66NF*CAZ
8
812
9N
9Nn2
8M
21M
2112
3811
3812
14

-32 -33 16 3.36"P 8
19
9

DID-G, genuine/diagnosed dissociative identity disorder; CTRL, paired control group; DID-S, simulated dissociative identity disorder; BA, Brodmann area; X, Y, Z, Montreal Neurological Institute coordinates (mm); L/R, left/right side of the brain; T, t-value statistic; kE, cluster size in

voxels (one voxel is 26 262 mm).

A1, first peak voxel; A2, second peak voxel; A3, third peak voxel; A**c, 0.05 corrected for multiple comparisons at cluster level; Ac, cluster size obtained P = 0.005 uncorrected; A**, P = 0.05 corrected for multiple comparisons at peak level; A*P, also at 0.001 uncorrected for
multiple comparisons at peak level; AP, only at 0.005 uncorrected for multiple comparisons at peak level.
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Fig. 4 Neural correlates of the main effect of consciousness in dissociative identity disorder. L/R, Left/right side of the brain.

identity states showed differences only for the CTRL group, with
slower reaction times in the latter.

Post hoc emotional intensity assessment of the imaging data
showed increased activation in the bilateral superior frontal gyrus,
left middle frontal gyrus, bilateral precentral and postcentral gyrus,
left anterior insula, left superior parietal lobule, left supramarginal
gyrus, right superior and left middle/lateral occipital gyrus, right
cuneus and left calcarine sulcus, but only in the trauma-related
identity state (see supplementary Table 1). Increased activation in
the bilateral superior frontal gyrus, left middle and inferior frontal
gyrus, bilateral precentral gyrus, right postcentral gyrus, left
anterior insula, bilateral superior parietal lobule, bilateral precu-
neus, right lateral and left occipital gyrus and bilateral calcarine
sulcus was observed in the covert processing block. Decreased
activation in the trauma-avoidant identity state was shown in
the left occipital gyrus and right occipital gyrus/calcarine sulcus.
Decreased activation was found in the right superior frontal gyrus,
left middle frontal gyrus and right cuneus/calcarine sulcus in
the overt processing block (see supplementary Table 1 and
Appendix B of the supplementary materials).

Between-group comparisons

Behavioural data revealed no between-group differences in reaction
times between the two word types (F(1)=0.039, P=0.845,
npz =0.001). However, significant differences were shown between
the overt and covert processing blocks, and between the trauma-
avoidant and -related identity states (see Table 1). Post hoc pairwise
comparisons showed slower reaction times for DID-G participants
compared with the CTRL and DID-S groups. Slower reaction times
were found for overt processing and trauma-related identity state.

Neural activity comparisons between the DID-G and CTRL
groups showed increased activation in the left superior frontal gyrus
and left inferior temporal gyrus in the trauma-avoidant identity
state (see supplementary Table 1). In the trauma-related identity
state there was increased activation in the bilateral precentral gyrus,
bilateral postcentral gyrus, left supramarginal gyrus, right superior
occipital gyrus, right cuneus and left calcarine sulcus. Increased
activation was found in the right precentral gyrus in the overt
processing block, and in the bilateral superior frontal gyrus, left
inferior frontal gyrus, right postcentral gyrus and left lateral

occipital gyrus in the covert processing block. Decreased activation
was observed in the right middle temporal gyrus only in the
trauma-avoidant identity state. In the overt processing block,
decreased activation was found in the left middle frontal gyrus and
right superior parietal lobule/supramarginal gyrus.

Neural data comparisons between the DID-G and DID-S
groups showed increased activity in the bilateral superior and
middle frontal gyrus, bilateral precentral and postcentral gyrus,
bilateral superior parietal lobule, left supramarginal gyrus, bilateral
occipital gyrus, right superior and transverse temporal gyrus and
bilateral parahippocampal gyrus/frontal operculum, mainly in the
trauma-related identity state. In the covert processing block,
increased activation was observed in the right superior frontal
gyrus, left middle and inferior frontal gyrus, bilateral precentral
gyrus, right postcentral gyrus, left anterior insula, bilateral superior
parietal lobule/precuneus and left supramarginal gyrus/inferior
parietal lobule. Decreased activation was found in the left precentral
gyrus and right postcentral gyrus only in the trauma-avoidant
identity state. In the overt processing block, there was decreased
activation of the right superior frontal gyrus, left middle frontal
gyrus, right precentral gyrus, left precentral/postcentral gyrus, left
superior parietal lobule, left parietal operculum, left lateral occipital
gyrus/cuneus and right calcarine sulcus (see supplementary Table 1
and Appendix B of the supplementary materials).

Discussion

The present study aimed to investigate the effect of overt and covert
identity state-dependent processing of self-relevance knowledge in
participants with diagnosed DID, DID-simulating controls and a
paired group of PTSD and healthy controls. Our primary finding
was that there were significant differences between overt and covert
processing of self-relevant trauma-related words, with slower
reaction times and increased brain activation for overt processing.
Our second most important finding was that the elevated brain
activity observed during overt self-relevance processing was mainly
observed in the frontal gyrus in individuals with DID as compared
with DID simulators and the paired control group, and was
independent of dissociative identity state.


https://doi.org/10.1192/bjo.2025.10914
https://doi.org/10.1192/bjo.2025.10914
https://doi.org/10.1192/bjo.2025.10914
https://doi.org/10.1192/bjo.2025.10914
https://doi.org/10.1192/bjo.2025.10914
https://doi.org/10.1192/bjo.2025.10914
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Table 3 Self-relevance effect (St versus NSt): increased and decreased brain activation

Within-group Between-group
DID-G DID-G versus CTRL DID-G versus DID-S
L/R Brain region BA X Y Z TMP kErc X Y Z TAP KE~C X Y Z TMP  KEAC
Self-relevance effect (St versus NSt)
Increased brain activation between processing levels
TAIS
Cortical areas
L Inferior frontal gyrus BA 45 =57 19 12 3.72"P 45MAC
BA 45 —46 16 2 354°P 45/2AC
BA 44/45 -22 26 16 351MP 12
L Precentral gyrus BA 4 =57 =5 12 3477P 10
R Angular gyrus BA 39 55 —60 40 3.99AP 14M
BA 39 55 —-60 26 3.82°P 1472 58 —-60 26 3.28 P 8
R Cingulate gyrus BA 24 10 -12 33 459 16M
BA 24 13 =22 36 290"P 1672
R Insula BA 13 41 -12 12 3.38"P 9
L Superior parietal lobule BA 5 -15 -33 44 410 8
BA 7 -18 =64 40 3.73’P  39°C
L Inferior parietal lobule/angular BA 39 -60 —46 22 471 18M
gyrus
BA 39 -50 -43 22 3.69°P 1812
R Lingual gyrus BA 18 10 =71 2 405 14
L Middle temporal gyrus BA 21 -60 -64 8 496 8
L Transverse temporal gyrus BA 41 -36 -39 8 462 "
Subcortical
areas
R Caudate nucleus (dorsal part) 24 -33 22 400°P 9
TRIS
Cortical areas
L Superior frontal gyrus/frontal BA 6 -57 9 -2 403AP 8 41 -1 36 335°P 9
operculum
R Superior parietal lobule BA 7 2 -74 58 4.46NP 15
R Angular gyrus BA 39 48 —46 19 414°P 9
L Middle temporal gyrus BA 21 —-64 46 5 4.69 9
R Middle cingulate gyrus BA 24 2 -12 36 448 15M -4 -15 44 453 25/¢
L Cingulate gyrus BA 24 -12 -12 33 3.92/P 152
BA 30 -18 —-46 2 435°P 16
Subcortical
areas
n.s.
Increased brain activation between identity states
Overt processing
Cortical areas
L Inferior frontal gyrus BA 44 -60 16 16 394 14
BA 44 -43 5 12 375/P 8
R Precentral gyrus BA 4/6 30 -5 33 392 13
R Angular gyrus BA 39 52 -60 30 4.05 22
R Tranverse temporal gyrus/ BA 41 38 -33 8 3.63°"P 15M
Heschl gyrus
L Precuneus BA 31 -8 —53 26 3.60"P 10
R Cingulate gyrus BA 32 24 40 8 352/AP 972 10 33 16 421  4072°C
Subcortical
areas
R Caudate nucleus (dorsal part) 16 26 16 403 P 9M 20 33 12 472 40MAC
24 23 22 400 40M3~C
R Thalamus 27 =26 8 303 P 152
20 =29 12 3.01MP 1573
Covert processing
Cortical areas
L Hippocampal gyrus BA 30 -22 -39 8 439" 10
L Superior temporal gyrus BA 22 -50 5 -6 497 8
L Fusiform gyrus BA 37/17 -32 -53 -2 3377P 8
Subcortical
areas
L Caudate nucleus (dorsal part) -22 9 22 3.68MP 8
Decreased brain activation between processing levels
TAIS
Cortical areas
R Superior frontal gyrus BA 8 13 44 44 500 113MA**C
L Superior frontal gyrus BA 8 -8 26 44 445 113M2A*EC
BA 8 -8 19 50 402 113A3rFEC
R Dorsolateral prefrontal cortex BA 9 16 44 40 4.81 12
R Postcentral gyrus BA 1/3 52 -15 36 398\P 14
L Precentral gyrus BA 4 —-43 =12 26 472 10

(Continued)
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Table 3 (Continued)

Within-group Between-group
DID-G DID-G versus CTRL DID-G versus DID-S
L/R Brain region BA X Y Z TMP kErc X Y Z TA*P KE~C X Y Z TMP  KEAC
Subcortical
areas
n.s.
TRIS
Cortical areas
R Superior frontal gyrus BA 6/8 16 19 61  4.65 8
R Middle frontal gyrus BA 8 30 23 54 540 8
L Middle frontal gyrus BA 10 -40 44 22 372~P 9
L Inferior frontal gyrus BA 44 -40 12 19 508 12 —40 12 19 343°P 2612
BA 44 —-43 5 16 363" 26M
L Inferior frontal sulcus -32 9 22 3297P 2613
R Inferior parietal lobule/angular BA 39 52 -71 33 450°P 8
gyrus
R Parahippocampal gyrus/frontal ~ BA 30 30 -33 5 338'P 9
operculum
L Cingulate gyrus BA 23 -4 -53 30 4.6 17
Subcortical
areas
R Putamen 30 =15 =2 3.61MP 14M
27 =8 2 347°P 1472
Decreased brain activation between identity states
Oovert processing
Cortical areas
R Middle frontal gyrus BA 9 48 26 40 3.24°P 9
L Lingual gyrus BA 19 -15 -53 -2 43%P 12
L Inferior temporal gyrus BA 37 —46 —-64 -2 3.06NP  8N2
L Fusiform gyrus BA 37 -50 -53 -6 3.84 8N
L Calcarine sulcus BA 17 -26 =81 2 379°P "
Subcortical
areas
ns.
Covert processing
Cortical areas
L Superior frontal gyrus BA 8 2 26 50 473 14M
BA 8/6 10 19 47 4147P 1412
L Middle frontal gyrus BA 8 -50 16 40 493 13
L Inferior frontal gyrus BA 44 -43 12 5 567 32/C
L Superior parietal lobule/ BA 7 -12 -53 61 354 15
precuneus
L Calcarine sulcus BA 17 -22 =71 8 528 8 -22 -71 8 508 15 -18 -74 8 389 9
Subcortical
areas
L Brain stem -1 =26 -9 451 12
L/R, left/right side of the brain; BA, Brodmann area; DID-G, genuine/diagnosed dissociative identity disorder; CTRL, paired control group; DID-S, dissociative identity disorder-simulating
controls; KE, cluster size in voxels (one voxel is 26 262 mm); (X, Y, Z), Montreal Neurological Institute coordinates (mm); T, t-value statistic; St, self-relevant trauma-related stimuli; NSt, non-
self-relevant trauma-related stimuli; TAIS, trauma-aware identity state; TRIS, trauma-related identity state; n.s., no significance.
A1, first peak voxel; A2, second peak voxel; A3, third peak voxel. A**c, 0.05 corrected for multiple comparisons at cluster level; Ac, cluster size obtained P = 0.005 uncorrected; A**, P =0.05
corr‘?fg\a/gl for multiple comparisons at peak level; A*P, also at 0.001 uncorrected for multiple comparisons at peak level; AP, only at 0.005 uncorrected for multiple comparisons at
peal .

With regard to the overall effect of consciousness in the
trauma-avoidant identity state of individuals with DID, the
behavioural data show significantly slower reaction times in overt
processing compared with covert which, paired with the increased
frontal and parietal brain activation, indicates heightened cognitive
involvement when consciously perceiving self-relevant words.
Although the current findings support previous research proposing
increased cognitive control and inter-identity avoidance in the
trauma-avoidant identity state of DID,>>>%23 they are at odds with
other studies. In particular, a study by Hermans and colleagues®
showed faster response times to emotional stimuli covertly
presented in individuals diagnosed with DID in the trauma-
avoidant identity state, and slower response times in their trauma-
aware identity state, in direct contrast with the response patterns of
the included control groups.”® Moreover, a study by Schlumpf and
colleagues'® found longer reaction times to masked neutral faces for
participants with DID when they were in a trauma-aware identity
state as compared with when in a trauma-avoidant identity state.

Lebois and colleagues®® used a mirror confrontation task and found
that individuals with DID demonstrated reduced self-relevance
ratings of their own face when presented covertly, as compared with
control participants. The discrepancy of our findings relative to
prior research could be attributed to methodological differences —
that is, the subject-specific nature of the words used in our study as
compared with standardised!®!*?> and individualised'® facial
stimuli. Furthermore, Lebois and colleagues'® did not investigate
the effect of distinct dissociative identity states on participants’ face
perception. Nevertheless, our outcomes complement all aforemen-
tioned studies by emphasising the central role of consciousness of
self-relevance and emotional perception in individuals with DID.

Results from our brain imaging data further support overt and
covert processing differences, especially through the activation of
frontal parts of the brain. Earlier imaging and electroencephalogra-
phy studies have indicated marked neural response differences in
relation to overt and covert processing between individuals with
DID and healthy or simulating controls!®? in the frontal,



precentral, temporal and occipital gyri. Similarly, research on overt
and covert processing in PTSD and its dissociative subtype reported
significant differences in brain activation patterns following
participants’ exposure to masked and unmasked emotional faces?®
or general images.”” In accordance with our findings, overt
exposure to emotional stimuli in PTSD showed increased activity
in frontal regions, including the bilateral basal forebrain and bilateral
supplementary motor area.?® Studies with PTSD participants have
also demonstrated decreased activation of the medial prefrontal
cortex,?® which encompasses regions corresponding to our findings
such as the superior and middle frontal gyri. Furthermore, covert
exposure to emotional images and trauma-related words showed
increased activation in the visual cortex,?’ including the occipital
gyrus and calcarine sulcus, which is in agreement with our results.
For further discussion of individual brain regions please refer to
Appendix B of the supplementary materials.

Our outcome of frontal brain activity, paired with the increased
activation in the intraparietal sulcus and parietal regions,
corresponds with the frontoparietal network model, which has
been implicated in cognitive control mechanisms** including
working memory processes.!” Notably, the frontal and parietal
regions have also been associated with working memory and
attention,®® further underlining their central role in cognitive
processes. Increased frontal and parietal activity has further been
observed in studies of PTSD?! and complex PTSD.?? Reinders and
colleagues* also proposed similar areas as a PTSD-based
neurobiological model of DID with a strong involvement of
parietal regions, in particular the intraparietal sulcus, which has
also been confirmed by more recent research.> Current outcomes
further support this notion of increased cognitive control over, and
mental avoidance of, trauma-related knowledgez'32 in the trauma-
avoidant identity state*>*>®23 leading to increased reaction time to
trauma-related words.

The frontal lobe, and particularly the prefrontal cortices, have
also been implicated in another PTSD-based neurobiological model
previously proposed, the corticolimbic inhibition network.>?*33
Specifically, this model proposes that, especially in the dissociative
subtype of PTSD, emotional arousal leads to increased activation of
the prefrontal cortex which, in turn, inhibits the activation of limbic
structures such as the hippocampus and amygdala, thus reducing the
emotional experience.>* Moreover, morphological abnormalities in
the hippocampal area have previously been observed in individuals
diagnosed with DID and associated with childhood maltreatment
and dissociative symptomatology.!® Our results corroborate these
previous findings because they show that the hippocampus was
activated in the trauma-related identity state of participants with
DID. Higher neural activation was also detected in the right
parahippocampal gyrus in the trauma-related identity state, in line
with earlier studies.® Contrary to that model’s proposal of decreased
activity in the insula,****** our findings show increased insula
activation, supporting the majority of literature findings, as reported
in the systematic review by Roydeva and Reinders.*

The outcomes of the current study hold significant clinical
implications for the therapeutic treatment of DID, and provide
valuable insights for future research in this field. As indicated by
our findings, increased cognitive control during overt processing in
the trauma-avoidant identity state indicates a way in which
individuals with DID process trauma-related information, and
highlights that interventions for DID could initially focus on
addressing this cognitive avoidance.”> Moreover, our findings
corroborate earlier outcomes on the neural biomarkers of DID*
and support PTSD-based neurobiological models,*>*?*3 which
emphasise the trauma-related nature of DID? and, ultimately, the
trauma-informed practices that clinicians should adopt in their
assessments and interventions. In particular, approaches such as

Overt and covert processing of information in dissociative identity disorder

repetitive transcranial magnetic stimulation>*** have previously
been proposed for the treatment of disorders with increased
frontoparietal activity. Real-time fMRI neurofeedback training has
also been recommended as an intervention for emotion regulation,
through activation modulation of the frontoparietal network.*
Although research is limited, this intervention’s effectiveness has
been shown in studies including individuals with the dissociative
subtype of PTSD.7* We suggest that future studies should
investigate the efficacy of neurofeedback in altering the activation of
the frontoparietal network in individuals diagnosed with DID.

The strength of our research study is the implementation of an
event-related design while displaying trauma-related words rather
than scripts (as in script-driven imagery studies’~>??), which is
more efficient in detecting transient neural responses in functional
brain imaging studies. Another important strength of our study is
the inclusion of multiple control groups, which allowed us to
compare distinct brain activation patterns between diagnosed DID
subjects and clinically healthy and simulating populations.

A limitation of our study is that our sample could be considered
small, with limited statistical power. However, our sample is of
similar size to others in the field and yielded significant outcomes.
Furthermore, we used subject-specific self-relevant and trauma-
related stimuli rather than standardised ones, which counteracts the
limited sample size through the individualised investigation of our
participants’ unique experiences. Lastly, the consistency of our
findings with prior research in independent samples further affirms
the validity of our outcomes (see also?). Another limitation of our
study is that our specific design does not inform on intrusive
phenomena in DID, but was tailored to explore behavioural and
neural responses to self-relevant trauma-related knowledge. Future
research should disentangle the issue of whether mental avoidance
is relevant only to such material®® or whether it is an escape from an
identity state, because identity states may be ‘phobic’ to each
other.*® The results of such a study might offer further convergence
on treatment recommendations.

In conclusion, our study reaffirms previous findings showing
that overt self-relevance processing is characterised by slower
reaction times and increased brain activity than covert processing,
emphasising heightened cognitive control in the trauma-avoidant
identity state of individuals with DID. This is mediated by increased
activation of frontoparietal regions, associated with emotional
memory suppression or avoidance, and the inhibition of limbic
structures involved in emotional processing. These regions have
also been highlighted in PTSD and therewith corroborate the
notion that DID is a trauma-based disorder. Our study further
emphasises that individuals with DID engage in activation of the
frontoparietal network as a mechanism for mitigating the
emotional impact of overtly presented subject-specific, trauma-
related words, suggesting a neurobiological coping mechanism to
manage severe trauma-related situations.

Aikaterini I. Strouza (12}, Department of Psychological Medicine, Institute of
Psychiatry, Psychology & Neuroscience, King's College London, London, UK; and
Department of Psychiatry, Amsterdam UMC, VU University Amsterdam, Amsterdam, The
Netherlands; Andrew J. Lawrence, Department of Psychological Medicine, Institute of
Psychiatry, Psychology & Neuroscience, King's College London, London, UK;

Lora I. Dimitrova, Department of Psychological Medicine, Institute of Psychiatry,
Psychology & Neuroscience, King's College London, London, UK; and Department of
Psychiatry, Amsterdam UMC, VU University Amsterdam, Amsterdam, The Netherlands;
Eline M. Vissia, Heelzorg, Centre for Psychotrauma, Zwolle, The Netherlands;

Sima Chalavi, Movement Control and Neuroplasticity Research Group, Department of
Movement Sciences, KU Leuven, Leuven, Belgium; Dick J. Veltman, Department of
Psychiatry, Amsterdam UMC, VU University Amsterdam, Amsterdam, The Netherlands;
Antje A. T. S. Reinders (), Department of Psychological Medicine, Institute of
Psychiatry, Psychology & Neuroscience, King's College London, London, UK

Correspondence: Antje A. T. S. Reinders. Email: a.a.t.s.reinders@kcl.ac.uk

First received 28 May 2025, final revision 10 Oct 2025, accepted 27 Oct 2025

11


https://doi.org/10.1192/bjo.2025.10914
https://orcid.org/0000-0002-6030-1476
https://orcid.org/0000-0002-7987-1532
mailto:a.a.t.s.reinders@kcl.ac.uk

Strouza et al

12

Supplementary material

The supplementary material is available online at https://doi.org/10.1192/bj0.2025.10914

Data availability

The data that support the findings of this study are available from the corresponding author,
AATSR., upon reasonable request.

Acknowledgements

Valerie Sinason, Founder and Former Director of the Clinic for Dissociative Studies, is
acknowledged for support. The authors also thank Drs Nel Draijer and Ellert Nijenhuis for
participant inclusion, as well as all the participants and their therapists.

Author contributions

A.LS.: writing of the original and all subsequent drafts, methodology design, data curation,
analysis and interpretation. A.J.L.. methodology design, data curation and analysis. L.I.D.
methodology design, data interpretation, draft reviewing and editing. E.M.V.; data curation,
draft reviewing and editing. S.C.: data curation, draft reviewing and editing. D.J.V.: work
supervision, draft reviewing and editing. A AT.S.R.. work conception and supervision, draft
reviewing and editing, data and funding acquisition, data interpretation, final approval of the
version to be published.

Funding

This paper represents independent research part-funded by the National Institute for Health
Research (NIHR) Biomedical Research Centre at South London and Maudsley National Health
Service (NHS) Foundation Trust and King's College London. The authors thank The International
Society for the Study of Trauma and Dissociation for support from their Education and
Research Fund. AA.T.S.R. and this research were supported by the Netherlands Organisation
for Scientific Research (www.nwo.nl), grant no. 451-07-009. The views expressed are those of
the author(s) and not necessarily those of the NHS, NIHR or the Department of Health and
Social Care.

Declaration of interest

None.

References

N

Nijenhuis ERS. The Trinity of Trauma: Ignorance, Fragility, and Control:
The Evolving Concept of Trauma/The Concept and Facts of Dissociation in
Trauma. Vandenhoeck & Ruprecht, 2015.

N

Dimitrova LI, Lawrence AJ, Vissia EM, Chalavi S, Kakouris AF, Veltman DJ, et al.
Inter-identity amnesia in dissociative identity disorder resolved: a behavioural
and neurobiological study. J Psychiatr Res 2024; 174: 220-9.

Reinders AATS, Willemsen ATM, Vos HPJ, den Boer JA, Nijenhuis ERS. Fact or
factitious? A psychobiological study of authentic and simulated dissociative
identity states. PLOS One 2012; 7: €39279.

Reinders AATS, Willemsen ATM, den Boer JA, Vos HPJ, Veltman DI,
Loewenstein RJ. Opposite brain emotion-regulation patterns in identity states
of dissociative identity disorder: a PET study and neurobiological model.
Psychiatry Res 2014; 223: 236-43.

Reinders AATS, Nijenhuis ERS, Paans AMJ, Korf J, Willemsen ATM, Den Boer JA.
One brain, two selves. Neuroimage 2003; 20: 2119-25.

Reinders AATS, Dimitrova LI, Schlumpf YR, Vissia EM, Dean SL, Jancke L, et al.
The elusive search for a biomarker of dissociative amnesia: an overstated
response to understated findings? Psychol Med 2022; 52: 2837-45.

Dorahy MJ. Subjective amnesia in dissociative identity disorder: a dual path
model drawing on metacognitive beliefs related to self and memory
functioning. In Dissociation and the Dissociative Disorders: Past, Present,
Future (eds MJ Dorahy, SN Gold, JA O’Neil): 643-58. Taylor and Francis, 2022.

Reinders AATS, Willemsen ATM, Vissia EM, Vos HPJ, den Boer JA, Nijenhuis
ERS. The psychobiology of authentic and simulated dissociative personality
states: the full monty. J Nerv Ment Dis 2016, 204: 445-57.

Vissia EM, Giesen ME, Chalavi S, Nijenhuis ERS, Draijer N, Brand BL, et al. IS it
trauma- or fantasy-based? Comparing dissociative identity disorder, post-
traumatic stress disorder, simulators, and controls. Acta Psychiatr Scand
2016; 134: 111-28.

10 Schlumpf YR, Nijenhuis ERS, Chalavi S, Weder EV, Zimmermann E, Luechinger
R, et al. Dissociative part-dependent biopsychosocial reactions to backward
masked angry and neutral faces: an fMRI study of dissociative identity
disorder. Neurolmage Clin 2013; 3: 54-64.

w

k-

(3,

o

~N

o

o

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Lebois LAM, Palermo CA, Scheuer LS, Lebois EP, Winternitz SR, Germine L,
et al. Higher integration scores are associated with facial emotion perception
differences in dissociative identity disorder. J PSychiatr Res 2020; 123: 164-70.

Schéflein E, Mertens YL, Lejko N, Beutler S, Sattel H, Sack M. Altered frontal
electroencephalography as a potential correlate of acute dissociation in
dissociative disorders: novel findings from a mirror confrontation study.
BJPsych Open 2022; 8: 196.

Lebois LAM, Wolff JD, Hill SB, Bigony CE, Winternitz S, Ressler KJ, et al.
Preliminary evidence of a missing self bias in face perception for individuals
with dissociative identity disorder. J Trauma Dissoc 2019; 20: 140-64.

Daselaar SM, Fleck MS, Cabeza R. Triple dissociation in the medial temporal
lobes: recollection, familiarity, and novelty. J Neurophysiol 2006; 96: 1902-11.

Chalavi S, Vissia EM, Giesen ME, Nijenhuis ERS, Draijer N, Barker GJ, et al.
Similar cortical but not subcortical gray matter abnormalities in women with
posttraumatic stress disorder with versus without dissociative identity
disorder. Psychiatry Res Neuroimag 2015; 231: 308-19.

Chalavi S, Vissia EM, Giesen ME, Nijenhuis ERS, Draijer N, Cole JH, et al.
Abnormal hippocampal morphology in dissociative identity disorder and post-
traumatic stress disorder correlates with childhood trauma and dissociative
symptoms. Hum Brain Mapp 2015; 36: 1692-704.

Strouza Al, Lawrence A, Vissia EM, Kakouris A, Akan A, Nijenhuis ERS, et al.
Identity state-dependent self-relevance and emotional intensity ratings of
words in dissociative identity disorder: a controlled longitudinal study. Brain
Behav 2023; 13: €3208.

Strouza Al, Vissia EM, Schlumpf YR, del Marmol E, Nijenhuis ERS, Draijer N,
et al. Clinical, cognitive, creativity and cultural measures in dissociative
identity disorder: a controlled study. Psychiatry Res 2025; 348: 116407.

Vissia EM, Lawrence AJ, Chalavi S, Giesen ME, Draijer N, Nijenhuis ERS, et al.
Dissociative identity state-dependent working memory in dissociative identity
disorder: a controlled functional magnetic resonance imaging study. BJPSych
Open 2022; 8: e82.

Reinders AATS, Marquand AF, Schlumpf YR, Chalavi S, Vissia EM,
Nijenhuis ERS, et al. Aiding the diagnosis of dissociative identity disorder:
pattern recognition study of brain biomarkers. Br J Psychiatry 2019; 215:
536-44.

Reinders AATS, Chalavi S, Schlumpf YR, Vissia EM, Nijenhuis ERS, Jancke L,
et al. Neurodevelopmental origins of abnormal cortical morphology in
dissociative identity disorder. Acta Psychiatr Scand 2018; 137: 157-70.

Whelan R. Effective analysis of reaction time data. Psychol Record 2008; 58:
475-82.

Reinders AATS, Nijenhuis ERS, Quak J, Korf J, Haaksma J, Paans AMJ, et al.
Psychobiological characteristics of dissociative identity disorder: a symptom
provocation study. Biol PSychiatry 2006; 60: 730-40.

Bennett CM, Wolford GL, Miller MB. The principled control of false positives in
neuroimaging. Soc Cogn Affect Neurosci [Internet] 2009; 4: 417-22.

Hermans EJ, Nijenhuis ERS, Van Honk J, Huntjens RJC, Van Der Hart O. Identity
state-dependent attentional bias for facial threat in dissociative identity
disorder. Psychiatry Res 2006; 141: 233-6.

Rabellino D, Densmore M, Frewen PA, Théberge J, Lanius RA. The innate alarm
circuit in post-traumatic stress disorder: conscious and subconscious
processing of fear- and trauma-related cues. Psychiatry Res Neuroimag
2016; 248: 142-50.

Hendler T, Rotshtein P, Yeshurun Y, Weizmann T, Kahn |, Ben-Bashat D, et al.
Sensing the invisible: differential sensitivity of visual cortex and amygdala to
traumatic context. Neuroimage 2003; 19: 587-600.

Shin LM, Wright CI, Cannistraro PA, Wedig MM, McMullin K, Martis B, et al.
A functional magnetic resonance imaging study of amygdala and medial
prefrontal cortex responses to overtly presented fearful faces in posttrau-
matic stress disorder. Arch Gen Psychiatry 2005; 62: 273-81.

Marek S, Dosenbach NUF. The frontoparietal network: function, electrophysi-
ology, and importance of individual precision mapping. Dialogues Clin
Neurosci 2018; 20: 133-41.

LiS, CaiY, LiuJ, Li D, Feng Z, Chen C, et al. Dissociated roles of the parietal and
frontal cortices in the scope and control of attention during visual working
memory. Neuroimage 2017; 149: 210-9.

Weber DL, Clark CR, McFarlane AC, Moores KA, Morris P, Egan GF.
Abnormal frontal and parietal activity during working memory updating
in post-traumatic stress disorder. Psychiatry Res Neuroimag 2005; 140:
27-44.

Breukelaar IA, Antees C, Grieve SM, Foster SL, Gomes L, Williams LM, et al.
Cognitive control network anatomy correlates with neurocognitive behavior:
a longitudinal study. Hum Brain Mapp 2017; 38: 631-43.

Lebois LAM, Ross DA, Kaufman ML. The neuroscience of dissociative identity
disorder. Biol Psychiatry 2022; 91: e11-3.


https://doi.org/10.1192/bjo.2025.10914
www.nwo.nl

34

35

36

37

Lanius RA, Vermetten E, Loewenstein RJ, Brand B, Schmahl C, Bremner D,
et al. Emotion modulation in PTSD: clinical and neurobiological evidence for a
dissociative subtype. Am J Psychiatry 2010; 167: 640-7.

Roydeva MI, Reinders AATS. Biomarkers of pathological dissociation:
a systematic review. Neurosci Biobehav Rev 2021; 123: 120-202.

Garrison JR, Saviola F, Morgenroth E, Barker H, Lihrs M, Simons JS, et al.
Modulating medial prefrontal cortex activity using real-time fMRI neurofeed-
back: effects on reality monitoring performance and associated functional
connectivity. Neuroimage 2021; 245: 118640.

Nicholson AA, Rabellino D, Densmore M, Frewen PA, Paret C, Kluetsch R, et al.
The neurobiology of emotion regulation in posttraumatic stress disorder:

38

39

40

Overt and covert processing of information in dissociative identity disorder

amygdala downregulation via real-time fMRI neurofeedback. Hum Brain Mapp
2017; 38: 541-60.

Panisch LS, Hai AH. The effectiveness of using neurofeedback in the treatment
of post-traumatic stress disorder: a systematic review. Trauma Violence
Abuse 2020; 21: 541-50.

Daniels JK, Hegadoren K, Coupland NJ, Rowe BH, Neufeld RWJ, Lanius RA.
Cognitive distortions in an acutely traumatized sample: an investigation of
predictive power and neural correlates. PSychol Med 2011; 41: 2149-57.

Sar V. Parallel-distinct structures of internal world and external reality:
disavowing and re-claiming the self-identity in the aftermath of trauma-
generated dissociation. Front Psychol 2017; 8: 216

13



	Overt and covert processing of self-relevance information in dissociative identity disorder: controlled fMRI study
	Outline placeholder
	Aims and hypotheses

	Method
	Participants
	Materials and procedure
	Word lists
	Brain imaging task description

	Data analyses
	Behavioural data
	Neuroimaging data


	Results
	Demographics
	Behavioural and brain imaging data
	Main effect of consciousness

	Self-relevance effect: self-relevant trauma-related versus NSt words
	Within-group comparisons
	Between-group comparisons

	Emotional intensity effect: NSt versus NSn words
	Within-group comparisons
	Between-group comparisons


	Discussion
	Supplementary material
	Data availability
	Acknowledgements
	Author contributions
	Funding
	Declaration of interest
	References


