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Key Points

Question Dissociative experiences are common across healthy and psychiatric populations, but it is
unclear whether transdiagnostic biomarkers of dissociative traits exist.

Findings We used a data-driven dimensional approach on a large neuroimaging dataset (N=148) with
heathy and personality disorder subjects. We identified a significant transdiagnostic association
between trait dissociation and global connectivity of the orbitofrontal and inferior temporal cortices.

Meaning The relationship between global brain connectivity and trait dissociation across healthy and
patient groups in our data supports the view that dissociation is a transdiagnostic phenomenon with a
common neural basis across populations.

Abstract

Importance Dissociation is a clinical phenomenon wherein the normal continuity between aspects of
consciousness and experience is disrupted. Pathological dissociative symptoms are present in a number
of psychiatric disorders, yet the brain bases of dissociation have primarily been examined within single
disorders and findings do not converge across study samples.

Objective To investigate the shared neural underpinnings of dissociation across healthy and clinical
populations.

Design This is a cross-sectional study using resting state functional magnetic resonance imaging (fMRI)
scans and self-report questionnaires.

Setting Patients with personality disorders were recruited through referrals from mental health services
across five London boroughs in the United Kingdom. Healthy controls were also recruited from the
London area. Imaging data were collected on Siemens MAGNETOM Trio MRI systems in the Wellcome
Trust Centre for Human Neuroimaging at University College London.

Participants A total of 203 participants, including healthy controls as well as individuals with Borderline
Personality Disorder (BPD) and Antisocial Personality Disorder (ASPD) were screened using Structured
Clinical Interview for DSM-IV Axis Il Diagnoses. 148 participants entered the final data analysis after
screening for data availability and quality.

Main Outcome(s) and Measure(s) Global connectivity during resting-state fMRI across the whole-brain
in healthy and in patients with BPD and ASPD. Trait dissociation as measured by unidimentional
Dissociative Experience Scale (DES).

Results Our large dataset (n=148) included 58 heathy controls (mean [SD] age, 27.36 [9.94] years; mean
[SD] DES score, 13.48 [11.23]; 23 men [39.7%]), 83 BPD (30.15 [9.70] years; DES score, 32.78 [18.87]; 12
men [14.4%]) and 7 ASPD (27.14 [10.25] years; DES score, 41.84 [25.93]; 7 men [100%]) patients. Our
primary analyses identified associations between DES score and centrality in right orbitofrontal and left
inferior temporal regions. Exploratory analyses using these two regions as seed-regions further revealed
that functional connectivity between the orbitofrontal locus and retrosplenial cortex was negatively
related to DES score, while connectivity between the orbitofrontal region and other default mode
regions was positively related to DES score.



Conclusions and Relevance These findings converge with previous studies focused on individual
populations and suggest that these brain biomarkers represent transdiagnostic markers of dissociation.



Introduction

Dissociation is a clinical phenomenon wherein the normal continuity between aspects of consciousness
and experience is disrupted. This can include “disruption of and/or discontinuity in the normal
integration of consciousness, memory, identity, emotion, perception, body representation, motor
control, and behavior”". Dissociation is common across psychiatric disorders, with highest prevalence in
people with Dissociative Identity Disorder (DID), Post Traumatic Stress Disorder (PTSD), and Borderline
Personality Disorder (BPD)?

There are multiple risk factors for dissociation; trauma is one of the best-validated®. History of childhood
abuse increases the likelihood of adult dissociative symptoms, especially longer duration abuse by
primary caregivers®. Alterations in cortical excitatory-inhibitory balance have also been implicated
through neuropsychopharmacology in healthy and clinical patients; reduced GABAergic tone combined
with serotonergic stimulation provokes dissociative symptoms in the laboratory”.

Dissociative symptoms can be reliably measured using self-report and interview measures built to
capture the transdiagnostic and dimensional nature of dissociation®®. For example, many people have
had the experience of becoming so absorbed in a book or movie that they didn’t hear someone calling
from the next room. Fewer people have experienced floating above their own body or finding unfamiliar
clothes in their closet. The most commonly used trait dissociation scale, the Dissociative Experience
Scale, measures the frequency of a wide range of more and less pathologic dissociative experiences to
capture the full range of dissociation along a unidimensional construct?®.

Neuroimaging studies have identified many different candidate brain biomarkers of pathological
dissociation by examining differences between highly symptomatic clinical and healthy control subjects’.
In this work, we instead adopted a dimensional approach to identify neural biomarkers that vary
continuously with degree of trait dissociation in a large cohort including people with and without
psychiatric diagnosis.

Over the past several decades, resting state fMRI has proven a powerful tool for uncovering aberrant
intrinsic brain dynamics in mental illnesses, and has yielded some successes toward identifying the
network bases of dissociation'"**. Using a whole-brain data-driven approach, the current study sought
to investigate how trait dissociation is related to resting state functional connectivity in a large
transdiagnostic sample. We used degree centrality (DC), a graph theory based measurement of intrinsic
connectivity, as the primary outcome measure. We further probed the brain pathways associated with
trait dissociation by using the brain structures identified in DC analysis as seed-regions in an exploratory
follow-up analysis. In light of evidence for the roles of orbitofrontal cortex (OFC)*" and deep
posteromedial cortex function in dissociation®*, we expected to see associations between dissociation
score and connectivity measures in these two regions. Our cohort of healthy controls and patients with
the dissociation-associated disorders (i.e. BPD and antisocial personality disorder (ASPD)) robustly
samples participants across a broad range of trait dissociation levels.

Methods

Participants



Participants were drawn from a large research program designed to investigate neuroeconomic
behavior in BPD and ASPD compared to healthy participants®. Patients with personality disorders were
recruited across five London boroughs through referrals by clinicians, (trainee) clinical psychologists, and
care coordinators within medical care facilities supported by several London NHS Mental Health Trusts.
Healthy control participants were also recruited from the London area. Written informed consent was
obtained from the subjects before receiving the assessments using procedures approved by Research
Ethics Committee for Wales, 12/WA/0283.

Participants using non-prescribed substances were excluded. Structured Clinical Interview for DSM-IV
Axis Il Diagnoses (SCID I1)** was conducted by psychologists to confirm each patient’s referral diagnosis
or healthy control status.

From this large study involving several visits and multiple fMRI neuroimaging sessions, we identified 203
participants who completed both self-report scales and a resting state fMRI scan.

Self-reported dissociative symptoms

To quantify the extent of dissociative experiences in their daily lives, participants completed the
Dissociative Experience Scale (DES) which has shown high validity and reliability in both clinical and non-
clinical populations®, and has been used to measure dissociation in more than 100 studies. For 28 items,
respondents self-report the frequency of each experience from 0-100% of the time. The scale yields an
overall score (average of 28 items) and subscale scores for depersonalization, absorption, and amnesia.

Imaging

A five-minute resting state scan was performed following an fMRI task run with the order of the task
paradigms counterbalanced between participants. Participants were instructed to remain still with eyes
open and to let their mind wander. A visual stimulus (Microsoft Windows logo) was presented in the
center of the screen, and eye tracking was used to monitor wakefulness. See Supplement for imaging
parameters.

Calculation of global functional connectivity measurements

After preprocessing, global voxel-wise connectivity® was calculated from the resting state scans for the
degree centrality of each voxel in the whole brain network (see Supplement for details of preprocessing,
centrality calculation, and replication using a different threshold).

Group-level statistical analyses

Data-driven multiple regression analyses were performed in SPM12
(https://www.fil.ion.ucl.ac.uk/spm/software/spm12/) on the smoothed global connectivity maps to find
individual clusters of significant connectivity to dissociation total score.



https://www.fil.ion.ucl.ac.uk/spm/software/spm12/

The model controlled for age, gender, and scanning site. Whole-brain analyses were masked to exclude
voxels with > 30% probability of being CSF or skull in the default tissue probability map in SPM12.

In line with recent recommendations on controlling false-discovery rates in fMRI inferences®, a
parametric cluster inference method was applied to the t-maps using an initial threshold of p < .001 at
peak level (cluster-defining threshold), then correcting for family-wise errors (FWE) at cluster level.
Clusters surviving correction were considered significant and were reported with number of voxels and
peak coordinates in MNI space.

Exploratory seed and region-of-interest (ROI) analyses

To further reveal pair-wise functional connections related to dissociation, we conducted exploratory
seed analyses with seed-regions defined by the individual clusters that survived correction in the
primary analysis above. Multiple regression analysis was performed on the seed-based functional
connectivity maps for each seed-region with DES total score as the covariate of interest. Finally, for both
seed and global connectivity analyses, connectivity strength was extracted from each region that
survived correction for post-hoc linear regression analysis (details of exploratory analyses in
Supplement).

Results
Participants

After excluding participants missing DES (n=29), missing age or gender (n=2), or with max head
movements > 2 mm or > 2 degrees (n=24), 148 participants (58 HC, 83 BPD, 7 ASPD) were included in
formal data analyses. Average DES total score in BPD and ASPD here are similar to those in published
studies®* (Table 1). DES scores differed by group (F, 15 = 26.047, p < .001, Figure 1), with lower scores in
HCs than patients (Cohen d 1.12; 95% Cl, 0.84-1.55; p < .001) but no significant difference between
patient groups (p = .43).

Association between dissociation and global connectivity in the brain

Across all participants, multiple regression revealed significant positive association (prwe = .01) between
DES score and degree centrality of an orbitofrontal cluster extending into anterior cingulate cortex in the
right hemisphere (84 voxels; x-y-z: 24 33 -12, t = 5.28) with peak voxel located in Brodmann area (BA) 11
(Figure 2A). DES score also positively correlated with degree centrality of a cluster located in left inferior
temporal gyrus (ITG) which partly encompassed BA20 (prwe = .04, 61 voxels; x-y-z: -54 -33 -30, t = 4.59)
(Figure 2B). In a the same model with correlation threshold of r > 0.40 instead of r > 0.25, both OFC and
ITG clusters replicated, and a few new temporal and prefrontal clusters added to the map (prwe < .05 in
cluster level, Figure S1).

Exploratory analyses examining brain pathways associated with dissociation and its group differences



To further explore potential dissociation-related brain pathways involving OFC and ITG, we calculated
seed-based functional connectivity maps using the our two identified clusters. First, with the OFC seed-
region, functional connectivity between OFC and major default mode network (DMN) nodes other than
posterior cingulate cortex (medial prefrontal cortex and bilateral inferior parietal lobules) was positively
correlated with DES score. Meanwhile, connectivity between OFC and retrosplenial cortex (RSC) was
negatively correlated with DES score. Then, with the left ITG seed-region, interhemispheric connectivity
to a fusiform/parahippocampal gyrus cluster positively correlated with DES score (locations in Figure S2,
detailed information in Table S1.

For each of the above results, we conducted a post-hoc regression analysis to control for the effect of
group on DES score. In this model, all ROIs remained still highly significant predictors of DES score (Table
2), indicating the transdiagnostic nature of these results. Of note, degree centrality in OFC was a
significant predictor of DES score within each group, while connectivity between the ITG and left
fusiform also had at least trend-level significance within each group (Figure 3). See Table S2 for further
details of within-group significant results.

Discussion

To build on previous evidence linking dissociation to alterations in brain activity in specific populations,
we employed a transdiagnostic data-driven approach to examine which spontaneous brain connectivity
patterns are associated with dissociative traits, independent of clinical status. This approach revealed
associations between trait dissociation and global connectivity of OFC and ITG. Exploratory seed
analyses further revealed similar relationships between DES score and functional connectivity in
pathways connecting OFC to DMN regions as well as an ITG-fusiform pathway.

Our finding in OFC is consistent with evidence from other populations. For example, in a study of PTSD
patients, those with dissociative features had a higher mean amplitude of low-frequency fluctuations
(MALFF) in OFC than did non-dissociative patients®. Using multivariate pattern analysis, the same study
also found that mALFF in bilateral OFC played an important role in discrimination of dissociative type
PTSD from other PTSD and healthy subjects. OFC has been also implicated in depersonalization disorder
(DPD). Depersonalization is a type of dissociative experience characterized by discontinuity in self-
awareness®. A neurobiological model of DPD has suggested that increased alertness and reduced
arousal are related to dysfunctionally heightened top-down control of the insula and limbic structures
by the prefrontal cortex””®. Interestingly, a study comparing neural activity patterns in DPD patients to
control populations identified an area of the right ventrolateral prefrontal cortex proximal to the OFC
locus in our data that was activated in the DPD patients but not in control subjects in response to
aversive stimuli (Figure $3)%. Two subsequent transcranial magnetic stimulation (rTMS) studies in
patients with DPD targeted the same region, and were able to reduce depersonalization symptoms by
27.3%" and by 44%". Furthermore, in a different study of DPD patients receiving lamotrigine treatment,
another nearby area of ventrolateral prefrontal cortex (Figure $3) was identified as playing a potentially
inhibitory role on emotional response®. Taken together with our data, these findings highlight the role
of right ventrolateral prefrontal cortex in dissociation across clinical populations.

We also found a relationship between dissociative traits and the connectivity between OFC and several
DMN nodes, including mPFC and bilateral IPL, and a negative correlation between dissociative traits and



the connection between OFC and the retrosplenial cortex (RSC). Among the major large-scale brain
networks, DMN has been most consistently linked to dissociation®®%. A study investigating the brain
activity difference between BPD and healthy populations during exposure to painful stimulation
reported that expression of the independent component covering RSC during pain exposure was
correlated with both borderline symptoms and DES scores®™. Furthermore, a segregation between left
RSC and the rest of that DMN component was found in the BPD patients. This pattern bears an
interesting parallel to our finding that RSC connectivity to OFC had the inverse relationship to
dissociation as the other connections between DMN areas and the OFC. One possibility is that the
segregation of RSC from the rest of the DMN in patients with dissociation is mediated by these
connections with the OFC. Findings from a recent study that functional connectivity between DMN and
frontoparietal network is predictive for dissociation severity in women with PTSD similarly suggests an
important role of this inter-network connectivity in dissociative experiences®. Using intracranial EEG
recordings, the unique role of the RSC in dissociation was highlighted in a recent study that identified an
1-3 Hz rhythmic activity in this region which was associated with the onset of dissociative symptoms
during pre-seizure aura in a human patient with epilepsy®. One of the electrodes showing this pattern
was precisely homologous to the RSC cluster found in the current study (see Figure S4). Furthermore,
brief stimulation of the RSC electrodes replicated the patient’s pre-seizure dissociative experiences®.

Of note, others have linked OFC-limbic connections to trait dissociation and suggested that OFC
inhibition of limbic activity may lead to reduced emotional processing’. We did not replicate this link:
our findings instead suggest that OFC may play a role in dissociation by disrupting the internal
connectivity of the DMN and so altering self-referential processing. These roles for OFC in dissociation
may well both be relevant, but the present study (focused on trait, not present-moment dissociation)
provides direct support only for the latter. Some of these regions are associated with the DMN; we
(Fonagy et al.) have argued elsewhere that the DMN and its role in the mentalizing network could be
relevant to the senses of discontinuity and emptiness as they can occur in disorders with prominent
dissociative experiences®.

In addition to the OFC locus, our analysis also found an inferior temporal region in which global
connectivity was positively related to DES score. ITG activation during exposure to negative facial
expressions has been correlated with electrodermal activation in DPD patients®!. The correlation
between fusiform gyrus connectivity strength and trait dissociation found in the current dataset has
been previously observed in a BPD sample®. The implication of the ITG-fusiform pathway in relation to
dissociation is a novel finding in the existing body of literature and remains to be replicated and
potentially further investigated.

Limitations

The current study has some limitations that future work may address. There is a gender skew in our BPD
sample with 85.5% percent of the subjects being women, in line with typically observed clinical trial
samples of BPD***. Our results are driven primarily by patterns in the BPD and healthy control groups as
the ASPD group has a small sample size. The convergence of our findings with those of previous studies
in other disorders involving dissociation is encouraging, however, confirmation of these findings in other
populations is needed.



Marek et al. (2022) have recently raised concerns about the reproducibility of findings from brain-wide
association studies with samples smaller than 1000 participants®. Although these concerns clearly merit
close attention, our study differs from the Marek et al. work in several ways. The parcellation-based
approach used by Marek and colleagues discards a rich source information represented by the pattern
of activity within each parcellated region. In contrast, we used a voxel-wise analysis. Also our sample
was clinically-enriched rather than dimensional in the general population. Importantly, this study
capitalizes on one of the largest BPD neuroimaging datasests reported to date.

Conclusions

The current study found relevant functional connectivity patterns in the orbitofrontal cortex, and
exploratory analyses pointed also to connectivity in the retrosplenial cortices and other parts of the
DMN that were related to trait dissociation. Importantly, these correlation patterns remained significant
when controlling for group membership, and thus represent transdiagnostic brain markers for trait
dissociation.

Conflict of Interests
The authors have no conflict of interest to declare.
Funding/Support

This study was supported by Wellcome Trust Principal Research Fellowship, The Kane Family Foundation
(PRM), National Science Foundation and Virginia Tech. We thank the AE Foundation for support to ZZ,
MH, and SKF. This work was funded in part by the State of Connecticut, Department of Mental Health
and Addiction Services, but this publication does not express the views of the Department of Mental
Health and Addiction Services or the State of Connecticut. The views and opinions expressed are those
of the authors. Research reported in this publication was also supported by the National Institute of
Mental Health (NIMH) of the National Institutes of Health under award number K23MH123760 which
provided support for Dr. Fineberg's research-focused effort toward training in clinical research focused
on computational psychiatry and BPD and award number ROIMH115221 to Dr. King-Casas for studying
the neural basis of social dysfunctioning in people suffering from BPD. The content is solely the
responsibility of the authors and does not necessarily represent the official views of the National
Institutes of Health.



References

1.

10.

11.

12.

13.

14.

American Psychiatric Association. Diagnhostic and Statistical Manual of Mental Disorders. 5th ed.
American Psychiatric Association; 2013. doi:10.1176/appi.books.9780890425596

Lyssenko L, Schmahl C, Bockhacker L, Vonderlin R, Bohus M, Kleindienst N. Dissociation in
psychiatric disorders: A meta-analysis of studies using the dissociative experiences scale. Am J
Psychiatry. 2018;175(1):37-46. doi:10.1176/appi.ajp.2017.17010025

Krause-Utz A, Frost R, Chatzaki E, Winter D, Schmahl C, Elzinga BM. Dissociation in Borderline
Personality Disorder: Recent Experimental, Neurobiological Studies, and Implications for Future
Research and Treatment. Curr Psychiatry Rep. 2021;23(6):37. doi:10.1007/s11920-021-01246-8

Vonderlin R, Kleindienst N, Alpers GW, Bohus M, Lyssenko L, Schmahl C. Dissociation in victims of
childhood abuse or neglect: a meta-analytic review. Psychol Med. 2018;48(15):2467-2476.
doi:10.1017/50033291718000740

D’Souza DC, Gil RB, Zuzarte E, et al. y-Aminobutyric Acid-Serotonin Interactions in Healthy Men:
Implications for Network Models of Psychosis and Dissociation. Biol Psychiatry. 2006;59(2):128-
137. doi:10.1016/j.biopsych.2005.06.020

Bremner JD, Krystal JH, Putnam FW, et al. Measurement of dissociative states with the Clinician-
Administered Dissociative States Scale (CADSS). J Trauma Stress. 1998;11(1):125-136.
doi:10.1023/A:1024465317902

Stiglmayr C, Schmahl C, Bremner JD, Bohus M, Ebner-Priemer U. Development and Psychometric
Characteristics of the DSS-4 as a Short Instrument to Assess Dissociative Experience during
Neuropsychological Experiments. Psychopathology. 2009;42(6):370-374. doi:10.1159/000236908

Bernstein EM, Putnam FW. Development, reliability, and validity of a dissociation scale. J Nerv
Ment Dis. 1986;174(12):727-735. doi:10.1097/00005053-198612000-00004

Roydeva M, Reinders AATS. Biomarkers of Pathological Dissociation: A Systematic Review.
Neurosci Biobehav Rev. 2021;123(April 2020):120-202. doi:10.1016/j.neubiorev.2020.11.019

Woodward ND, Cascio CJ. Resting-State Functional Connectivity in Psychiatric Disorders. JAMA
Psychiatry. 2015;72(8):743. doi:10.1001/jamapsychiatry.2015.0484

Lebois LAM, Li M, Baker JT, et al. Large-Scale Functional Brain Network Architecture Changes
Associated With Trauma-Related Dissociation. Am J Psychiatry. 2021;178(2):165-173.
doi:10.1176/appi.ajp.2020.19060647

Schlumpf YR, Reinders AATS, Nijenhuis ERS, Luechinger R, Van Osch MJP, Jancke L. Dissociative
part-dependent resting-state activity in dissociative identity disorder: A controlled fMRI perfusion
study. PLoS One. 2014;9(6). doi:10.1371/journal.pone.0098795

Wolf RC, Sambataro F, Vasic N, et al. Aberrant connectivity of resting-state networks in
borderline personality disorder. J Psychiatry Neurosci. 2011;36(6):402-411.
doi:10.1503/jpn.100150

Buckner RL, Sepulcre J, Talukdar T, et al. Cortical Hubs Revealed by Intrinsic Functional
Connectivity: Mapping, Assessment of Stability, and Relation to Alzheimer’s Disease. J Neurosci.
2009;29(6):1860-1873. doi:10.1523/JINEUROSCI.5062-08.2009



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Sierra M. Depersonalization: A New Look at a Neglected Syndrome. Cambridge University Press;
2009. doi:10.1017/CBO9780511730023

Jay EL, Sierra M, Van Den Eynde F, Rothwell JC, David AS. Testing a neurobiological model of
depersonalization disorder using repetitive transcranial magnetic stimulation. Brain Stimul.
2014;7(2):252-259. doi:10.1016/j.brs.2013.12.002

Jay EL, Nestler S, Sierra M, McClelland J, Kekic M, David AS. Ventrolateral prefrontal cortex
repetitive transcranial magnetic stimulation in the treatment of depersonalization disorder: A
consecutive case series. Psychiatry Res. 2016;240:118-122. doi:10.1016/j.psychres.2016.04.027

Vesuna S, Kauvar | V., Richman E, et al. Deep posteromedial cortical rhythm in dissociation.
Nature. 2020;586(7827):87-94. doi:10.1038/s41586-020-2731-9

Kluetsch RC, Schmahl C, Niedtfeld I, et al. Alterations in default mode network connectivity
during pain processing in borderline personality disorder. Arch Gen Psychiatry. 2012;69(10):993-
1002. doi:10.1001/archgenpsychiatry.2012.476

Euler S, Nolte T, Constantinou M, Griem J, Montague PR, Fonagy P. Interpersonal problems in
borderline personality disorder: Associations with mentalizing, emotion regulation, and
impulsiveness. J Pers Disord. 2021;35(2):177-193. doi:10.1521/pedi_2019_33_427

First MB, Gibbon M, Spitzer RL, Williams JBW, Benjamin LS. Structured Clinical Interview for DSM-
IV® Axis li Personality Disorders SCID-1l. American Psychiatric Pub; 1997.

Zuo XN, Ehmke R, Mennes M, et al. Network centrality in the human functional connectome.
Cereb Cortex. 2012;22(8):1862-1875. doi:10.1093/cercor/bhr269

Eklund A, Nichols TE, Knutsson H. Cluster failure: Why fMRI inferences for spatial extent have
inflated false-positive rates. Proc Natl Acad Sci. 2016;113(28):7900-7905.
doi:10.1073/pnas.1602413113

Semiz UB, Basoglu C, Ebrinc S, Cetin M. Childhood trauma history and dissociative experiences
among Turkish men diagnosed with antisocial personality disorder. Soc Psychiatry Psychiatr
Epidemiol. 2007;42(11):865-873. doi:10.1007/s00127-007-0248-2

Nicholson AA, Densmore M, McKinnon MC, et al. Machine learning multivariate pattern analysis
predicts classification of posttraumatic stress disorder and its dissociative subtype: a multimodal
neuroimaging approach. Psychol Med. 2019;49(12):2049-2059. doi:10.1017/50033291718002866

Phillips ML, Medford N, Senior C, et al. Depersonalization disorder: Thinking without feeling.
Psychiatry Res - Neuroimaging. 2001;108(3):145-160. doi:10.1016/50925-4927(01)00119-6

Medford N, Sierra M, Stringaris A, Giampietro V, Brammer MJ, David AS. Emotional experience
and awareness of self: Functional MRI studies of depersonalization disorder. Front Psychol.
2016;7(JUN):1-15. doi:10.3389/fpsyg.2016.00432

Tursich M, Ros T, Frewen PA, Kluetsch RC, Calhoun VD, Lanius RA. Distinct intrinsic network
connectivity patterns of post-traumatic stress disorder symptom clusters. Acta Psychiatr Scand.
2015;132(1):29-38. doi:10.1111/acps.12387

Bluhm RL, Williamson PC, Osuch EA, et al. Alterations in default network connectivity in
posttraumatic stress disorder related to early-life trauma. J Psychiatry Neurosci. 2009;34(3):187-



30.

31.

32.

33.

34.

35.

194.

Luyten P, Fonagy P. The neurobiology of mentalizing. Personal Disord Theory, Res Treat.
2015;6(4):366-379. doi:10.1037/per0000117

Lemche E, Surguladze SA, Giampietro VP, et al. Limbic and prefrontal responses to facial emotion
expressions in depersonalization. Neuroreport. 2007;18(5):473-477.
doi:10.1097/WNR.0b013e328057deb3

Krause-Utz A, Veer IM, Rombouts SARB, Bohus M, Schmahl C, Elzinga BM. Amygdala and anterior
cingulate resting-state functional connectivity in borderline personality disorder patients with a
history of interpersonal trauma. Psychol Med. 2014;44(13):2889-2901.
do0i:10.1017/50033291714000324

Silberschmidt A, Lee S, Zanarini M, Charles Schulz S. Gender differences in borderline personality
disorder: Results from a multinational, clinical trial sample. J Pers Disord. 2015;29(6):828-838.
doi:10.1521/pedi_2014_28 175

Sansone RA, Sansone LA. Gender patterns in borderline personality disorder. Innov Clin Neurosci.
2011;8(5):16-20. doi:10.7202/032386ar

Marek S, Tervo-Clemmens B, Calabro FJ, et al. Reproducible brain-wide association studies
require thousands of individuals. Nature. 2022;(August 2020). doi:10.1038/s41586-022-04492-9



100 —

80 —
60 —

0
(@]
Q
(7)) o
@ 404 o
o
o N
20 | i
0- 24
| |
ASPD HC

Figure 1. Boxplot of the DES score in each participant group with the box
range from the first to the third quartile. Individual DES scores are denoted
with circles, and the median of each group is indicated by the solid lines
across the boxes. DES: Dissociative Experience Scale; ASPD: antisocial
personality disorder, in red; BPD: borderline personality disorder, in green;
HC: healthy controls, in blue.




Figure 2. Dissociation is positively correlated with the degree centrality in
orbitofrontal (Panel A) and inferior temporal regions (Panel B). Findings are
significant after whole-brain cluster correction.
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Figure 3. Linear relationships between DES score and intrinsic network measures of OFC (panel A-E) and
ITG (panel F and G) within each subject group. 95% confidence intervals and distributions of the
measurements are denoted with colored areas. DES: Dissociative Experience Scale; OFC: orbitofrontal
cortex; mPFC: medial prefrontal cortex; IPL: inferior parietal lobule; RSC: retrosplenial cortex; ITG: inferior
temporal gyrus; ASPD: antisocial personality disorder; BPD: borderline personality disorder; HC:healthy




Table 1. Demographic information and DES total score of each group

Group Age ,mean (SD) Sex DES, mean (SD)
ASPD 27.143 (10.254) 7/7 males 41.837 (25.925)
BPD 30.145 (9.697) 12/83 males 32.775 (18.866)
HC 27.362 (9.941) 23/58 males 13.479 (11.230)

Abbreviations: ASPD = antisocial personality disorder; BPD = borderline personality
disorder; HC = healthy controls; SD = standard deviation.

Table 2. Regression analyses controlling for group

Network measurement Coefficient Std. Error t p

Degree Centrality in OFC 25.405 5.297 4.796 <.001
Degree Centrality in ITG 17.038 4.509 3.778 <.001
OFC and RSC Connectivity -69.280 17.533 -3.951 <.001
OFC and Left IPL Connectivity 49.547 12.970 3.820 <.001
OFC and Right IPL Connectivity 44,554 13.066 3.410 <.001
OFC and mPFC Connectivity 38.100 11.870 3.210 .002
ITG and Fusiform Connectivity 101.167 19.144 5.285 <.001

Note. When controlling for group in separate linear regressions (DES ~ ROl Value + Group), each extracted ROI
value significantly predicted DES score. Main effects of group on DES score in these models are not reported
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