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Trauma-related pathological dissociation is characterized by disruptions in one’s sense of self, perceptual, and affective experience.
Dissociation and its trauma-related antecedents disproportionately impact women. However, despite the gender-related
prevalence and high individual and societal costs, dissociation remains widely underappreciated in clinical practice. Moreover,
dissociation lacks a synthesized neurobiological model across its subtypes. Leveraging the Triple Network Model of
psychopathology, we sought to parse heterogeneity in dissociative experience by examining functional connectivity of three core
neurocognitive networks as related to: (1) the dimensional dissociation subtypes of depersonalization/derealization and partially-
dissociated intrusions; and, (2) the diagnostic category of dissociative identity disorder (DID). Participants were 91 women with and
without: a history of childhood trauma, current posttraumatic stress disorder (PTSD), and varied levels of dissociation. Participants
provided clinical data about dissociation, PTSD symptoms, childhood maltreatment history, and completed a resting-state
functional magnetic resonance imaging scan. We used a novel statistical approach to assess both overlapping and unique
contributions of dissociation subtypes. Covarying for age, childhood maltreatment and PTSD severity, we found dissociation was
linked to hyperconnectivity within central executive (CEN), default (DN), and salience networks (SN), and decreased connectivity of
CEN and SN with other areas. Moreover, we isolated unique connectivity markers associated with depersonalization/derealization in

CEN and DN, to partially-dissociated intrusions in CEN, and to DID in CEN. This suggests dissociation subtypes have robust
functional connectivity signatures that may serve as targets for PTSD/DID treatment engagement. Our findings underscore
dissociation assessment as crucial in clinical care, in particular, to reduce gender-related health disparities.

Neuropsychopharmacology (2022) 47:2261-2270; https://doi.org/10.1038/s41386-022-01468-1

INTRODUCTION

Pathological dissociation, the experience of detachment from or
discontinuity in one’s internal experience, sense of self, or
surroundings [1], is a common experience in the aftermath of
trauma [2, 3]. However, symptoms of trauma-related pathological
dissociation and dissociative disorders remain at best under-
appreciated and, at worst, frequently go undiagnosed or
misdiagnosed [4, 5]. Clinical misunderstanding about dissociation
(For brevity, we use the term dissociation to refer to trauma-
related pathological dissociation throughout the manuscript. It
does not include non-pathological forms of dissociation.) is
historically longstanding and rooted largely in an individual and
societal reluctance to acknowledge the prevalence of childhood
abuse and domestic violence and its impact, in particular, on
women [4, 6]. The cost of this stigmatization and misunderstand-
ing is high: it has prevented people from accessing appropriate
and effective treatment, prolonged suffering, and stunted
research on dissociation, the dissociative subtype of posttraumatic
stress disorder (PTSD) and dissociative identity disorder (DID)
[4, 6, 7]. More psychological and biological research in this area

could serve as a lifebuoy—helping to destigmatize and under-
stand these conditions, and how best to treat them.
Psychological research embracing trauma-related pathological
dissociation has determined that it encompasses a range of
experiences or “subtypes” [8]. Subtypes like depersonalization and
derealization are frequent experiences in both the dissociative
subtype of PTSD and DID [1]. Depersonalization and derealization
involve feelings of detachment or disconnection from one’s sense
of self, body and environment [1]. Individuals report feeling like
their body or surroundings are unreal or like they are in a movie.
Dissociation also includes experiences of self-alteration common
in DID in which people lose a sense of agency and ownership over
their thoughts, emotions, actions and body [9]. With this loss of
agency and ownership, people then experience some thoughts,
emotions etc. as partially-dissociated intrusions [9]. Individuals
report feeling like they are hearing voices or that their thoughts,
emotions, and actions emerge without their control and ‘intrude’
on their conscious experience. Importantly, these intrusions are
characterized as partially-dissociated rather than psychotic
because the person retains fully intact reality-testing though
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subjectively feels “as if” the experiences do not belong to them [9].
Both depersonalization, derealization, and experiences of self-
alteration can help people cope in the face of inescapable threat
and trauma [10]. However, they can also impede one’s ability to
function and can interfere with new emotional learning [11]. This
adds urgency to our need to better understand mechanisms of
dissociation so we can enhance interventions that will ameliorate
these symptoms.

Brain-based measures of dissociation can provide scientific
evidence for the validity of these experiences and can link the
clinical phenomenology with biological mechanisms. While
foundational studies have begun to characterize the neurobiology
of dissociation [12-14], the field lacks a synthesized model across
the range of dissociative experiences that could place it in context
with other common psychiatric conditions. This gap in our
knowledge about experiences that disproportionately impact
women [15-17] contributes to gender-related health disparities
and must be addressed to help eliminate this inequity.

The Triple Network model of psychopathology may provide a
synthesized neurobiological model for pathological dissociation.
This model offers an integrative framework based in systems
neuroscience for understanding cognitive and affective dysfunc-
tion across psychiatric conditions [18]. The basic model implicates
altered intrinsic organization and interactions between three
large-scale brain networks across disorders: the right-lateralized
central executive network (rCEN), the medial temporal subnetwork
of the default network (tDN), and the cingulo-opercular subnet-
work of the SN (cSN; Fig. S1).

These three networks serve complementary functions. The
rCEN, a lateral frontoparietal network, is strongly implicated in
cognitive processes such as reasoning, attention, inhibition, and
memory [19, 20]. The rCEN is distinct from left CEN, which is
primarily involved in language processing [19, 20]. Conversely,
tDN, a medial frontoparietal network [21], is involved in
autobiographical memory, recollection of events in one’s past
(i.e, episodic memory retrieval) and simulating future events
[22-25]. Lastly, cSN, a midcingulo-insular network [21], is involved
in interoception, especially the experience of emotion derived
from information about the internal milieu [26]. These subnet-
works are easily identified using group independent component
analysis and are highly reproducible [19, 20, 27].

Altered organization and interaction between CEN, DN, and SN
are consistently reported across psychiatric disorders [18]. Central
to these alterations is improper assignment of relevance or
salience to either internal or external stimuli [18]. Inappropriate
salience detection, failing to assign relevance to something
important or assigning relevance to something unnecessarily,
can create a cascade effect where the CEN and DN do not engage
or disengage appropriately. Depending on the subtype of
pathological dissociation (e.g., depersonalization/derealization,
partially-dissociated intrusions etc.), these symptoms could
involve inappropriate salience detection in either direction, and
concomitant alterations in executive functioning and self-
generated thought.

Neuroimaging work to date implicates altered connectivity
of regions in all three networks [12, 14, 28]. These studies typically
focus on dissociative symptoms of depersonalization and derea-
lization—with both seed-based and group independent compo-
nent analysis functional connectivity findings in the dissociative
subtype of PTSD highlighting altered connectivity of regions
located in the SN, DN, and CEN (e.g., amygdala, insula, prefrontal
and parietal cortex [12, 29, 30]). One study from our team
found that hyperconnectivity of regions in CEN and DN
was associated with a measure of pathological dissociation
that combined scores of depersonalization, derealization, and
partially-dissociated intrusions in a PTSD, PTSD dissociative
subtype, and DID sample [31]. Relatedly, there is also foundational
work implicating altered activity in these networks in PTSD [12]
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and DID [13, 32-37]. Taken together, these findings cover a range
of dissociation subtypes; however, they do not directly compare
different subtypes. The unique contributions of different dissocia-
tion subtypes to altered connectivity in the three core networks of
the Triple Network model are unknown. Parsing heterogeneity in
dissociation could add significant impact to our understanding of
differences in both illness and treatment trajectories across
individuals — and represents the critical next step in advancing
personalized medicine for dissociative symptom:s.

To address this gap, we assessed the connectivity of rCEN, tDN,
and ¢SN as related to different subtypes of pathological
dissociation: the dimensional symptoms of depersonalization/
derealization and partially-dissociated intrusions, and the diag-
nostic category of DID. Notably, we used a novel method for
assessing both overlapping and unique contributions of different
dissociation types [38]. Given prior work both in dissociation and
the Triple Network model of psychopathology, we hypothesized
all three networks would be implicated in dissociation and unique
patterns of connectivity would emerge for each dissociative
subtype.

MATERIALS AND METHODS

Participants

A total of 132 adult women with and without histories of childhood
trauma, current PTSD, and varied levels of dissociative symptoms were
enrolled in this cross-sectional study. A total of 23 were excluded based on
our exclusion criteria, including standard contraindications to MR, a history
of neurological conditions, history of head injury resulting in a loss of
consciousness for longer than 5min, a current alcohol or substance use
disorder within the past month, and a history of psychotic spectrum
disorders. Of the remaining 109, a total of 18 datasets were excluded from
analysis due to data quality issues, resulting in 91 datasets available for
subsequent analysis. Table 1 lists demographic and clinical measures.
Participants with PTSD (N =65) had histories of childhood trauma and
varied levels of pathological dissociation, including some with the PTSD
dissociative subtype, and some with DID. These individuals were seeking
treatment at a psychiatric hospital in the northeast region of the US.
Participants without PTSD had no history of or current psychiatric disorders
(N =26).

All research procedures were approved by the Massachusetts General
Brigham Human Research Affairs Institutional Review Board and performed
in accordance with the Declaration of Helsinki human subject guidelines
and regulations. All participants provided written informed consent and
received $200 compensation. Data collection occurred between January
2015 and September 2019.

Diagnostic and symptom measures

Data collection followed the STROBE guidelines [39]. Psychiatric diagnoses
were determined using the Structured Clinical Interview for the DSM-IV
Axis | Disorders [40], the Clinician-Administered PTSD Scale for DSM-5
(CAPS-5; [41]) and the Structured Clinical Interview for DSM-IV Dissociative
Disorders-revised [42].

For a measure of depersonalization and derealization symptoms, we
used the average of the depersonalization and derealization subscales on
the Multidimensional Inventory of Dissociation (MID; [43]). To measure
partially-dissociated intrusions, we computed the average score of the
following MID subscales: child voices, voices/internal struggle, persecutory
voices, speech insertion, thought insertion, made/intrusive emotions,
made/intrusive impulses, made/intrusive actions, temporary loss of well-
rehearsed skills and knowledge, disconcerting experiences of self-
alteration, and self-puzzlement. To control for PTSD symptom and
childhood maltreatment severity in our analyses, we used the CAPS-5
total PTSD symptom severity score and the Childhood Trauma Ques-
tionnaire (CTQ) total score [44].

MRI procedures

See the supplementary for detailed information on MRI procedures, data
quality assurance, preprocessing, and statistical analysis. We acquired
resting-state fMRI data and conducted standardized preprocessing using
fMRIPrep 20.0.1 [38, 45]. Resting-state networks were derived using group
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Table 1. Demographics and clinical characteristics.
Control
N
Sample size 28
Race
American Indian 0
Asian 1
Black/African American 2
White 25
Other - unspecified 0
Ethnicity
Hispanic/Latinx 3
Non-Hispanic/Latinx 25
Prefer not to answer 0
Education
Grade 7-12 (without graduating high school) 0
High school or equivalent 1
Part of College 3
College (2 year) 0
College (4 year) 12
Part of Graduate/Professional School 4
Completed Graduate/Professional School 8
M= SD
Age 322+11.2
CTQ Total Severity 29.5+6.6
CAPS-5 Total Severity 0.64+1.5
PCL-5 Total 20+44
MID Severe Pathological Dissociation 22+1.8
MID Depersonalization/Derealization 0.51+0.96
MID Partially-Dissociated Intrusions 0.57 £ 0.66

Conventional PTSD PTSD Dissociative Subtype DID?
N N N
19 18 26

0 1

1
1 0
18 16 20
0 1 0
1 0 1
18 17 25
0 1 0
0 0 1
0 1 0
9 4 9
0 2 1
3 5 5
3 4 3
4 2 7
M=5SD M=SD M+ SD
334+109 29.5+9.6 374+13.6
63.6 +20.5 754+226 88.1+13.5
48.1+10.6 48.5+9.9 529+13.6
53.9+10.5 532+123 50.5+16.0
442 +22.6 76.3+24.8 117.9+£29.2
12.4+9.2 30.1£15.1 429+ 19.6
13.9+8.7 209+129 452+ 16.2

PTSD posttraumatic stress disorder, CTQ childhood trauma questionnaire, CAPS-5 Clinician-Administered PTSD Scale for DSM 5, PCL-5 PTSD Checklist for DSM 5,

MID multidimensional inventory of dissociation.

2All participants with DID also met criteria for the dissociative subtype of PTSD. Total sample N=91.

Independent Component Analysis (GICA; [46]). We then implemented a
dual regression approach to obtain subject-specific network maps
corresponding to each GICA component [47]. LDN and PK identified rCEN,
cSN, and tDN by visual inspection of the spatial maps to find the
components with the greatest spatial overlap with previously reported
networks [19, 20, 48] (Fig. S1).

Statistical analysis

While all participants underwent a single study session (and thus blinding
and randomization to treatments/conditions was not applicable), study
staff who collected the imaging data from participants were blinded to
participant diagnostic status.

DID diagnosis and the dimensional symptoms of depersonalization/
derealization and partially-dissociated intrusions are highly collinear.
Evaluating associations between each dissociation type and network
connectivity in separate models could yield findings that are driven by
shared variance due to their collinearity (Fig. 1). On the other hand,
evaluating all three predictors within the same model will reduce
sensitivity because shared variance between the predictors is ignored in
the estimation.

To address these issues, we followed the novel two-step approach
presented in [38] that relied on a series of multiple regressions with
orthogonalization of predictors. First, full variance models were estimated
with each network’s set of connectivity maps as the dependent variable,
and orthogonalized predictors of interest (i.e., DID, depersonalization/
derealization, and partially-dissociated intrusions). This identified brain

Neuropsychopharmacology (2022) 47:2261 - 2270

regions or “markers” associated with each predictor using the full variance
associated with the predictor. We interpret these markers as being
associated with “pathological dissociation,” irrespective of subtype.

We then identified unique contributions of each dissociation subtype to
the connectivity between markers and the network(s) by extracting the
subject-level average regression weights for each marker. These weights
were then used as dependent variables in a second set of multiple
regressions with orthogonalizations to estimate regression coefficients that
captured the unique effects of each subtype (see Fig. 1 and Supplementary
for full details).

Each full variance model had one of the following independent
variables as the predictor: diagnostic subgroup (PTSD, PTSD dissociative
subtype, DID, and nonpsychiatric control) and two additional symptom
severity scores (depersonalization/derealization, partially-dissociated intru-
sions). In addition, age, CTQ childhood maltreatment severity, and CAPS-5
PTSD total symptom severity were entered as covariates of no interest in
all models. The CTQ score was missing for three participants (two with
DID and one with the dissociative subtype of PTSD). Each score was
replaced with average CTQ score for that diagnostic category. Every
full variance model was evaluated using FSL Randomize for non-
parametric permutation testing (n = 5000 permutations) with threshold-
free cluster enhancement to control family-wise error (p < 0.05). As noted
in [38], an additional correction for the multiple regression models is not
necessary because all models explain the same total variance and, as
such, are equivalent with respect to considerations of signal vs. noise.
Further, as in [38], unique variance models were not corrected to retain
sensitivity.

SPRINGER NATURE



L.A.M. Lebois et al.

2264

| FULL STANDARD MODEL | FULL VARIANCE UNIQUE VARIANCE
MODEL (STEP 1) MODEL (STEP 2)

nd

g ‘ f

9,

% K

s )

CAT‘ Ly
% o,
’ée ’&e
N

N &

w‘ - ‘a
Fig. 1 Statistical Approach of the Full and Unique Variance

models. Full standard model represents a multiple regression model
that includes all diagnostic categorical (CAT) and dimensional
(DIM) variables together. In this case, the shared variance between
the variables (the areas of overlap in the center of the Venn diagram)
are ignored when estimating the regression parameters. In contrast,
full variance modeling (Step 1) involves running separate models
that estimate the regression parameter of the variable using its full
variance (heavy black circles) to yield a set of brain regions (or
markers) whose connectivity with the network is associated with that
variable. In Step 2, unique variance modeling identifies the unique
association between the markers identified in Step 1 and each
diagnostic categorical and dimensional variable. Adapted from [38].

RESULTS

Right central executive network (rCEN)

Full variance models showed the rCEN was most impacted by
pathological dissociation; specifically, 39 clusters were linked to
two types of alterations: (1) within-network hyperconnectivity; (2)
Decreased connectivity with brain regions outside rCEN (Fig. 2,
Table 2).

All three dissociation subtypes uniquely contributed to the altered
connectivity of the rCEN (Fig. 3, Table 2). DID was associated with
increased functional connectivity between rCEN and regions in tDN
(cluster #40, 51, 53, 56), and with regions outside our three core
networks (cluster #39, 43, 58). DID was also uniquely associated with
decreased functional connectivity between rCEN and regions in tDN
(cluster #27), cSN (cluster #24, 25), and regions outside our three
networks (cluster #20, 22, 23, 28). Greater partially-dissociated
intrusions were associated with rCEN within-network hyperconnec-
tivity concentrated in lateral orbitofrontal cortex, middle and
superior frontal gyrus (cluster #45), increased connectivity between
rCEN and regions in tDN (cluster #27, 40, 53) and decreased
connectivity between rCEN and posterior cingulate cortex/precu-
neus, also in tDN (#57). Greater depersonalization/derealization was
associated with decreased connectivity between middle temporal
gyrus and rCEN (cluster #40, 53), and increased connectivity
between temporal-parietal-occipital junction and rCEN (cluster #51).

Medial temporal default network (tDN)

Ten clusters within tDN exhibited within-network hyperconnec-
tivity related to pathological dissociation (Fig. 2). Only deperso-
nalization/derealization showed unique associations with tDN
connectivity, reflecting hyperconnectivity in parahippocampal
gyrus (cluster #1, 3, 4; Fig. 3, Table 2).

SPRINGER NATURE

Cingulo-opercular salience network (cSN)

Eight clusters within cSN were linked to greater pathological
dissociation in two ways (Fig. 2, Table 2): (1) within-network
hyperconnectivity; (2) decreased connectivity between regions in
rCEN with cSN. There were no significant unique contributions of
dissociation subtypes.

DISCUSSION

To begin to build a large-scale functional network connectivity
model of trauma-related pathological dissociation and its
subtypes, we leveraged the Triple Network model of psycho-
pathology. We tested the connectivity of three core neurocog-
nitive networks as it related to DID and the dimensional
subtypes of depersonalization/derealization and partially-
dissociated intrusions. Consistent with our hypotheses, after
controlling for age, childhood maltreatment and PTSD symptom
severity, the rCEN, tDN, and cSN were all impacted by
pathological dissociation.

First, we examined alterations in functional connectivity related
to pathological dissociation broadly defined as an association with
DID diagnosis, depersonalization/derealization, and/or partially-
dissociated intrusions. While each brain region was identified
using a specific full variance model for each subtype of
dissociation, the different subtypes are highly collinear. Conse-
quently, the findings could be driven by shared variance between
the subtypes. Therefore, we discuss the results in the next
paragraph as alterations due to “pathological dissociation,” not a
particular subtype.

Overall, the rCEN was the most impacted by pathological
dissociation; however, we found that all core networks implicated
in the Triple Network model of psychopathology were impacted.
Specifically, pathological dissociation was associated with hyper-
connectivity within rCEN, tDN, and c¢SN. Dissociation was also
linked to decreased connectivity between rCEN and other brain
regions, including areas within DN and ¢SN that may facilitate
communication among networks. Furthermore, greater dissocia-
tion was related to decreased connectivity between cSN and rCEN
regions. Taken together, these alterations may be an adaptive or
compensatory response to childhood trauma and are a likely
source of executive functioning differences, self-alteration experi-
ences, and altered interoceptive/autonomic experiences reported
by individuals with dissociative symptoms [9, 49, 50].

Next, we explored connectivity that was uniquely associated
with each dissociation subtype. We found that depersonalization/
derealization was uniquely associated with connectivity in two
networks: the rCEN and tDN. First, depersonalization/derealization
was related to decreased connectivity between rCEN and lateral
middle temporal gyrus regions typically located in the DN and
thought to facilitate retrieval of semantic/conceptual knowledge
[23]. This finding may reflect decreased communication between
these networks. In contrast, rCEN had increased connectivity with
the temporal-parietal-occipital junction typically located in DN.
This region is involved in mentalization, that is, reflecting on the
mental states of others [23]. It is also implicated in out-of-body
experiences [51]. Increased communication between this region
and CEN may, in part, underlie feelings of detachment, strange-
ness, or unreality with one’s body or environment.

Second, depersonalization/derealization was also associated
with hyperconnectivity within tDN concentrated in parahippo-
campal gyrus. Parahippocampal gyrus is part of the medial
temporal lobe memory system and has demonstrated connectiv-
ity with areas of the brain involved in vision [52]. Parahippocampal
gyrus supports memory formation and retrieval, in particular, for
episodic and autobiographical memory, and the context of an
event [52]. Specifically, parahippocampal gyrus facilitates proces-
sing of spatial information essential for navigating one’s environ-
ment [52]. Heightened communication within this region of DN

Neuropsychopharmacology (2022) 47:2261-2270



Right Central Executive Network

Medial temporal Default Network

Increased Connectivity Marker
. Decreased Connectivity Marker
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Salience Network

rCEN increase outside (0)
rCEN decrease outside (31)
rCEN increase within (9)
cSN decrease outside (2)
¢SN increase within (6)
tDN decrease outside (0)
tDN increase within (10)

Fig.2 Triple Network Model of Pathological Dissociation. The Triple Network Model of Pathological Dissociation depicts biomarkers (brain
regions) with functional connectivity to our core networks (right central executive, medial temporal default network, and cingulo-
opercular salience network) that is associated with the full variance of each pathological dissociation variable (dissociative identity disorder
diagnosis, depersonalization/derealization, and partially-dissociated intrusions). Green regions indicate the network of interest (right central
executive, medial temporal default network, or cingulo-opercular salience network). Yellow indicates areas with increased connectivity
between that region and the network of interest that is associated with pathological dissociation. Blue indicates regions with decreased
connectivity between that region and the network of interest that is associated with pathological dissociation. The radial bar graph depicts
the number of markers linked with pathological dissociation in each network associated with increased or decreased connectivity either
within or outside the network of interest. Images made with MRIcroGL (https://www.nitrc.org/plugins/mwiki/index.php/mricron:MainPage).

rCEN right central executive network, cSN cingulo-opercular salience network, tDN medial temporal default network.

may facilitate altered spatial and perceptual experiences asso-
ciated with depersonalization/derealization.

We found that partially-dissociated intrusions were linked to
rCEN hyperconnectivity concentrated in lateral prefrontal cortex.
This network is often active during cognitively challenging
working memory, problem solving, and decision-making tasks
[18]. This implies that greater partially-dissociated intrusions are
related to heightened communication within CEN. This hypercon-
nectivity may also reduce the flexibility of the network to engage
with other networks.

Second, partially-dissociated intrusions were associated with
increased connectivity between DN regions (middle temporal
gyrus) and rCEN. DN is often suppressed while CEN is engaged
[18]. However, here we see some synchronization of these two
networks. Intriguingly, this matches the subjective experience of
partially-dissociated intrusions as “recurrent, jarring, involuntary
intrusions into executive functioning and sense of self” [43].

In contrast, rCEN had decreased connectivity with tDN regions:
the dorsal posterior cingulate cortex (dPCC) and precuneus, which
may reflect decreased communication between these networks.
These regions are involved in self-generated thought [23].

Neuropsychopharmacology (2022) 47:2261 - 2270

In particular, the dPCC may serve to regulate global brain
dynamics—helping to balance internally vs. externally focused
attention and the breadth of attentional focus (i.e., narrow vs.
broad; [53]). Furthermore, recent theories speculate dPCC may
facilitate fast shifts between different mental states [53].

The unique contributions of a DID diagnosis to altered
connectivity were concentrated in the rCEN. Specifically, DID
diagnosis was associated with a complex pattern of both
increased and decreased connectivity between rCEN and regions
distributed across tDN, cSN, and other networks. The dominant
finding was one of rCEN hyperconnectivity with regions in tDN.
DN is often suppressed while CEN is engaged [18], but in DID we
instead saw some synchronization of these networks.

A pattern of decreased CEN connectivity with regions in cSN
also emerged in DID. SN may facilitate shifts between CEN and DN
[26]. Decreased communication between rCEN and cSN could
impact the appropriate engagement or disengagement of CEN
and DN [18].

Overall, these findings support a plausible mechanism under-
lying executive functioning difficulties and differences in DID. For
example, individuals with DID report experiences of amnesia,

SPRINGER NATURE
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Depersonalization/Derealization Partially-Dissociated Intrusions Dissociative Identity Disorder

rCEN increase outside (7)
rCEN decrease outside (7)
rCEN increase within (0)
cSN decrease outside (0)
cSN increase within (0)
tDN decrease outside (0)
tDN increase within (0)

rCEN increase outside (3)
rCEN decrease outside (1))
rCEN increase within (1)
cSN decrease outside (0)
cSN increase within (0)
tDN decrease outside (0)
tDN increase within (0)

rCEN increase outside (1)
rCEN decrease outside (2)
rCEN increase within (0)
cSN decrease outside (0)
cSN increase within (0)
tDN decrease outside (0)
tDN increase within (3)

Right Central Executive Network

' =

g. g @ nNetwork

g % Increased Connectivity Marker

§ E . Decreased Connectivity Marker
o

Fig. 3 Unique Associations between Connectivity Biomarkers and Depersonalization/Derealization, Partially-Dissociated Intrusions and
Dissociative Identity Disorder Diagnosis. Here we depict biomarkers (brain regions) with functional connectivity to our core networks (right
central executive, medial temporal default network, and cingulo-opercular salience network) that is uniquely associated with each of the
pathological dissociation variables (dissociative identity disorder diagnosis, depersonalization/derealization, and partially-dissociated
intrusions). Green regions indicate the network of interest (right central executive, medial temporal default network). Only two of the
three networks are shown because no markers with functional connectivity to salience network were uniquely associated with one of the
dissociation variables. Yellow indicates regions with increased connectivity between that region and the network of interest uniquely
associated with the dissociation variable. Blue indicates regions with decreased connectivity between that region and the network of interest
with the dissociation variable. The radial bar graphs depict the number of markers linked with each type of dissociation in each network. The
markers reflect either increased or decreased connectivity of regions within or outside the network of interest. Images made with MRIcroGL
(https://www.nitrc.org/plugins/mwiki/index.php/mricron:MainPage). rCEN right central executive network, cSN salience network, tDN medial
temporal default network.

partially-dissociated intrusions, or working memory difficulties provided transdiagnostic support for this model across trauma
[9, 54]. Interestingly, there have also been some reports of and non-trauma-related disorders with experiences of dissocia-
preserved or even enhanced executive functioning for individuals tion, as well as elucidated a distributed pattern of brain regions, in
with dissociative disorders or high levels of dissociation in which particular in prefrontal cortex, implicated in pathological dissocia-

they out-perform control participants on executive functioning, tion [14]. Our work focused on trauma-related pathological
working memory and spatial memory tasks that are not dissociation and implicates many of the brain regions identified
emotionally-provocative [49, 55, 56]. It may be that some of the in prior models, however, we now place them in the context of

altered rCEN connectivity we identified could facilitate this communication within three core neurocognitive networks.
enhanced executive functioning in certain contexts. Future work Moreover, we have shown how altered connectivity and perhaps
involving tasks that elicit CEN activity are needed to sort out when communication in these networks provides possible mechanisms
and how these alterations may facilitate enhanced vs. diminished specific to a range of dissociation experiences (e.g. executive

executive functioning. functioning differences, self-alteration experiences, and altered
Several models of pathological dissociation have been pre- interoceptive/autonomic experiences).

viously proposed, and taken together our work builds logically on While we provide robust evidence for alterations in resting-state

this foundational research. For example, the corticolimbic model networks associated with pathological dissociation, future task-

of dissociation focuses on trauma-related depersonalization and based analyses that directly measure self-generated thought,
derealization in the context of PTSD [12], and other work has memory, and salience detection are needed to aid the interpreta-
extended this model to the experience of DID [13]. This model tion of these findings. We also limited our analyses to rCEN, tDN,
proposes trauma-related pathological depersonalization and and cSN. Our findings suggest alterations between these three
derealization involve hyperactivation of brain regions involved in networks and other networks play a role in pathological
emotion and arousal regulation such that people experience dissociation, but we did not test this network-to-network
emotion/arousal over-regulation. A recent systematic review connectivity directly. Furthermore, we focused our analysis on

SPRINGER NATURE Neuropsychopharmacology (2022) 47:2261-2270
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depersonalization/derealization, partially-dissociated intrusions
and DID, and our results may not be generalizable to other forms
of pathological dissociation, which would be fruitful directions for
future work (e.g., dissociative amnesia). However, our PTSD/DID
samples were recruited from hospital level-of-care and therefore
are highly generalizable to individuals with more severe
symptoms of PTSD/DID. Our PTSD/DID sample was also taking
various forms of psychiatric medication, which we were not
powered to address. Finally, our sample was limited to individuals
who were assigned female sex at birth, and it is unknown whether
results generalize to other sexes.

While gaps remain, this study contributes new data supporting
the neurobiological basis of dissociative symptoms as a disruption
of brain networks. Moreover, we have begun to develop a
network-based brain connectivity “fingerprint” [31] specific to
different types of dissociation. In the future, these neuromarkers
could be used to stratify samples for randomized control trials, to
monitor recovery, or to target directly with neuromodulatory
techniques as a treatment intervention itself.

Given the complex and highly subjective nature of these
conditions, neurobiological evidence is critical to ensuring that
individuals who experience dissociation receive timely assessment
and appropriate treatment, as with any serious neuropsychiatric
condition. Ultimately, we believe this work will increase awareness
about dissociation, destigmatize these experiences, and contri-
bute to reducing gender-related health disparities.

REFERENCES

1. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 5th ed. Washington DC: American Psychiatric Association Publishing;
2022. text rev.

2. Dalenberg CJ, Brand BL, Gleaves DH, Dorahy MJ, Loewenstein RJ, Cardefia E, et al.
Evaluation of the evidence for the trauma and fantasy models of dissociation.
Psychol Bull. 2012;138:550-88.

3. 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.

4. Brand BL, Sar V, Stavropoulos P, Kriiger C, Korzekwa M, Martinez-Taboas A, et al.
Separating Fact from Fiction: An Empirical Examination of Six Myths About Dis-
sociative Identity Disorder. Harv Rev Psychiatry. 2016;24:257-70.

5. AATS Reinders, Veltman DJ. Dissociative identity disorder: out of the shadows at
last? Br J Psychiatry. 2021;219:413-4.

6. Lebois LAM, Ross DA, Kaufman ML. “I Am Not I”: The Neuroscience of Dissociative
Identity Disorder. Biol Psychiatry. 2022;91:e11-e13.

7. Corrigan F, Hull A. The shadow costs of dissociative identity disorder. Br J Psy-
chiatry. 2022;220:98-98.

8. Dell PF. 15 The Phenomena of Pathological Dissociation. In: Dell PF, O'Neil JA,
editors. Dissociation and the dissociative disorders: DSM-V and beyond. New
York: Routledge; 2010, p. 225-37.

9. Dell PF. A new model of dissociative identity disorder. Psychiatr Clin North Am.
2006;29:1-26.

10. Putnam FW. The way we are: How states of mind influence our identities, per-
sonality and potential for change. New York: International Psychoanalytic Books
(IPBooks); 2016.

11. Ebner-Priemer UW, Mauchnik J, Kleindienst N, Schmahl C, Peper M, Rosenthal MZ,
et al. Emotional learning during dissociative states in borderline personality
disorder. J Psychiatry Neurosci. 2009;34:214-22.

12. Lanius RA, Boyd JE, McKinnon MC, Nicholson AA, Frewen P, Vermetten E, et al. A
review of the neurobiological basis of trauma-related dissociation and its relation
to cannabinoid-and opioid-mediated stress response: a transdiagnostic, transla-
tional approach. Curr Psychiatry Rep. 2018;20:118.

13. Reinders AATS, Willemsen ATM, den Boer JA, Vos HPJ, Veltman DJ, 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.

14. Roydeva M|, Reinders AATS. Biomarkers of pathological dissociation: a systematic
review. Neurosci Biobehav Rev. 2020;123:120-202.

15. Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB. Posttraumatic stress
disorder in the National Comorbidity Survey. Arch Gen Psychiatry. 1995;
52:1048-60.

Neuropsychopharmacology (2022) 47:2261 - 2270

L.A.M. Lebois et al.

16.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34,

35.

36.

37.

38.

39.

40.

41.

Sar V, Akyiiz G, Dogan O. Prevalence of dissociative disorders among women in
the general population. Psychiatry Res. 2007;149:169-76.

. Sar V. Epidemiology of dissociative disorders: An overview. Epidemiol Res Int.

2011;2011:1-8.

. Menon V. Large-scale brain networks and psychopathology: a unifying triple

network model. Trends Cogn Sci. 2011;15:483-506.

. Smith SM, Fox PT, Miller KL, Glahn DC, Fox PM, Mackay CE, et al. Correspondence

of the brain’s functional architecture during activation and rest. Proc Natl Acad
Sci USA. 2009;106:13040-5.

Laird AR, Fox PM, Eickhoff SB, Turner JA, Ray KL, McKay DR, et al. Behavioral
interpretations of intrinsic connectivity networks. J Cogn Neurosci.
2011;23:4022-37.

Uddin LQ, Yeo BTT, Spreng RN. Towards a Universal Taxonomy of Macro-scale
Functional Human Brain Networks. Brain Topogr. 2019;32:926-42.
Andrews-Hanna JR, Reidler JS, Sepulcre J, Poulin R, Buckner RL. Functional-
anatomic fractionation of the brain’s default network. Neuron 2010;65:550-62.
Andrews-Hanna JR, Smallwood J, Spreng RN. The default network and self-
generated thought: component processes, dynamic control, and clinical rele-
vance. Ann N. Y Acad Sci. 2014;1316:29-52.

Ward AM, Schultz AP, Huijbers W, Van Dijk KRA, Hedden T, Sperling RA. The
parahippocampal gyrus links the default-mode cortical network with the medial
temporal lobe memory system. Hum Brain Mapp. 2014;35:1061-73.

Buckner RL, Andrews-Hanna JR, Schacter DL. The Brain’s Default Network:
Anatomy, Function, and Relevance to Disease. Ann N. Y Acad Sci. 2008;
1124:1-38.

Menon V, Uddin LQ. Saliency, switching, attention and control: a network model
of insula function. Brain Struct Funct. 2010;214:655-67.

Nickerson LD. Replication of Resting State-Task Network Correspondence and
Novel Findings on Brain Network Activation During Task fMRI in the Human
Connectome Project Study. Sci Rep. 2018;8:17543.

Lotfinia S, Soorgi Z, Mertens Y, Daniels J. Structural and functional brain altera-
tions in psychiatric patients with dissociative experiences: a systematic review of
magnetic resonance imaging studies. J Psychiatr Res. 2020;128:5-15.

Nicholson AA, Harricharan S, Densmore M, Neufeld RWJ, Ros T, McKinnon MC,
et al. Classifying heterogeneous presentations of PTSD via the default mode,
central executive, and salience networks with machine learning. Neuroimage
Clin. 2020;27:102262.

Lebois LAM, Harnett NG, Van Rooij SJH, Ely TD, Jovanovic T, Bruce SE, et al.
Persistent Dissociation and Its Neural Correlates in Predicting Outcomes After
Trauma Exposure. Am J Psychiatry. https://doi.org/10.1176/appi.ajp.21090911.
Lebois LAM, Li M, Baker JT, Wolff JD, Wang D, Lambros AM, et al. Large-Scale
Functional Brain Network Architecture Changes Associated With Trauma-Related
Dissociation. Am J Psychiatry. 2021;178:165-73.

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. Neuro-
image Clin. 2013;3:54-64.

Schlumpf YR, AATS Reinders, Nijenhuis ERS, et al. part-dependent resting-state
activity in dissociative identity disorder: a controlled FMRI perfusion study. PLoS
ONE. 2014;9:e98795.

Sar V, Unal SN, Kiziltan E, Kundakci T, Ozturk E. HMPAO SPECT Study of Regional
Cerebral Blood Flow in Dissociative Identity Disorder. J Trauma Dissociation.
2001;2:5-25.

Sar V, Unal SN, Ozturk E. Frontal and occipital perfusion changes in dissociative
identity disorder. Psychiatry Res. 2007;156:217-23.

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.

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

Pruim RHR, Beckmann CF, Oldehinkel M, Oosterlaan J, Heslenfeld D, Hartman CA,
et al. An Integrated Analysis of Neural Network Correlates of Categorical and
Dimensional Models of Attention-Deficit/Hyperactivity Disorder. Biol Psychiatry
Cogn Neurosci Neuroimaging. 2019;4:472-83.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP, et al.
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet
2007;370:1453-7.

First MB, Gibbon M. The Structured Clinical Interview for DSM-IV Axis | Disorders
(SCID-) and the Structured Clinical Interview for DSM-IV Axis Il Disorders (SCID-II).
In Hilsenroth MJ, Segal DL, editors. Comprehensive handbook of psychological
assessment, Vol. 2. Personality assessment. New Jersey: John Wiley & Sons, Inc.;
2004, p. 134-3.

Weathers FW, Bovin MJ, Lee DJ, Sloan DM, Schnurr PP, Kaloupek DG, et al. The
Clinician-Administered PTSD Scale for DSM-5 (CAPS-5): Development and initial

SPRINGER NATURE


https://doi.org/10.1176/appi.ajp.21090911

L.A.M. Lebois et al.

2270

psychometric evaluation Assessment.
2018,;30:383-95.

42. Steinberg M, Cicchetti D, Buchanan J, Hall P, et al. Clinical assessment of dis-
sociative symptoms and disorders: The Structured Clinical Interview for DSM-IV
Dissociative Disorders (SCID-D). Dissociation: Progress in the Dissociative Dis-
orders. 1993;6:3-15.

43. Dell PF. The multidimensional inventory of dissociation (MID): A comprehensive
measure of pathological dissociation. J Trauma Dissociation. 2006;7:77-106.

44. Bernstein DP, Fink L, Handelsman L, Foote J. Childhood Trauma Questionnaire.
The American Journal of PsychiatryAssessment of Family Violence: a Handbook
for Researchers and Practitioners. https://doi.org/10.1037/t02080-000.

45. Esteban O, Markiewicz CJ, Blair RW, Moodie CA, Isik Al, Erramuzpe A, et al.
fMRIPrep: a robust preprocessing pipeline for functional MRI. Nat. methods.
2019;16:111-6.

46. Beckmann CF, Smith SM. Probabilistic Independent Component Analysis for
Functional Magnetic Resonance Imaging. IEEE Trans Med Imaging. 2004;23:137-52.

47. Nickerson LD, Smith SM, Ongiir D, Beckmann CF. Using Dual Regression to
Investigate Network Shape and Amplitude in Functional Connectivity Analyses.
Front Neurosci. 2017;11:115.

48. Beckmann CF, DeLuca M, Devlin JT, Smith SM. Investigations into resting-state
connectivity using independent component analysis. Philos Trans R Soc Lond B
Biol Sci. 2005;360:1001-13.

49. Fani N, King TZ, Powers A, Hardy RA, Siegle GJ, Blair RJ, et al. Cognitive and neural
facets of dissociation in a traumatized population. Emotion. 2018. https://doi.org/
10.1037/emo0000466.

50. McKinnon MC, Boyd JE, Frewen PA, Lanius UF, Jetly R, Richardson JD, et al. A
review of the relation between dissociation, memory, executive functioning and
social cognition in military members and civilians with neuropsychiatric condi-
tions. Neuropsychologia 2016;90:210-34.

51. Blanke O, Mohr C, Michel CM, Pascual-Leone A, Brugger P, Seeck M, et al. Linking
out-of-body experience and self processing to mental own-body imagery at the
temporoparietal junction. J Neurosci. 2005;25:550-7.

52. Ranganath C, Ritchey M. Two cortical systems for memory-guided behaviour. Nat
Rev Neurosci. 2012;13:713-26.

53. Leech R, Sharp DJ. The role of the posterior cingulate cortex in cognition and
disease. Brain 2014;137:12-32.

54. 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.

55. Elzinga BM, Ardon AM, Heijnis MK, De Ruiter MB, Van Dyck R, Veltman DJ. Neural
correlates of enhanced working-memory performance in dissociative disorder: a
functional MRI study. Psychol Med. 2007;37:235-45.

56. Weniger G, Siemerkus J, Barke A, Lange C, Ruhleder M, Sachsse U, et al. Ego-
centric virtual maze learning in adult survivors of childhood abuse with dis-
sociative disorders: evidence from functional magnetic resonance imaging.
Psychiatry Res. 2013;212:116-24.

in military veterans. Psychological

ACKNOWLEDGEMENTS
The authors would like to thank the study participants and the hospital staff for their
time, assistance, and support.

AUTHOR CONTRIBUTIONS
LAML: Conceptualization, Methodology, Investigation, Resources, Data Curation,
Writing—Original Draft, Visualization, Supervision, Project administration, Funding

SPRINGER NATURE

acquisition; PK: Conceptualization, Methodology, Software, Formal analysis, Data
Curation, Writing—Original Draft; CAP: Investigation, Data Curation, Writing—Review
& Editing, Project administration; AML: Investigation, Writing—Review & Editing; LO:
Investigation, Writing—Review & Editing; JDW: Investigation, Writing—Review &
Editing, Project administration; JTB: Conceptualization, Writing—Review & Editing;
SAG: Conceptualization, Supervision, Writing—Review & Editing; NLS: Investigation,
Writing—Review & Editing; KJR: Conceptualization, Writing—Review & Editing; MAR:
Writing—Review & Editing; SW: Conceptualization, Investigation, Writing—Review &
Editing; LDN: Conceptualization, Methodology, Software, Formal analysis, Writing—
Review & Editing, Supervision; MLK: Conceptualization, Investigation, Resources,
Writing—Review & Editing, Supervision, Project administration, Funding acquisition.

FUNDING

This research was supported by the Julia Kasparian Fund for Neuroscience Research
(LAML, CAP, MLK) and the National Institute of Mental Health KO1 MH118467 (LAML),
R21 MH112956 (MLK), and RO1 MH119227 (MLK).

COMPETING INTERESTS

LAML reports unpaid membership on the Scientific Committee for the International
Society for the Study of Trauma and Dissociation (ISSTD), grant support from the
National Institute of Mental Health (NIMH), KO1T MH118467, and the Julia Kasparian
Fund for Neuroscience Research. Dr LAML also reports spousal IP payments from
Vanderbilt University for technology licensed to Acadia Pharmaceuticals unrelated to
the present work. KJR has performed scientific consultation for Bioxcel, Bionomics,
Acer, Takeda, and Jazz Pharma; serves on Scientific Advisory Boards for Sage and the
Brain Research Foundation, and he has received sponsored research support from
Takeda, Brainsway and Alto Neuroscience. He receives research funding from the NIH.
MLK reports unpaid membership on the Scientific Committee for the ISSTD and grant
support from the NIMH, R21 MH112956, R01T MH119227. JTB has received consulting
fees from Verily Life Sciences, as well as consulting fees and equity from Mindstrong
Health, Inc,, unrelated the present work. Neither ISSTD nor any funding sources were
involved in the analysis or preparation of the paper. All other authors have nothing to
report.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541386-022-01468-1.

Correspondence and requests for materials should be addressed to Lauren A. M.
Lebois.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author self-archiving of the
accepted manuscript version of this article is solely governed by the terms of such
publishing agreement and applicable law.

Neuropsychopharmacology (2022) 47:2261-2270


https://doi.org/10.1037/t02080-000
https://doi.org/10.1037/emo0000466
https://doi.org/10.1037/emo0000466
https://doi.org/10.1038/s41386-022-01468-1
http://www.nature.com/reprints
http://www.nature.com/reprints

	Deconstructing dissociation: a triple network model of trauma-�related dissociation and its subtypes
	Introduction
	Materials and methods
	Participants
	Diagnostic and symptom measures
	MRI procedures
	Statistical analysis

	Results
	Right central executive network (rCEN)
	Medial temporal default network (tDN)
	Cingulo-opercular salience network (cSN)

	Discussion
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




