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Neural responses to emotional stimuli across the dissociative
spectrum: Common and specific mechanisms

Marco Cavicchioli, PhD ,1* Anna Ogliari, MD, PhD,1,2 Cesare Maffei, MD,1 Clara Mucci, PhD,3

Georg Northoff, MD, PhD 4,5,6 and Andrea Scalabrini, PhD3*

Aim: Departing from existing neurobiological models of
dissociation, the current study aims at conducting a quantita-
tive meta-analytic review of neural responses to emotional
stimuli among individuals ascribed to the dissociative spec-
trum (DS). Accordingly, the study explored common and spe-
cific brain mechanisms across borderline personality disorder,
conversion/somatoform disorders, posttraumatic stress disor-
der, posttraumatic stress disorder related to repeated inter-
personal traumatic experiences, and dissociative disorders.

Methods: The meta-analysis included studies that adminis-
tered emotional stimuli during functional magnetic reso-
nance imaging acquisition among individuals included in the
DS. There were two conducted meta-analytic procedures:
(i) a Bayesian network meta-analysis for a region-of-interest–
based approach; and (ii) robust voxel-based approach.

Results: Forty-four independent studies were included for a
total of 1384 individuals (DS = 741 patients). The network
meta-analysis showed specific patterns of neural activity
considering an extended brain network involved in emotion

regulation for each condition ascribed to the DS. The voxel-
based meta-analysis highlighted an increased activity of
dorsal anterior cingulate cortex as a common neurological
signature of the DS.

Conclusion: The common neural feature of the DS captures
an implicit appraisal of emotion-eliciting stimuli as threaten-
ing and/or noxious for mental and physical integrity of the
individual together with painful subjective experiences asso-
ciated with physiological emotional reactions. Specific brain
responses across the DS suggested the engagement in dif-
ferent mechanisms to address emotional stimuli, including
implicit avoidance reactions and attempts to overcontrol of
affective states together with a disruption of integrative pro-
cesses of emotional mind–body features.

Keywords: dissociation, dissociative spectrum, emotion regulation,

meta-analysis, neural responses.
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One of the first descriptions of dissociation was provided at the end
of 19th century by Pierre Janet,1 who described dissociative
processing as a dysfunction of coordination and integration of psy-
chological functions. Departing from his first attempts to systematize
these complex clinical phenomena,1,2 several operationalizations of
dissociation have been provided.3 Psychopathological approaches4,5

have operationalized dissociation emphasizing the loss of high-order
integrative and regulative capacities. Specifically, it captures “unbid-
den intrusions into awareness and behavior, with accompanying
losses of continuity in subjective experience” (e.g., fragmentation of
identity, depersonalization, derealization) and/or “inability to access
information or to control mental functions that normally are readily
amenable to access or control” (e.g., amnesia).4

Clinical frameworks6–8 have referred to dissociation as a constel-
lation of symptoms. On the one hand, positive dissociative symptoms
include intrusive phenomena (e.g., flashbacks, reexperiencing and
traumatic memories). On the other hand, negative symptoms refer to
“apparent losses” of mental experiences (e.g., amnesia and loss of
motor control). A further categorization identifies psychoform

dissociative symptoms that predominantly involve the mind
(e.g., depersonalization) and somatoform dissociation that phenome-
nologically refers to the body (e.g., analgesia).

Some authors have also conceptualized dissociation as a struc-
tural pathology of personality.9,10 Accordingly, it has been assumed a
loss of integration between parts usually mediated by daily life action
systems (i.e., activities of daily life and survival of the species) and
defensive action systems (i.e., a range of subsystems dedicated to the
survival of the individual in the face of threat) as a result of the insur-
gence of a threat to bodily integrity and/or life.

Furthermore, dissociative phenomena have been also conceptual-
ized considering two key underlying processes: compartmentalization
(i.e., inability to bring normally accessible information into the field
of consciousness) and detachment (i.e., alterations of the quality of
consciousness).11,12 Compartmentalization processes could underpin
different dissociative symptoms such as dissociative amnesia, conver-
sion symptoms, other somatoform dissociative symptoms, and “body
memories” (i.e., reexperiencing traumatic pain in the body).13 Detach-
ment mechanisms might be linked to a wide range of dissociative
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phenomena including absorption, derealization, and depersonaliza-
tion, together with the absence or alteration of emotional experience
(e.g., numbing).12 However, a clear separation between these dissocia-
tive mechanisms and related phenomena is complex and not always
recognizable. For instance, dissociative amnesia is mainly viewed as a
compartmentalization phenomenon. Nevertheless, the same dissocia-
tive phenomenon could be a consequence of an altered state of con-
sciousness linked to detachment mechanisms, which interfere with
the encoding and storage of information (e.g., deficit of encoding and
storage of traumatic material).

In addition to the previous approaches, dissociative phenomena
have also been considered as a psychological dimension14,15 that
range from milder forms with no or minimal interference on adapta-
tion (e.g., absorption, daydreaming, and trance-like behaviors16–18)
to pathological and more pervasive ones (e.g., dissociative amnesia,
derealization, and depersonalization). Dissociation is also considered
a transdiagnostic factor that underpins different psychopathological
conditions.19,20 Specifically, Lyssenko and colleagues19 have shown a
dissociative continuum featured by the highest severity of dissociative
phenomena within dissociative disorders (DDs), followed by post-
traumatic stress disorder (PTSD), borderline personality disorder
(BPD), conversion disorder (CD), and somatoform disorders (SDs).
According to a hierarchical approach to psychopathology,21 these dis-
orders might represent a spectrum (i.e., dissociative spectrum [DS]),
namely a constellation of syndromes that share latent psychopatholog-
ical mechanisms (i.e., dissociation). Whereas, the severity of dissocia-
tion linearly decreases across other psychiatric conditions, including
eating disorders, substance-related and addictive disorders, schizo-
phrenia, obsessive-compulsive disorder, anxiety, and affective
disorders.

Clinical features of dissociation across the dissociative
spectrum
Despite dissociation capturing latent mechanisms shared by different
conditions ascribed to the DS, some functional and phenomenological
differences might be discussed across these disorders. Looking at
BPD, there is consistent evidence4,5,22–24 that has demonstrated a key
role of transient stress–related derealization and depersonalization
symptoms as extreme forms of avoidance of emotion-eliciting stimuli
and/or related internal responses.25,26 Brown and colleagues27

suggested that both CD and SDs could be viewed as DDs referring to
a revision of clinical studies focused on somatoform dissociation
(e.g., anesthesia, seizures, paralysis, and dysphagia). Furthermore,
provisional considerations suggested that compartmentalization
should be viewed as the key mechanism underlying somatoform dis-
sociative symptoms among individuals with CD and SDs.12 PTSD
shows a constellation of dissociative phenomena, including positive
dissociative symptoms (e.g., reexperiencing) and negative dissociative
symptoms (e.g., emotional numbing).28,29 Referring to PTSD linked
to repeated interpersonal traumatic experiences (PTSD-IT) and DDs
(e.g., dissociative identity disorder [DID]), clinical literature posits at
the base of these conditions a key role of a “structural dissocia-
tion.”30,31 This kind of structural dissociation is sustained by a com-
plex system of dissociative symptoms including negative psychoform
dissociative symptoms (e.g., amnesia and numbing), negative
somatoform dissociative symptoms (e.g., anesthesia and sensory
loss), positive psychoform dissociative symptoms (e.g., traumatic
memories and nightmares), and positive somatoform dissociative
symptoms (intrusions of sensorimotor aspects of traumatic
reexperiences and pain).31,32

Manifestation of dissociation in emotional contexts
Dissociation affects different domains of human mental functioning
(e.g., time perception, body representation, and identity),4 including
the emotional one. Specifically, experimental and clinical research
suggest that dissociation might affect each stage of emotion genera-
tion. For instance, emotional-eliciting events might be dissociated

from memory facilitating the onset of automatic and intense affects
that are manifested in a chaotic and incongruous form.33 Dissociative
symptoms and mechanisms might also interfere with a coherent
encoding of salient events34,35 leading to an unintegrated experience
where different aspects of the event such as its sensory, affective, and
cognitive features are separately encoded and disintegrated
automatically.36–38 Stressful affects, especially those associated with
emotional pain, are consequently not experienced in consciousness
nor integrated within the self, leading to what Bromberg39 terms
“not-me” self-states. Furthermore, dissociation might facilitate the
unexpected and nonvoluntary onset of overwhelming affects due to
alterations of integration processes.33,40–45

Trying to integrate this evidence with empirical literature on
emotion regulation (ER), which focuses on all processes involved in
influencing positive and negative emotions in terms of intensity, dura-
tion, and/or quality, consciously or automatically,46 dissociation could
be viewed as an ER strategy (ERS) – “an escape before there is no
escape.”47 In this regard, Cavicchioli and colleagues48 conducted a
meta-analytic review to further investigate the relationship between
dissociation and adaptive and maladaptive ERSs that individuals use
to alter emotional reactions. Meta-analytic findings showed significant
associations between dissociation and maladaptive domains of ER,
suggesting to view dissociation as a constellation of automatic mecha-
nisms with two main maladaptive functions within the context of ER:
(i) escape reactions from internal-external emotion-eliciting situations
and related affective responses; and (ii) attempts of overmodulation of
affective states (see Fig. 1a,b for a graphical summary).

Brain networks involved in ER
Psychological processes involved in ER have also found robust sup-
port from neuroscience data. Referring to adaptive ERSs
(i.e., mindfulness, distraction, reappraisal), neuroimaging research has
identified an extended brain network—middle frontal gyrus (MFG),
parahyppocampal gyrus, hippocampus, insula, bilateral inferior fron-
tal gyrus (IFG)/ventrolateral prefrontal cortex (VLPFC), bilateral
superior frontal gyrus (SFG)/dorsal prefrontal cortex (DLPFC), sup-
plementary motor area (SMA), and pre-SMA—that show a height-
ened activity when individuals use these ERSs (for a meta-analysis
see Morawetz et al49). Furthermore, the use of adaptive ERSs, such as
mindfulness, was linked to reduced amygdala activation in association
with increased activity of DLPFC, MFG, anterior cingulate cortex
(ACC) parahyppocampal gyrus, hippocampus, and insula.50,51 The
involvement of this extended brain network was also replicated for
several maladaptive ERSs including suppression (i.e., greater activa-
tion of IFG/VLPFC),49 rumination (i.e., decreased activation in the
left amygdala, hippocampus, ACC, and orbitofrontal cortex),52 worry
(i.e., increased activity of MFG, IFG, and anterior insula) (for a meta-
analysis see reference 53), and experiential avoidance (i.e., reduced
activation in the left MFG and bilateral amygdala).54 Figure 2 graphi-
cally summarizes brain regions involved in ER processes.

Neurobiological models of dissociation: strengths and
limitations
The first proposal for a neurobiological model of dissociation linked
to the emotional functioning was provided by Lanius and col-
leagues.28,55 Consistently, dissociative reactions (e.g., disengagement
from the emotional content of the traumatic memory through deper-
sonalization or derealization symptoms) among patients with PTSD
has been associated with an abnormal increased activation of dorsal
ACC (dACC) and the medial PFC together with a concurrent shut-
down of limbic regions (e.g., amygdala). Recently, Chiba and col-
leagues29 have been provided a partial revision of the previous model
based on a meta-analytic review of neuroimaging and behavioral stud-
ies. The authors have suggested a reciprocal inhibition between the
amygdala and ventromedial PFC that generates dynamic alternations
between states of emotional undermodulation (i.e., hyperarousal, hyp-
ervigilance, reexperiencing) and overmodulation (i.e., hypoarousal,
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avoidance, dissociation) within the same individual affected from a
trauma-related condition.

Despite the relevance of these neurobiological approaches to
dissociation in the context of emotion functioning, some limita-
tions might be discussed. First, the previous models focus specifi-
cally on the activity of few brain areas (i.e., MFG, IFG, ACC,
amygdala). These regions only partially overlap with a more
extended and well-supported neural network involved in ER
according to the recent literature. Second, these models exclusively
refer to the explanation of dissociative responses of individuals
with PTSD. This aspect is not sufficient in the understanding of
dissociative phenomena in the context of ER, especially referring
to empirical evidence that suggests the existence of a psychopatho-
logical spectrum (i.e., SDs, CD, BPD, PTSD, DDs)19,20 character-
ized by latent dissociative mechanisms at the base of their clinical
manifestations.

Most recently, Roydeva and Reinders56 attempted to provide a
comprehensive neurobiological model of dissociation. They con-
ducted a comprehensive qualitative review of neurobiological
markers of dissociation (e.g., neuroimaging, psychobiological, psy-
chophysiological, and genetic) associated with clinical conditions
ascribed to the DS. Referring to neuroimaging results, this review
concluded that the hyperactivity of prefrontal regions, especially
SFG, medial parts of IFG, and MFG, should be considered the key
neurobiological maker of pathological dissociation. Moreover, the
qualitative discussion of results highlighted an increased activity of
ACC found across dissociative conditions. It was also discussed the
impact of a heightened insula activity, especially during the adminis-
tration of emotional stimuli. However, the authors did not definitely
support the role of ACC and insula as core neurobiological markers
of dissociation. Despite the systematic and extensive work of inte-
gration, their conclusions based on neuroimaging studies show some
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Fig. 1 (a) An integrative model of dissociation within emotion generation and regulation processes. (b) The relationships between dissociative mechanisms and emotion
regulation.
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Fig. 2 Emotion regulation brain network.
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limitations. First, the qualitative approach did not allow to precisely
estimate whether and which brain region should be considered as
key biological markers of dissociative reactions, especially referring
to their regulatory functions of affective states. Furthermore, the
qualitative approach did not allow to evaluate the heterogeneity of
brain activities across studies and clinical conditions constituting the
DS. Ultimately, this review did not evaluate whether specific pat-
terns of neural activity associated with dissociation in the context of
ER might differentiate each condition ascribed to the DS, which is
characterized by distinct clinical manifestations (for diagnostic
criteria see4,5).

The present study
Extending findings of previous reviews and meta-analyses,28,29,56 the
current study aims at quantitatively defining the involvement of the
ER brain network in the context of emotion-task functional magnetic
resonance imaging (fMRI) among disorders constituting the
DS. First, using a well-established ER network of interest (i.e. SFG,
MFG, IFG, cingulate cortex, insula, parahippocampal gyrus, hippo-
campus, and amygdala, extracted by49–54), we aimed at exploring:

1 the ER network activity in response to the administration of emo-
tional stimuli in task-fMRI across the whole DS (i.e., healthy
patients with clinically relevant levels of dissociation, SDs/CDs,
BPD, PTSD, DDs); and

2 specific patterns of neural responses to the presentation of emo-
tional stimuli for each clinical condition constituting the DS.

Accordingly, a network meta-analysis using a Bayesian hierar-
chical framework57 was used for two main reasons. First, this method
allows to robustly compute effect sizes of between-group differences
comprehensively considering the complexity of results58 reporting
brain activity of regions of interest (ROIs) across conditions. Further-
more, the network meta-analysis allows to quantitatively estimate
which ROIs might be considered the most representative neural
responses to the presentation of emotional stimuli across the whole
DS and within each clinical condition ascribed to it.58 These advan-
tages might address limitations previously discussed concerning the
clarification of key patterns of neural activity underlying the whole
DS.56 Moreover, this methodological approach might sustain exten-
sions of existing neurobiological models of dissociative-related disor-
ders28,29 above and beyond the PTSD.

Ultimately, to further corroborate our investigation and to neuro-
scientifically support the validity of a psychopathological spectrum
characterized by common latent mechanisms,21 we used a whole brain
robust voxel-based approach to explore and confirm the existence of
a neural response to emotional stimuli shared by disorders included in
the DS.

Methods
Criteria for selecting studies
The current meta-analytic review was conducted in line with MARS
(Meta-Analysis Reporting Standards) of the American Psychological
Association59 and PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) guidelines.60 Figure 3 summarizes
the inclusion process of studies. To consider studies of comparable
quality, the analysis included only studies that were published in sci-
entific journals. PsychINFo, PubMed, ISI Web of Knowledge, and
Scopus online databases were used to generate potentially relevant
articles.

The online research was based on the following keywords:
“dissociation,” “dissociat* experiences,” “dissociat* symptoms,”
“depersonalization,” “derealization,” “absorption,” “somatoform
dissociation,” “detachment,” “compartmentalization” AND “somatoform
disorder,” “conversion disorder,” “nonepileptic seizures” “borderline
personality disorder,”, “post-traumatic stress disorder,”, “ptsd,”
“complex post-traumatic stress disorder,” “complex ptsd,”

“dissociative disorders” AND “fmri,” “functional magnetic reso-
nance imaging,” “brain imaging,” “neuroimaging.” These key words
were used in each online database. Keywords related to clinical con-
ditions ascribed to the DS were chosen referring to the highest tail
of the dissociative continuum showed by Lyssenko and colleagues.19

Furthermore, we included specific keywords for complex PTSD
according to a growing support for the validity and reliability of this
diagnosis61 and its differentiation from other disorders of the DS,
such as PTSD and BPD.62,63

M.C. and A.S. conducted the online research. The screening pro-
cess was double-checked in order to produce a reliable initial sample
of articles to consider for the inclusion in the meta-analysis. From the
initial online research, M.C. and A.S. considered for the screening
process all articles that showed, within the abstract section, at least an
assessment of dissociation or conditions included in the DS and
experimental paradigms that administered emotional stimuli within
fMRI tasks. Cohen k64 was estimated for interrater reliability of stud-
ies selection.

In order to be included in the current meta-analytic review, the
studies met the following inclusion criteria to support both the valid-
ity and the reliability of results:

1 All studies assessed clinical conditions with a high level of dissoci-
ation referring to valid and reliable diagnostic criteria (i.e., DSM
and International Classification of Diseases);

2 According to empirical evidence regarding the large heterogeneity
of dissociation among individuals with BPD,65,66 studies evaluating
the brain activity of individuals with BPD should include patients
with high levels of dissociation or individuals with BPD who expe-
rienced comorbid conditions included in the DS (e.g., PTSD
and DDs);

3 Studies that included participants recruited from the general popu-
lation with high levels of dissociation should report clinically rele-
vant scores using valid and reliable assessment tools;

4 All experimental paradigms administered emotional stimuli
(e.g., pictures, trauma-related words, and script-driven imagery
tasks) during the acquisition of brain activity through fMRI;

5 All experimental paradigms referred to the exposure to emotional
stimuli without engaging in any cognitive tasks after their presenta-
tion. This approach should effectively support the comparability of
results among studies and clinical conditions ascribed to the DS,
controlling for possible confounding effects linked to the heteroge-
neity of intentional cognitive processes within and between studies
included for meta-analytic procedures;

6 Studies included should have compared neural activity between a
group characterized by phenomenological manifestations associated
with underlying dissociative mechanisms (DG; clinical and non-
clinical) and a healthy control (HC) group/group with low levels of
dissociation (LDG);

7 Studies included should have compared brain activity of DG and
LDG after the administration of stimuli with different emotional
valences. Considering single-group design studies, the experimen-
tal condition administering neutral stimuli was considered as the
control condition for the analysis.

Age and sex were not considered exclusion criteria of the meta-
analysis. However, analysis explored their possible moderator effect
on effect sizes. Table S1 included as supplementary material summa-
rizes characteristics of studies and related references included in the
current meta-analysis.

Data analyses
The current work was based on two different meta-analytic methods.
First, we conducted a ROI-based approach applying a network meta-
analysis using a Bayesian hierarchical framework through the
{gemtc} R package.57 The most relevant advantage of the {gemtc}
R package is that it automates most parts of the Bayesian inference
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process, especially those related to the choice of adequate prior distri-
butions for all parameters in the model (for a detailed description of
rationale and statistical procedures see57:). The Markov Chain Monte
Carlo simulation was used to estimate the posterior distributions of
model parameters, and thus to generate the results of network meta-
analysis, namely a pooled effect size (dpooled) and its 95% credible
interval (CrI). The analyses were conducted assuming a random-effect
model using a normal likelihood distribution in line with continuous
data reported by studies included. The Cohen d67 was computed as a
measure of effect size together with its standard error (SE) according
to procedures needed to conduct network meta-analysis using the
{gemtc} R package.57 The Cohen d reflects the extent of difference
of neural response between groups (i.e., DG vs HC/LDG) or between
experimental conditions (i.e., emotional stimuli vs neutral stimuli) for
single-group design studies. The index was primarily calculated using
t and z values of peaks reported in the Results section of each study
using appropriate procedures proposed by Borenstein and col-
leagues68 and Wolf69 to convert the previous indexes to d. The

nodesplit method70 was adopted in order to assess the inconsistency
of results within the network.

The Bayesian network meta-analysis also allows to conduct a
meta-regression analysis evaluating the impact of relevant variables
(age, percentage of women, years of publication, type of emotional
stimuli [external stimuli vs script-driven], and severity of dissociative,
depressive, and anxious symptoms) on effect sizes. According to the
hypotheses of study, the Surface Under the Cumulative Ranking
(SUCRA) score71 was estimated in order to identify which brain
activities could be the most representative for both the whole DS and
each clinical condition ascribed to it. The SUCRA score reflects the
cumulative probability of an ROI within the distribution of probabili-
ties of analyzed ROIs to be the most representative considering the
extent of brain activity differences between DG and HC/LDG. This
index was computed considering both directions of effects sizes
(i.e., negative = deactivation; positive = activation).

We also conducted a voxel-based meta-analysis of neuroimaging
evidence using the Seed-based d Mapping Permutation of Subject

Sum of initial results from online databases 

(n = 3331) 

Articles assessed for inclusion
eligibility (n = 174)  

Cohen k = .84  

Articles included (n = 44) 

Articles excluded (n = 130): 

Not valid and reliable 
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Not available data (n =6 ) 
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Fig. 3 CONSORT (Consolidated Standards of Reporting Trials) flow chart of studies inclusion process.
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Images (SDM-PSI) (https://www.sdmproject.com/).72 First, the SDM
incorporates information about differences in effect size and the spa-
tial correlations of different brain tissue types. Second, the SDM con-
ducts permutation testing at the subject level that allows to estimate
the statistical significance using voxel-wise tests. Third, the SDM
uses voxel-wise significance combined with threshold-free cluster
enhancement (i.e., a method that simulates cluster-wise effects by
enhancing voxel-wise statistical values for voxels, which are close
together) to adequately control for multiple comparisons while
avoiding the use of arbitrary cluster size thresholds. Ultimately, voxel-
based meta-analytic results were corrected using a family-wise error
(i.e., P < 0.005) approach together with a threshold-free cluster
enhancement.

Results
Descriptive statistics
Figure 3 summarizes the inclusion process of studies. The analysis
showed good interrater reliability values (Cohen k = 0.84) for the
screening of articles. Forty-four independent studies were included
for a total of 1384 individuals (DG = 741 patients) with a mean age
of 34.95 years (standard deviation = 7.30 years). Seventeen studies
(38.6%) assessed self-report levels of dissociative symptoms between
groups showing that individuals ascribed to the DG had up to eight
times (mean = 7.98; standard deviation = 9.77) greater severity of
these phenomena than comparison conditions. Nineteen studies
(43.1%) highlighted that the DG showed five times (mean = 5.47;
standard deviation = 5.39) higher levels of depressive symptoms than
control groups and, two times higher levels of anxiety (n = 7
[15.9%]; mean = 2.14 [standard deviation = 1.18]). Table 1 summa-
rizes descriptive statistics regarding characteristics of studies included
for meta-analytic procedures together with the frequency of ROIs
activity revealed among studies. Table S1 provides a detailed descrip-
tion of Cohen d and its 95% confidence interval of each ROI together
with preprocessed data of the SDM algorithm and related effect sizes.

Network meta-analysis
Overall dissociative spectrum

Table 2 summarizes effect sizes and related 95% CrIs of each ROI
together with SUCRA values. Referring to a decreased neural activity
in response to emotional stimuli, parahippocampal gyrus (dpooled =
�2.40, 95% CrI: [�3.20 to �1.70]; SUCRA = 0.94), insula
(dpooled = �2.40, 95% CrI: [�3.30 to �1.50]; SUCRA = 0.93), and
amygdala (dpooled = �1.90, 95% CrI: [�2.40 to �1.30]
SUCRA = 0.80) were the most representative regions of the
DS. Considering a heightened neural response, the hippocampus
(dpooled = 1.50 [1.0–2.0]; SUCRA = 0.92), the cingulate cortex
(dpooled = 1.40, 95% CrI: [1.10–1.70]; SUCRA = 0.87), and the MFG
(dpooled = 1.30, 95% CrI: [1.10–1.60]; SUCRA = 0.83) represented
key brain regions of the DS.

The network meta-regression (independent variables = sample
size, age, percentage of women, years of publication, type of emo-
tional stimuli, severity of dissociative, and depressive and anxious
symptoms) found significant negative relationships between sample
sizes and the extent of ROI effect sizes (β = �0.35, 95% conficende
interval: [�58 to �0.14]; P < 0.001). The nodesplit analysis showed
significant inconsistency within the network (i.e., six significant dif-
ferent estimations using direct and indirect values). According to this
inconsistency and the hypotheses of study, we conducted a network
meta-analysis for each specific condition ascribed to the DS.

BPD with high levels of dissociation

Table 3 summarizes effect sizes of each ROI and related SUCRA
values. The nodesplit analysis confirmed the consistency of network.
Despite the extent of large effect sizes for all ROIs, the Bayesian esti-
mation showed that all 95% CrIs associated with pooled effect sizes
of ROIs included the 0. The SUCRA analysis showed that the deacti-
vation of amygdala (dpooled = �2.00, 95% CrI: [�5.00–0.71];

SUCRA = 0.96) was the most representative neural response of indi-
viduals with BPD characterized by a high level of dissociation, com-
pared with the other heightened brain activities.

CD and SDs

Table 4 highlights that patients with CD/SDs were characterized by a
large deactivation of the MFG (dpooled = �3.58, 95% CrI: [�7.20 to
�0.51]), the insula (dpooled = �2.20, 95% CrI: [�4.70 to �0.43]),
and the parahippocampal gyrus (dpooled = �1.90, 95% CrI: [�4.10 to
�0.06]) together with a large hyperactivation of hippocampus
(dpooled = 3.70, 95% CrI: [0.68–6.50]). The nodesplit analysis
supported the consistency of the network. SUCRA values showed that
the most representative brain activity in response to emotional stimuli
among individuals with CD/SDs were hyperreactivity of the hippo-
campus (SUCRA = 0.97) and reduced activity of the MFG
(SUCRA = 0.93) and the insula (SUCRA = 0.77).

PTSD related to single nonrelational traumatic experiences

Table 5 summarizes results of network meta-analysis for patients with
PTSD who were exposed to single nonrelational traumatic experi-
ences. The Bayesian estimation of effect sizes showed large differ-
ences between patients with PTSD and control conditions considering
all ROIs. The nodesplit analysis did not reveal inconsistency within
the network. The SUCRA analysis suggested that the most represen-
tative brain responses to emotional stimuli of individuals with PTSD

Table 1. Descriptive statistics of studies (N = 44)

Number Percentage

Only women 18 31.8
Only men 1 2.3
Men and women 25 56.8
Individualized script-driven stimuli 29 65.9
Emotional stimuli (i.e., pictures, words,
videoclips, and audio)

15 34.1

Borderline personality disorder 5 11.3
Somatoform disorder and conversion
disorder

6 13.6

PTSD single nonrelational traumatic
experiences

17 38.6

PTSD repeated interpersonal traumatic
experiences

11 25.0

Dissociative disorders 4 9.1
" Cingulate cortex 14 31.8
" Middle frontal gyrus 12 27.2
" Superior frontal gyrus 10 22.7
" Insula 10 22.7
"Amygdala 10 22.7
" Inferior frontal gyrus 7 15.9
"Parahippocampal gyrus 6 13.6
" Hippocampus 4 9.0
# Middle frontal gyrus 5 27.2
# Amygdala 4 9.0
# Parahippocampal gyrus 3 6.8
# Hippocampus 3 6.8
# Insula 2 4.5
#Cingulate 2 4.5
#Inferior frontal gyrus 2 4.5
# Superior frontal gyrus 1 2.2

Abbreviation: PTSD, posttraumatic stress disorder.
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were reduced activity of the hippocampus (dpooled = �2.00, 95% CrI:
[�2.90 to �1.00]; SUCRA = 0.92), the IFG (dpooled = �1.80, 95%
CrI: [�2.50 to �1.00]; SUCRA = 0.87), and the SFG

(dpooled = �1.60, 95% CrI: [�2.50 to �0.64]; SUCRA = 0.82)
together with an enhanced reactivity of the amygdala (dpooled = 1.50,
95% CrI: [0.65–2.30]; SUCRA = 0.87), the parahippocampal gyrus

Table 2. ROIs across the dissociative spectrum

ROIs dpooled (95% CrI)
SUCRA
deactivation ROIs dpooled (95% CrI)

SUCRA
activation

#Parahippocampal gyrus (n = 3) �2.40 (�3.20 to �1.70) 0.94 "Hippocampus 1.50 (1.0–2.0) 0.92
#Insula (n = 2) �2.40 (�3.30 to �1.50) 0.93 "Cingulate cortex 1.40 (1.10–1.70) 0.87
#Amygdala (n = 4) �1.90 (�2.40 to �1.30) 0.80 "Middle frontal gyrus 1.30 (1.10–1.60) 0.83
#Hippocampus (n = 3) �1.80 (�2.50 to �1.20) 0.79 "Inferior frontal gyrus 1.30 (0.88–1.70) 0.80
#Inferior frontal gyrus (n = 2) �1.60 (�2.40 to �0.85) 0.74 "Superior frontal gyrus 1.30 (1.00–1.60) 0.79
#Superior frontal gyrus (n = 1) �1.60 (�2.60 to �0.61) 0.73 "Parahippocampal gyrus 1.20 (0.75–1.60) 0.73
#Cingulate cortex (n = 2) �1.40 (�2.20 to �0.72) 0.68 "Amygdala 1.10 (0.78–1.50) 0.68
#Middle frontal gyrus (n = 5) �1.20 (�1.70 to �0.75) 0.61 "Insula 1.10 (0.77–1.40) 0.65
"Insula (n = 10) 1.10 (0.77–1.40) 0.35 #Middle frontal gyrus �1.20 (�1.70 to �0.75) 0.39
"Amygdala (n = 10) 1.10 (0.78–1.50) 0.32 #Cingulate cortex �1.40 (�2.20 to �0.72) 0.32
"Parahippocampal gyrus (n = 6) 1.20 (0.75–1.60) 0.27 #Superior frontal gyrus �1.60 (�2.60 to �0.61) 0.27
"Superior frontal gyrus (n = 10) 1.30 (1.00–1.60) 0.21 #Inferior frontal gyrus �1.60 (�2.40 to �0.85) 0.26
"Inferior frontal gyrus (n = 7) 1.30 (0.88–1.70) 0.20 #Hippocampus �1.80 (�2.50 to �1.20) 0.21
"Middle frontal gyrus (n = 12) 1.30 (1.10–1.60) 0.17 #Amygdala �1.90 (�2.40 to �1.30) 0.20
"Cingulate cortex (n = 14) 1.40 (1.10–1.70) 0.13 #Insula �2.40 (�3.30 to �1.50) 0.07
"Hippocampus (n = 4) 1.50 (1.0–2.0) 0.08 #Parahippocampal gyrus �2.40 (�3.20 to �1.70) 0.06

Abbreviations: CrI, credible interval; ROI, region of interest; SUCRA, Surface Under the Cumulative Ranking,
# = reduced activity; " = increased activity

Table 3. Borderline personality disorder

ROIs dpooled (95% CrI)
SUCRA
deactivation ROIs dpooled (95% CrI)

SUCRA
activation

#Amygdala (n = 2) �2.00 (�5.00 to 0.71) 0.96 "Insula 2.60 (�1.30 to 7.10) 0.75
"Middle frontal gyrus (n = 1) 1.50 (�2.10 to 5.50) 0.45 "Inferior frontal gyrus 2.20 (�1.60 to 6.7) 0.69
"Cingulate cortex (n = 1) 1.80 (�1.90 to 6.2) 0.40 "Superior frontal gyrus 1.90 (�0.82 to 5.50) 0.63
"Superior frontal gyrus (n = 2) 1.90 (�0.82 to 5.50) 0.37 "Cingulate cortex 1.80 (�1.90 to 6.2) 0.60
"Inferior frontal gyrus (n = 1) 2.20 (�1.60 to 6.7) 0.31 "Middle frontal gyrus 1.50 (�2.10 to 5.50) 0.55
"Insula (n = 1) 2.60 (�1.30 to 7.10) 0.25 #Amygdala �2.00 (�5.00 to 0.71) 0.04

Abbreviations: CrI, credible interval; ROI, region of interest; SUCRA, Surface Under the Cumulative Ranking.

Table 4. Conversion disorder and somatoforms disorders

ROIs dpooled (95% CrI)
SUCRA
deactivation ROIs dpooled (95% CrI)

SUCRA
activation

#Middle frontal gyrus (n = 1) �3.58 (�7.20 to �0.51) 0.93 "Hippocampus 3.70 (0.68 to 6.50) 0.97
# Insula (n = 2) �2.20 (�4.70 to �0.43) 0.77 "Parahippocampal gyrus 1.70 (�1.30 to 4.80) 0.81
#Parahippocampal gyrus (n = 2) �1.90 (�4.10 to �0.06) 0.71 "Cingulate Cortex 1.60 (�1.40 to 4.60) 0.79
#Hippocampus (n = 2) �1.70 (�3.90 to 0.15) 0.65 #Amygdala �1.70 (�3.90 to 0.16) 0.36
#Amygdala (n = 2) �1.70 (�3.90 to 0.16) 0.64 #Hippocampus �1.70 (�3.90 to 0.15) 0.35
"Cingulate cortex (n = 1) 1.60 (�1.40 to 4.60) 0.21 #Parahippocampal gyrus �1.90 (�4.10 to �0.06) 0.29
"Parahippocampal gyrus (n = 1) 1.70 (�1.30 to 4.80) 0.19 #Insula �2.20 (�4.70 to �0.43) 0.23
"Hippocampus (n = 1) 3.70 (0.68– 6.50) 0.03 #Middle frontal gyrus �3.58 (�7.20 to �0.51) 0.07

Abbreviations: CrI, credible interval; ROI, region of interest; SUCRA, Surface Under the Cumulative Ranking.
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(dpooled = 1.50, 95% CrI: [0.65–2.30]; P < 0.001; SUCRA = 0.78),
and the cingulate cortex (dpooled = 1.20, 95% CrI: [0.86–1.50];
SUCRA = 0.76).

PTSD related to repeated interpersonal traumatic
experiences

Table 6 provides results of network meta-analysis for patients with
PTSD-IT. Results showed consistent heightened neural responses to
emotional stimuli among individuals with PTSD-IT compared with
control conditions. The effect sizes were large. The SUCRA values
suggested that the most representative brain responses of individuals
with PTSD-IT were an enhanced activity of the MFG (dpooled = 1.20,
95% CrI: [0.77–1.80]; SUCRA = 0.79), the cingulate cortex
(dpooled = 1.20, 95% CrI: [0.79–1.60]; SUCRA = 0.74), and the IFG
(dpooled = 1.20, 95% CrI: [0.56–1.80]; SUCRA = 0.70).

Dissociative disorders

Table 7 reports results of network meta-analysis. Findings showed
that patients with DDs were characterized by a consistent heightened
brain activity in response to emotional stimuli compared with con-
trols. All ROIs highlighted large effect sizes. The SUCRA values
suggested that enhanced responses of the MFG (dpooled = 2.30, 95%

CrI: [0.77–4.00]; SUCRA = 0.72), the cingulate cortex
(dpooled = 2.10 [0.67–3.90]; SUCRA = 0.67), and the para-
hippocampla gyrus (dpooled = 2.20, 95% CrI: [0.23–4.40];
SUCRA = 0.67) were the most representative for DDs.

Summary of network meta-analysis

A deactivation of limbic areas (i.e., amydgala and parahippocampal
gyrus) and the insula together with heightened responses of the hip-
pocampus, the cingulate cortex, and the MFG represented the most
relevant ROIs characterizing the whole DS in response to emotional
stimuli. Going within the DS, SUCRA analyses suggested that BPD
and CD/SDs were mainly characterized by decreased responses within
specific ROIs (i.e., amygdala, insula, and MFG). On the contrary,
individuals with PTSD linked to single nonrelational traumatic expe-
riences showed a mixed functioning, namely deactivation
(i.e., hippocampus and frontal regions) and activation (i.e., limbic
regions and cingulate cortex) of different ROIs within the ER net-
work. Ultimately, PTSD-IT and DDs showed similar increased and
consistent neural responses of the ER network to emotional stimuli,
which were mainly represented by heightened activity of the MFG
and the cingulate cortex (see Fig. 4 for a summary of network meta-
analytic findings).

Voxel-based meta-analysis
Figure 4 and Table 8 show meta-analytic results using the SDM algo-
rithm. The analysis found that the left anterior cingulate/paracingulate

Table 5. PTSD related to single nonrelational traumatic experiences

ROIs dpooled (95% CrI)
SUCRA
deactivation ROIs dpooled (95% CrI)

SUCRA
activation

#Hippocampus (n = 1) �2.00 (�2.90 to �1.00) 0.92 "Amygdala 1.50 (0.65–2.30) 0.87
#Inferior frontal gyrus (n = 2) �1.80 (�2.50 to �1.00) 0.87 "Parahippocampal gyrus 1.30 (0.36–2.20) 0.78
#Superior frontal gyrus (n = 1) �1.60 (�2.50 to �0.64) 0.82 "Cingulate cortex 1.20 (0.86–1.50) 0.76
#Middle frontal gyrus (n = 3) �1.60 (�2.10 to �1.00) 0.80 "Superior frontal gyrus 1.20 (0.83–1.50) 0.75
#Cingulate cortex (n = 2) �1.40 (�2.00 to �0.73) 0.75 "Inferior frontal gyrus 1.20 (0.61–1.70) 0.74
"Middle frontal gyrus (n = 4) 1.1 (0.58–1.60) 0.32 "Insula 1.00 (0.16–1.90) 0.69
"Insula (n = 1) 1.00 (0.16–1.90) 0.31 "Middle frontal gyrus 1.1 (0.58–1.60) 0.68
"Inferior frontal gyrus (n = 3) 1.20 (0.61–1.70) 0.26 #Cingulate cortex �1.40 (�2.00 to �0.73) 0.25
"Superior frontal gyrus (n = 4) 1.20 (0.83–1.50) 0.25 #Middle frontal gyrus �1.60 (�2.10 to �1.00) 0.20
"Cingulate cortex (n = 6) 1.20 (0.86–1.50) 0.24 #Superior frontal gyrus �1.60 (�2.50 to �0.64) 0.18
"Parahippocampal gyrus (n = 1) 1.30 (0.36–2.20) 0.22 #Inferior frontal gyrus �1.80 (�2.50 to �1.00) 0.13
"Amygdala (n = 1) 1.50 (0.65–2.30) 0.13 #Hippocampus �2.0 (�2.90 to �1.00) 0.08

Abbreviations: CrI, credible interval; ROI, region of interest; SUCRA, Surface Under the Cumulative Ranking.

Table 6. PTSD related to repeated interpersonal traumatic
experiences

ROIs dpooled (95% CrI)
SUCRA
activation

"Middle frontal gyrus (n = 4) 1.20 (0.77–1.80) 0.79
"Cingulate cortex (n = 4) 1.20 (0.79–1.60) 0.74
"Inferior frontal gyrus (n = 2) 1.20 (0.56–1.80) 0.70
"Superior frontal gyrus (n = 3) 1.10 (0.66–1.60) 0.64
"Parahippocampal gyrus (n = 3) 0.93 (0.46–1.50) 0.46
"Insula (n = 6) 0.91 (0.61–1.30) 0.41
"Amygdala (n = 6) 0.90 (0.57–1.30) 0.40
"Hippocampus (n = 2) 0.82 (0.23–1.40) 0.36

Abbreviations: CrI, credible interval; ROI, region of interest;
SUCRA, Surface Under the Cumulative Ranking.

Table 7. Dissociative disorders

ROIs dpooled (95% CrI)
SUCRA
activation

"Middle frontal gyrus (n = 2) 2.30 (0.77–4.00) 0.72
"Cingulate cortex (n = 2) 2.10 (0.67–3.90) 0.67
"Parahippocampal gyrus (n = 1) 2.20 (0.23–4.40) 0.67
"Superior frontal gyrus (n = 1) 1.80 (�0.03–4.00) 0.54
"Amygdala (n = 1) 1.60 (�0.42–3.60) 0.46
"Insula (n = 2) 1.60 (0.08–3.20) 0.45

Abbreviations: CrI, credible interval; ROI, region of interest;
SUCRA, Surface Under the Cumulative Ranking.
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(a) Summary of network meta-analysis
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(b) Voxel-based meta-analysis
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Fig. 4 Summary of (a) network- and (b) voxel-based meta-analysis. CrI, credible interval; dACC, dorsal anterior cingulate cortex; PTSD, posttraumatic stress disorder.

Table 8. SDM results for voxel-based meta-analysis

MNI coordinate x, y, z SDM-Z P value Description Brodmann area

0, 24, 28 4.53 0.004 Left anterior cingulate/paracingulate gyrus 24
0, 16, 30 4.39 0.004 Left anterior cingulate/paracingulate gyrus 24
4, 28, 28 4.37 0.004 Right anterior cingulate/paracingulate gyrus 24
0, 30, 28 4.36 0.004 Left anterior cingulate/paracingulate gyrus 24

Abbreviations: MNI, Montreal Neurological Institute; SDM, Seed-based d Mapping.

Psychiatry and Clinical Neurosciences 9

PCNPsychiatry and
Clinical Neurosciences Responses across dissociative spectrum

 14401819, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pcn.13547 by U

niversität W
ien, W

iley O
nline L

ibrary on [30/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



gyrus (x = 0; y = 24; z = 28; Z = 4.53; P = 0.004; number of
voxels = 70) was the key region characterizing the neural response to
emotional stimuli of conditions ascribed to the DS. Specifically, the
DG showed a significant and consistent heightened activity of this
region (Hedges gvoxel = 0.14, 95% confidence interval: [0.08–0.20];
P < 0.005; Q2 = 30.63; not significant; I2 = 1.69). Egger regression
did not detect publication bias (a = 0.35; not significant).

Discussion
The current quantitative meta-analysis sought to clarify neural
responses to emotional stimuli across the whole DS and within each
condition ascribed to this psychopathological spectrum. The current
study adopted a network meta-analytic approach focusing on ROIs
relevant for ER processes together with a robust voxel-based meta-
analysis. These methods were chosen in order to address limitations
and to extend findings of prior neurobiological models of
dissociation.28,29,56

The network meta-analysis confirmed that all ROIs comprising
the ER network largely differentiated individuals ascribed to the DS
from control conditions. Particularly, the analysis found differences
between groups considering both heightened and reduced brain
responses to the presentation of emotional stimuli. Particularly, the
most representative neural response of individuals included in the DS
were large deactivations of the amygdala, the parahippocampal gyrus,
and the insula together with heightened activities of the hippocampus,
the cingulate cortex, and the MFG.

Looking at evidence concerning the role of amygdala and para-
hippocampal gyrus in explaining automatic emotional processing,73,74

the deactivation of these regions might be in line with clinical studies
that reported common difficulties with a coherent encoding of
emotional-eliciting events linked to maladaptive effects of dissociative
reactions among conditions included in the DS.34,35 The inhibition of
limbic activity in response to emotional-eliciting stimuli is also in line
with Chiba and colleagues’ model28 that views dissociative phenom-
ena as a nonvoluntary attentional escape from threatening situations,
which is mainly sustained by a deactivation of amygdala. This neuro-
biological evidence also fits with evidence-based psychological frame-
works that have demonstrated a rigid avoidance function of
dissociation in the context of ER.48

The large deactivation of insula might also suggest an additional
maladaptive feature of neural response to emotional stimuli of indi-
viduals included in the DS, namely the lack of integration of different
aspects of affective reactions (e.g., body sensations, impulse, arousal,
cognitive features, and subjective experiences)36–38 within the
self.39,42,75 This consideration is well-supported by a large number of
empirical data that have demonstrated a key role of insula activation
in sustaining adaptive interoception,76 emotional awareness,77 and the
development of complex mental representations of emotional
reactions.78,79

Meta-analytic findings also highlighted that the DS recurrently
showed a heightened activity of regions (i.e., cingulate cortex and
MFG) involved in top-down cognitive control of emotions, especially
referring to response-focused ERSs.49 This evidence is in line with
the Lanius and colleagues’ model of PTSD dissociative subtype,28

and it might be linked to previous meta-analytic results that showed a
robust association between dissociative phenomena and psychological
ERSs with a cognitive overmodulatory function of affective states.48

Interestingly, the analyses showed a key role of hyperactivity of the
hippocampus in response to emotional stimuli among individuals
included in the DS. The role of the hippocampus together with the
previously mentioned responses of the ER brain network, especially
the reduced amygdala activation, might suggest alterations of emo-
tional learning (i.e., fragmented representations of emotional-eliciting
events within memory systems and impairments of retrieval),33,80

which are reported across conditions included in the DS.81–83

However, the analyses also suggested the need to separately explore
the neural functioning of each clinical condition of the DS.

Borderline personality disorder
The network meta-analysis found that individuals with BPD charac-
terized by high levels of dissociation showed reduced activity of the
amygdala together with heightened activity of the MFG, cingulate
cortex, SFG, IFG, and insula. This neural profile might suggest an
implicit overcontrol of emotional responses associated with a
shoutdown of limbic activity, which has been associated with deper-
sonalization and derealization symptoms28 representing diagnostic
features of this disorder.4 On the one hand, meta-analytic results
showed large effect sizes for all ROIs. On the other hand, these effect
sizes showed 95% CrIs that included the 0. This evidence is not fully
surprising considering the large heterogeneity of severity of dissocia-
tion among individuals with BPD.65,66 According to the current neu-
robiological results and clinical perspectives, we could suggest that
dissociative mechanisms with a function of ER represent a relevant,
albeit not core, feature of BPD.20

CD and SDs
Patients with CD/SDs highlighted a large deactivation of MFG,
insula, and parahippocampal gyrus in response to emotional stimuli
compared with control conditions. Accordingly, these neural
responses to emotional stimuli might suggest that CD/SDs are charac-
terized by alterations of integrative mechanisms considering different
domains of functioning, namely: (i) encoding processes of emotional-
eliciting situations; (ii) mind–body representations of emotional reac-
tions; and (iii) episodic memory consolidation and retrieval.74,79,84–86

Therefore, these results might support the clinical perspective that
includes CD and SDs within the DS.27 For these conditions, the key
dissociative mechanisms might refer to alternations of integrative pro-
cesses during the stages of emotion generation and regulation.

PTSD related to single nonrelational traumatic
experiences
The network meta-analysis highlighted that: (i) all ROIs included in
the ER network largely differentiated individuals with PTSD from
control conditions; (ii) prefrontal areas (i.e., IFS, MFG, and SFG) and
the cingulate cortex showed both heightened and reduced responses
to the presentation of emotional stimuli; and (iii) the most representa-
tive differences in brain responses between patients with PTSD and
control groups were a deactivation of hippocampus together with a
hyperreactivity of the amygdala and the parahippocampal gyrus.

The coexistence of both heightened and reduced prefrontal
responses to emotional stimuli partially confirms Chiba and col-
leagues’ model29 of PTSD based on a reciprocal inhibition between
the amygdala and prefrontal areas. Particularly, the heightened reac-
tivity of the amygdala and the parahippocampus together with the
deactivation of prefrontal areas (i.e., IFS, MFG, and SFG) overlap
with the undermodulation state proposed by previous neurobiological
models of PTSD,28,29 which is characterized by a predominance of
positive dissociative phenomena (e.g., reexperiencing). This conclu-
sion could be further supported by the key role of hippocampus deac-
tivation, especially referring to clinical perspectives that view
dissociative reexperiencing as brief and intense trauma-related misper-
ceptions of environmental sensory stimuli.87 Indeed, the hippocampus
activity is crucial for recognition memory, which includes the ability
to judge the prior occurrence of a stimuli constellation88 or to evalu-
ate environmental stimuli as familiar.89

However, meta-analytic results also highlight significant and
large activations of the cingulate cortex and prefrontal regions
(i.e., IFG and SFG) among patients with PTSD. These results might
partially support the hypothesis regarding the PTSD overmodulation
state proposed by Chiba and colleagues,29 who explain the PTSD dis-
sociative subtype through a hypermodulation of affective states asso-
ciated with dissociative prefrontal-based avoidance reactions
(e.g., depersonalization and derealization).

Current meta-analytic data show a heightened response of the
amygdala to emotion stimuli contrary to prior neurobiological models
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of PTSD dissociative subtype.28,29 This evidence was not fully sur-
prising in light of robust associations between depersonalization/
derealization reactions and PTSD hyperarousal cluster of symp-
toms.90,91 Furthermore, psychophysiological studies on depersonaliza-
tion consistently showed an association between this phenomenon
and a heightened tonic arousal (for a meta-analysis see92). The
same finding was replicated across several studies evaluating psycho-
physiological responses of patients with PTSD (for a meta-analysis
see93). Therefore, this neurobiological evidence might support that
patients with PTSD may be characterized by an extensive and
dynamic constellation of dissociative mechanisms (i.e., positive disso-
ciative symptoms, overmodulatory, or avoidance dissociative pro-
cesses) in response to emotional stimuli compared with controls.

PTSD related to repeated interpersonal traumatic
experiences
Meta-analytic results highlighted three main findings: (i) the most
representative neural responses refer to a heightened activity of pre-
frontal regions (i.e., MFG, IFG, and SFG) and the cingulate cortex;
(ii) the most recurrent results reported across studies were
hyperreactivity of amygdala and insula; and (iii) the patterns of neural
activity in response to emotional stimuli was qualitatively different
from individuals with PTSD who were exposed to single non-
relational traumatic experiences.

According to considerations discussed in the previous sections,
the heightened prefrontal and cingulate cortex responses to emotional
stimuli might be associated with overmodulatory mechanisms that
alter emotional reactions and related somatosensory experiences. This
neurobiological evidence is in line with clinical studies that highlight
a role of maladaptive ERSs with a function of overcontrol of affective
states (i.e., expressive suppression and nonacceptance) as core ER
mechanisms adopted by individuals with complex PTSD.94,95

Interestingly, one of the most recurrent findings was the
hyperreactivity of the amygdala in response to emotional stimuli. Fur-
thermore, the current meta-analysis showed relevant implications of a
heightened insula activity. There are consistent findings suggesting
that the hyperreactivity of the amygdala is involved in implicit threats
processing, especially among patients with PTSD.96 Several neurobio-
logical studies also show that the insula is associated with two differ-
ent neuromental activities, including processing of emotional valence,
long-term retention of appetitive-aversive-novelty-driven learning, and
decision-making processes based on the anticipation of negative and
positive outcomes.97 Accordingly, these neural responses might also
suggest key alterations of threat appraisal of a wide range of
emotional-eliciting situations, which have been associated with mal-
adaptive effects of dissociative processes.98 Ultimately, the current
meta-analysis provides a provisional neurobiological support for
growing evidence related to the distinction between complex PTSD
and PTSD.99

Dissociative disorders
Meta-analytic results showed that individuals with DDs highlighted
an increased neural response to emotional stimuli compared with con-
trol conditions, which was similar to individuals with PTSD-IT.
Indeed, a consistent enhanced response to emotional stimuli of pre-
frontal areas (i.e., MFG, and SFG), the cingulate cortex, the para-
hippocampal gryus, and the amygdala together with the insula was
found. Furthermore, there was a substantial overlap of the extent of
effect sizes found among individuals with DDs and PTSD-IT
(Tables 6 and 7). This evidence might provide empirical support for
clinical theories that identify a trauma-related spectrum that includes
PTSD, complex PTSD, and more complex dissociative conditions
such as dissociative disorder not otherwise specified and DID.10,31

ACC as a dissociative signature across the spectrum
The robust voxel-based meta-analysis showed that clinical conditions
constituting the DS showed a heightened activity of dACC in

response to emotional stimuli compared with control groups. Refer-
ring to the emotional functioning, empirical evidence has demon-
strated that the dACC is a key region involved in threat and noxious
stimuli appraisal100 and it supports the expressions of negative affec-
tive states (e.g., fear),101 especially experiences of pain102 and related
emotional components.103 Moreover, a recent fMRI meta-analysis104

showed a key role of dACC in connection with right anterior insula
(as part of the salience network) on the functional relationship
between interoception and ER. Taken these findings together, the key
role of dACC in the whole DS suggests an abnormal detected
internal-external salience in response to emotional stimuli. Moreover,
imaging studies have found a robust association between dACC and
several processes relevant for ER, namely conflict monitoring and
emotional awareness,105–109 that are affected by dissociative mecha-
nisms during emotional tasks among individuals included in the
DS.110,111

Therefore, the involvement of dACC among conditions included
in the DS could support the hypothesis that: (i) they are characterized
by implicit and rigid evaluations of external and internal emotionally
relevant situations as threatening and/or noxious for own mental and
physical integrity; (ii) they experience emotions associated with pain-
ful sensations, which could reflect a correspondence between physical
and psychological pain112; and (iii) difficulties with the management
of real or perceived threatening situations reported by individuals
included in the DS might be linked to altered emotional awareness
and conflict monitoring processes.113,114

Limitations
Despite the evidence provided in the previous sections, some limita-
tions must be discussed. First, the brain network of patients with BPD
who had high levels of dissociation were based on a limited number
of independent studies (n = 5). This might provide a possible expla-
nation for the 95% CrIs that included the 0. Accordingly, further neu-
roimaging research should be conducted on this well-recognized
subgroup of patients with BPD,64,65 especially comparing them with
individuals with BPD who do not report dissociative symptoms. This
should further clarify the neurobiological underpinnings of dissocia-
tive mechanisms in the context of maladaptive ER among patients
with BPD. Similar considerations could be extended to CD and SDs.
Particularly, it could be useful to enrich neurobiological evidence con-
cerning the emotional functioning of CD and other SDs in order to
better sustain the inclusion of these conditions within the
DS. Additional empirical research should be performed among
patients with different DDs, including DID, dissociative amnesia, and
depersonalization/derealization disorder. On the one hand, the current
meta-analysis computed pooled effect sizes for DDs combining
results for all previous conditions. On the other hand, it might be ben-
eficial to conduct further neuroscience research in order to support
whether brain responses to emotional stimuli could be the same
among these disorders or, a continuum of an increasing activation of
ROIs in line with results of self-report measures might exist.19 An
additional limitation refers to the inclusion of healthy individuals as
controls for detecting underlying mechanisms of the DS. Accordingly,
future neuroimaging studies should compare disorders included in the
DS with clinical conditions characterized by low levels of dissociation
(e.g., mood disorders, anxiety disorders, and obsessive-compulsive
disorder)19 during the presentation of emotional stimuli in order to
effectively detect neural underpinnings of latent dissociative dimen-
sions in the context of emotion functioning.

Moreover, the sample size represented a confounding factor on
the extent of effect size. Particularly, studies with smaller sample sizes
reported larger differences between the DG and control conditions.
Ultimately, the meta-regression did not detect a significant association
between the severity of self-report dissociative symptoms and ROIs
activity in response to emotional stimuli. This could reflect that
patients might have moderate difficulties with an accurate evaluation
of implicit mental phenomena, such as dissociation.115 Accordingly,
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future neuroimaging studies on this topic should systematically assess
the severity of dissociative symptoms through the administration of
well-validated semistructured interviews (e.g., Dissociative Disorders
Interview Schedule for DSM-5116; Structured Clinical Interview for
DSM-IV Dissociative Disorders117). An additional explanation for the
lack of significant associations between self-report measures of disso-
ciation and neural responses to emotional stimuli could be attributed
to the trait-based quality of measures that are not able to capture tran-
sient dissociative phenomena during the experimental paradigms.
Therefore, future studies might benefit from the administration of
self-report measures that evaluate states of dissociation
(e.g., Dissociation-Tension-Scale [DSS-4]118).

Conclusions
Despite these limitations, this is, to the best of our knowledge, the
first quantitative meta-analytic review of neuroimaging studies that
applied robust methods to clarify neural responses to emotional stim-
uli across the DS. According to the current findings, we could
hypothesize that:

1 the core neural signature shared by clinical conditions ascribed to
the DS capture alterations of encoding mechanisms that are charac-
terized by implicit appraisals of emotion-eliciting stimuli as threat-
ening and/or noxious for mental and physical integrity of the
individual together with painful subjective experiences associated
with physiological emotional reactions;

2 across the DS, the most representative brain responses suggested
different maladaptive processes in response to emotional stimuli,
namely avoidance and overcontrol of affective states together with
a disruption of integrative processes of emotional mind–body fea-
tures; and

3 clinical conditions ascribed to the DS with different phenomeno-
logical manifestations could be differentiated on the base of spe-
cific patterns of neural responses within the extended brain
network involved in ER, which could be linked to different latent
dissociative mechanisms characterizing each disorder.

Moreover, these findings could inform clinical practice related to
the DS. First, the efficacy of well-recognized psychotherapeutic inter-
ventions for the treatment of dissociation (e.g., dialectical behavior
therapy, dialectical dynamic therapy, psychodynamic-oriented thera-
pies, affect regulation therapy; right brain psychotherapy;
mindfulness-based interventions, sensory-based programs; eye move-
ment desensitization and reprocessing; and conversational model)
(e.g., references 24, 119–128) should be further demonstrated. Specif-
ically, future research on psychotherapy will need to take into account
therapeutic changes considering a phenomenological level
(e.g., severity of dissociative symptoms) and latent neural mecha-
nisms (i.e., threat appraisal, quality of emotional experiences, implicit
avoidance and overcontrol of emotional reactions, and integration of
emotional mind–body features). Departing from specific theoretical
frameworks, additional therapeutic strategies should be developed to
address effectively altered mechanisms linked to dissociation in the
context of emotional functioning.

Looking at meta-analytic findings concerning specific neural
profiles associated with each condition ascribed to the DS, future clin-
ical studies should demonstrate with robust research designs
(e.g., controlled and randomized controlled trials) which intervention
could be more effective compared with others for the treatment of
specific dissociative-related disorders.
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