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Confrontation with others’ emotions
changes bodily resonance differently
in those with low and high levels
of depersonalization

Helge Gillmeister, Ieva Šmate, Dimitra Savva, Haojie Li, Christina Parapadakis
and Julia Adler

Department of Psychology, University of Essex, Wivenhoe Park, Colchester CO4 3SQ, UK

HG, 0000-0001-5999-5303

We present novel research on the cortical dynamics of atypical perceptual
and emotional processing in people with symptoms of depersonalization–
derealization disorder (DP-DR). We used electroencephalography (EEG)/
event-related potentials (ERPs) to delineate the early perceptual mechanisms
underlying emotional face recognition and mirror touch in adults with low
and high levels of DP-DR symptoms (low-DP and high-DP groups). Face-
sensitive visual N170 showed markedly less differentiation for emotional
versus neutral face–voice stimuli in the high- than in the low-DP group.
This effect was related to self-reported bodily symptoms like disembodi-
ment. Emotional face–voice primes altered mirror touch at somatosensory
cortical components P45 and P100 differently in the two groups. In the
high-DP group, mirror touch occurred only when seeing touch after being
confronted with angry face–voice primes. Mirror touch in the low-DP
group, however, was unaffected by preceding emotions. Modulation of
mirror touch following angry others was related to symptoms of self–
other confusion. Results suggest that others’ negative emotions affect soma-
tosensory processes in those with an altered sense of bodily self. Our
findings are in line with the idea that disconnecting from one’s body and
self (core symptom of DP-DR) may be a defence mechanism to protect
from the threat of negative feelings, which may be exacerbated through
self–other confusion.

This article is part of the theme issue ‘Sensing and feeling: an integrative
approach to sensory processing and emotional experience’.
1. Introduction
It is increasingly recognized that perceptual processing pathways intertwinewith
emotional ones to colour our subjective sense of self, and to allow us to success-
fully navigate our physical and social world. Our subjective sense of self is rooted
in processes of our own bodily experiences and our resonancewith others, which
begins in infancy but requires continuous maintenance throughout life, and
includes sensations, actions and emotions (e.g. [1–3]).Multisensory-motor contin-
gencies, such as the experience of seeing and feeling your own bodymove [4,5], or
the physical interactions that accompany emotionally attuned caregiver responses
to infants [1,6], provide the basis for developing an authentic sense of self (e.g. [7];
see also [8]). As inherently social beings, humans’ internal representations thus
depend on their developmental experiences with others and, in turn, guide
how we perceive ourselves and the external world.

Our resonance with others’ sensations, actions and emotions is an automatic
process known as mirroring. For example, watching someone else bite into a
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lemon activates one’s own internal representation of this action, which triggers the accompanying automatic salivary response and
the phenomenology of tasting something sour. The same mirroring process (mapping an internal representation to the external
world) takes place also when we observe bodily experiences like touch. Experimental paradigms involving mirroring can effec-
tively capture psychological phenomena of bodily self-awareness, including higher-level explicit functions such as body
ownership, self-location and agency (for reviews see [9,10]), but also a more implicit basic sense of bodily self [11–14] and
motor contagion (e.g. [15–17]).

Mirroring also takes place when we observe others’ emotions, and is the basis of empathetic processes, as it allows us to res-
onate with others’ affective and cognitive states (e.g. [18–20]). In other words, emotional resonance may be seen as an automatic
process that helps us to understand others and forms a basis for social interactions. However, to be effective agents in the
(social) world, including for purposes of emotionally supporting others, the automatic matching of sensations, actions and
emotions must be accompanied by self–other distinction—a physiological and psychological differentiation of inner (self ) from
outer (non-self ) worlds (e.g. [21]).

Mirroring, therefore, plays a centrally important role both in developing bodily self-awareness and in understanding others.
Here, we are interested in how mirroring processes are affected by being confronted with others’ emotions. It has been proposed
that others’ emotional facial expressions activate an observer’s shared neural representations (mirroring), which give rise to auto-
matic mimicry. The physiological feedback from this induces emotions (emotional contagion) that help the observer to better
understand the other person (empathy) [22]. However, it is less clear how exposure to the affective states of others modulates
the ongoing mapping between one’s own and others’ bodily states.

Cardini et al. [23] showed that viewing touch on another person’s face enhances the detection of simultaneous touches on one’s
own face, especially when the other person’s face expresses fear (but not anger or happiness), because fearful faces signal threat in
the environment. Interestingly, emotional enhancement of mirror touch for fearful faces was absent in those with higher levels of
alexithymia [24], suggesting a link between the ability to process emotions and the mapping of others’ bodily states onto one’s
own. To the best of our knowledge, the cortical temporal dynamics of these links are still unknown. Moreover, the question
arises whether these processes differ, not just in those with difficulties identifying emotions (alexithymia), but for participants
with an altered sense of bodily self (e.g. feelings of disembodiment). Disembodiment is present in depersonalization–
derealization disorder (DP-DR), a psychological condition characterized by feelings of detachment from one’s own self and
body and/or from one’s surroundings (e.g. [25–27]). For example, in this condition, one might have the experience of being an
outside observer to one’s own thoughts, feelings, sensations and body (depersonalization) or experience other people or objects
as unreal, dream-like, lifeless or as if through a fog (derealization). In DP-DR, reality testing remains intact (e.g. [27]). DP-DR is
typically accompanied by emotional numbness and can occur in healthy adults under conditions of stress or fatigue [27,28] or
as a symptom of a mental disorder (e.g. panic disorder, post-traumatic stress disorder). When symptoms of DP-DR are persistent,
they may indicate the presence of DP-DR, which causes clinically significant distress or impairments [29,30]. The prevalence of the
disorder in the general population is around 1–2%, with both genders equally affected ([27,31,32]; see also [33]).

Previous studies have shown that DP-DR is associated with altered mirroring processes, especially for self-related stimuli
[11,13,34]. An earlier study from our laboratory showed reduced tactile mirroring for touch occurring on an image of one’s
own face in those with high levels of DP-DR symptoms [11]. People with higher levels of DP-DR symptoms are also more suscep-
tible to body ownership illusions (e.g. the rubber hand illusion; [35]), suggesting that feelings of disembodiment may also be
associated with weaker self–other distinction, that is, more self–other confusion.

To test how mirroring of bodily sensations is modified by others’ emotions, and how these processes might be altered in partici-
pants with DP-DR symptoms, we used electroencephalography/event-related potentials (EEG/ERPs) in a well established tactile
mirroring paradigm [11,12,36–45]. In the current study, we modified this paradigm to measure the mirroring of touch on a
viewed hand following the presentation of happy, angry or neutral faces paired with matching happy sounds (giggles), angry
sounds (growls) and neutral sounds (uhh). We chose anger, rather than fear, to signal threat, because DP-DR has been associated
with childhood emotional abuse and neglect [25,46,47]. The emotional stimuli were deliberately complex, consisting of both
visual and auditory components, to enhance their realism and intensity while still allowing the measurement of ERPs to visual stimu-
lus onsets. We measured differences in visual ERPs in resposne to angry, happy and neutral face–voice stimuli (N170; reflecting
structural and emotional encoding of faces in occipitotemporal cortex; [48–50]) and in somatosensory ERPs to touch and no-touch
stimuli (P45 and P100 components, reflecting bodily self-awareness in parietal cortex; e.g. [11,12,14,51]) in individuals with high
and low levels of DP-DR symptoms. In addition to the Cambridge Depersonalization Scale (DPS), which measures DP-DR
symptoms, participants completed self-report surveys on self–other confusion, anxiety, depression and interoceptive awareness.

Firstly, in participants without symptoms of DP-DR (low-DP group) we expected larger N170 amplitudes to emotional
versus neutral face–voice stimuli, reflecting emotional processing [49,52], as well as larger P45 and P100 amplitudes to touch
versus no-touch stimuli (‘mirror touch’; e.g. [12,14]). Further, we expected that mirror touch would be modulated by the emotional
context of the preceding face–voice stimuli. Secondly and in contrast to the low-DP group, we expected that our high-DP group
would show reduced emotional processing at N170, reflecting emotional numbness, as already indicated in an fMRI study of DP-
DR patients [53]. We also expected them to show altered mirror touch, as already shown in our previous work [11]. Given the
well documented emotional numbness and self-processing deficits experienced in DP-DR (e.g. [11,34,53]), we were particularly
interested in the question of how emotional processing and mirror touch would interact in this group. Thirdly, given the heigh-
tened susceptibility to experience rubber-hand illusions in DP-DR [35], we hypothesized that our high-DP group would report
more self–other confusion also in subjective measures taken from a psychodynamic tool (Operationalized Psychodynamic Diag-
nosis-Structure Questionnaire). Finally, we measured how the expected cortical emotional and mirror-touch effects were related to
subjective measures on which we expected the groups to differ (disembodiment, emotional numbness, self–other confusion and
interoceptive awareness).



Table 1. Descriptive statistics of both depersonalization groups (t-tests for continuous variables and χ2- tests for categorical): including survey scores (MAIA,
PHQ9, OPD-SQ, STICSA) and CDS scores. ***p ≤ 0.001. **p < 0.005. *p < 0.05. n.s., p > 0.05.

low depersonalization
group, CDS < 50 (n = 21)
mean (s.d.)

high depersonalization
group, CDS > 50 (n = 29)
mean (s.d.) group comparison

age (years) 22.9 (3.2) 24.5 (4.4) t48 = 1.403, p = 0.167, d = 0.416; n.s.

sex 7 male; 31.82% 9 male; 31.03% χ21 = 0.03, p = 0.863; n.s.

handedness 19 right-handed; 86.36% 28 right-handed; 96.55% χ21 = 0.797, p = 0.372; n.s.

CDS 16 (11.9) 95 (41.6) t48 = 8.434, p < 0.001; d = 2.581***

CDS (anomalous body experience) 2.3 (2.48) 20.8 (13.7) t48 = 6.074, p < 0.001; d = 1.879***

CDS (emotional numbing) 3.5 (4.68) 22.7 (11.94) t48 = 6.968, p < 0.001; d = 2.117***

STICSA somatic anxiety 1.5 (0.43) 1.8 (0.67) t48 = 1.988, p = 0.053; d = 0.533; n.s.

STICSA cognitive anxiety 1.9 (0.80) 2.6 (0.63) t48 = 3.274, p = 0.002; d = 0.972**

PHQ9 7.8 (6.83) (mild depression) 11.4 (4.59) (moderate depression) t48 = 2.284, p = 0.027; d = 0.619*

OPD-SQ (self–other confusion) 1.4 (0.71) 2.2 (0.76) t44 = 3.583, p = 0.001; d = 1.091***

MAIA noticing 2.95 (1.31) 2.91 (1.03) t48 = 0.134, p = 0.894; d = 0.034; n.s.

MAIA not distracting 2.78 (0.89) 2.15 (0.96) t48 = 2.768, p = 0.023; d = 0.681*

MAIA not worrying 2.56 (0.99) 2.38 (0.86) t48 = 0.672, p = 0.505; d = 0.194; n.s.

MAIA attention regulation 2.77 (1.08) 2.43 (0.64) t48 = 0.476, p = 0.636; d = 0.383; n.s.

MAIA self regulation 2.98 (1.29) 2.55 (1.08) t48 = 1.273, p = 0.209; d = 0.361; n.s.

MAIA body listening 1.92 (1.29) 2.09 (1.45) t48 = 0.430, p = 0.669; d = 0.124; n.s.

MAIA emotion awareness 2.94 (1.15) 3.13 (1.10) t48 = 0.586, p = 0.561; d = 0.169; n.s.

MAIA trusting 3.08 (1.38) 2.59 (1.17) t48 = 1.363, p = 0.179; d = 0.383; n.s.

royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

379:20230248

3

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 J

ul
y 

20
24

 

2. Method
(a) Participants
After initial screening via targeted or general University of Essex mailing channels of healthy adults with either low or high levels of
depersonalization, a total of 50 individuals (21 low- and 29 high-DP individuals) participated in the EEG study. Table 1 (see Results)
describes each sample group and shows group comparisons of demographics and other dependent variables. All participants had
normal or corrected-to-normal vision, and none reported suffering from any mental disorder at the time. The study was carried out in
line with ethical principles laid out in the Declaration of Helsinki, it obtained ethical approval from the University of Essex Science
and Health Faculty ethics sub-committee, and participants gave informed written consent before taking part.

(b) Material and apparatus
To measure depersonalization levels, the Cambridge Depersonalization Scale (CDS) was used. It measures the self-rated frequency and
duration of depersonalization symptoms experienced over the duration of the last six months [54] using 29 items regarding ‘strange
and funny’ experiences. Items from the questionnaire regard the four dimensions of depersonalization [55]: anomalous body experience
(e.g. ‘Parts of my body feel as if they didn’t belong to me’), emotional numbing (e.g. ‘When I weep or laugh, I do not seem to feel any
emotions at all’), anomalous subjective recall (e.g. ‘It seems as if things that I have recently done had taken place a long time ago’) and
alienation from surroundings (e.g. ‘My surroundings feel detached or unreal, as if there was a veil between me and the outside world’).
Using a Likert scale, participants rated frequency from 0 (never) to 4 (all the time) and duration from 1 (a few seconds) to 6 (more than a
week) for each statement. All scores were added to compute each participant’s global personalization score (0–290), with 70 being the
clinical cut off for personalization disorder. In this study, those scoring less than 50 were included in the low-DP group; those with a
score higher than 50 were in the high-DP group (see [11,13,35]).

Participants also completed a subscale measuring self–other confusion from the Operationalized Psychodynamic Diagnosis-Structure
Questionnaire (OPD-SQ) [56], a measurement to assess personality dysfunction that has previously been related to dissociative symptoms
in borderline personality disorder [57]. It includes seven statements describing different personal characteristics such as ‘Sometimes I’m
afraid that the boundary between me and others will disappear’. Statements were rated on a 5-point Likert scale, ranging from ‘no
agreement at all’ to ‘total agreement’. Higher OPD-SQ scores on this subscale indicate self–other confusion.

Additionally, participants filled in questionnaire items to measure depression (Patient Health Questionnaire-9; PHQ9) and anxiety
(State–Trait Inventory for Cognitive and Somatic Anxiety; STICSA). This was aimed to allow us to match, where possible, anxiety and
depression levels for participants to measure differences as a function of depersonalization without confounds from depression
and anxiety, which are highly comorbid with depersonalization [58]. PHQ9 consists of nine questions (e.g. ‘poor appetite or over-
eating’), and asks for frequency of events to be rated over the last 2 weeks on a 4-point Likert scale from 0 (not at all) to 3 (nearly
every day) [59]. STICSA includes cognitive (related to anxious thoughts, like ‘I think the worst will happen’) and somatic (anxiety-related
bodily feelings, such as ‘My face feels hot’) subscales, totalling 21 statements related to thoughts/feelings experienced ‘these days’ and



face–voice primes: angry set(a)

(b)

face–voice primes: happy set

<growl>

<giggle> ‘uhh’

‘uhh’

emotional neutral

neutral hand

touch

no touch

viewed touch stimuli

emotional neutral

<growl>

angry face–voice prime
400 ms

neutral
600 ms

touch
200 ms, with 200 ms tactile stimulus

neutral
600 ms

ITI
300–600 ms

Figure 1. (a) Emotional and neutral face–voice prime stimuli (left panel) and viewed touch stimuli (right panel). One of the 18 different faces used in this study is
shown, adapted with permission from Tottenham et al. [62]. One of the two different hand stimuli used in this study is shown. (b) Schematics of trial design
showing an example trial (angry face–voice prime followed by a viewed touch stimulus). ITI, inter-trial interval.
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asking participants to rate them on frequency using a 4-point Likert scale from 1 (not at all) to 4 (very much so) [60]. Higher scores on
PHQ9 and STICSA are associated with higher depression and anxiety, respectively.

Finally, participants completed the Multidimensional Assessment of Interoceptive Awareness (MAIA) measure to assess eight differ-
ent dimensions of subjective interoception [61]. It consists of 32 questions regarding how individuals notice, appraise and regulate
interoceptive signals: noticing (for example, ‘I notice when I am uncomfortable in my body’), not-distracting, not-worrying, attention
regulation, emotional awareness, self-regulation, body listening and trusting. Participants rated their experienced frequency for all state-
ments on a Likert scale from 0 (never) to 5 (always). Higher scores indicate greater subjective interoceptive awareness.

In the experimental task, emotional primes included happy faces and voices (giggles), angry faces and voices (growls), and neutral
faces and voices (‘uhh’ sounds). Angry, happy and neutral faces were obtained from the NimStim set of facial expressions [62], and
angry, happy and neutral vocalizations were taken from the Montreal Affective Voices dataset [63] and shortened to 400 ms. There
were nine different female and nine different male face models, paired with five different female and five different male vocalizations.
Faces were presented close to life-size (17.1° horizontal × 22.6° vertical visual angle) in greyscale against a white background in the
centre of a computer screen (figure 1a).

To probe tactile mirroring, we presented images of a hand with a pencil above it (neutral stimulus), of a hand being touched by a
pencil in the region of the first dorsal interosseus muscle (touch stimulus) or of a hand with the pencil moved to the space next to it
(no-touch stimulus). A male hand was shown to male participants, and a female hand was shown to female participants. Hands were
presented close to life-size (20.7° horizontal × 11° vertical visual angle) in greyscale against a white background in the lower half of a
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computer screen (figure 1a). A tactile controller and mechanical solenoid stimulators (Heijo Research Electronics, London, UK) delivered
suprathreshold taps by pushing a blunt plastic tip against the participant’s skin whenever a current was passed through the solenoid. Taps
were delivered to participants’ left or right hands in the region of the first dorsal interosseus muscle at the same time during the presen-
tation of each touch or no-touch image, such that felt and seen touches always occurred on the same hand (e.g. right). A long rectangular
box covered by a piece of black cloth was placed on the table between the computer and participant to block participants’ view of their
own hands, which were placed on their lap.
blishing.org/journal/rstb
Phil.Trans.R.Soc.B

379:20230248
(c) Procedure
Advertisements targeting participants aged between 18 and 45 years with potentially high and low levels of depersonalization, anxiety
and/or depression were sent via three different University of Essex mailing channels. The emails included either the question ‘Do you
sometimes suddenly feel as if you were not real, or cut off from the world?’ (depersonalization) or the questions ‘Do you often think
that your friends are happier than you? Do you feel that you no longer enjoy things that used to give you pleasure? Do you often feel
something in your chest without knowing why?’ (anxiety and depression) as well as the statement ‘If this feeling is completely unfamiliar
to you, we would also like to hear from you, as we need additional participants for our comparison group’, followed by an invitation to
the study. Before the EEG study, participants gave informed written consent and completed survey measures.

EEG was recorded as participants completed two sets of 478 trials, with each set showing different emotional primes: angry and
neutral face–voice primes or happy and neutral face–voice primes, followed by either a touch or no-touch stimulus on a viewed hand
while the participant’s own corresponding hand was touched. Set order was counterbalanced across participants. Within each set, 432
trials were experimental trials, and an additional 46 trials were randomly chosen from a set of experimental and catch trials. Across exper-
imental trials, an equal number of emotional and neutral primes, and of touch and no-touch images, were presented. For catch trials, the
touch image was displayed twice, enveloping a 100 ms presentation of the neutral image (a double touch). Only the second of the touch
images was accompanied by a felt touch. Participants were asked to count the number of such viewed double touches. Feedback on count-
ing performance was provided every 48 trials. Catch trials were inserted to ensure that attention was paid to the images. These trials were
excluded from somatosensory ERP analyses.

In each trial, the face–voice prime was presented for 400 ms, followed by the neutral hand stimulus for 600 ms. The neutral hand
stimulus was then replaced by either a touch or no-touch stimulus for 200 ms before returning to the neutral hand stimulus (600 ms),
giving the impression of apparent motion of the pencil to touch the hand (touch) or the space next to it (no-touch). Suprathreshold mech-
anical tactile stimuli were presented during the touch or no-touch image (a 200 ms tap to either left or right hand). At the end of each trial
there was a blank inter-trial interval of between 300 and 600 ms (figure 1b). All trial types within each set were randomly intermixed.
(d) Electroencephalography recording and event-related potential analysis
EEGwas recorded from64 EasyCap scalp electrodes (Easycap,Herrsching, Germany), referenced off-line to the average of all scalp electrodes.
Online EEG was amplified, band-pass filtered at 0.01–100 Hz and digitized at 1000 Hz. Offline EEG was filtered with a low-pass filter of
30 Hz, and epoched from 100 ms before to 400 ms after face–voice prime stimulus onset (visual ERPs), and from 100 ms before to 400 ms
after tactile stimulus onset (somatosensory ERPs). Trials with eye blinks and other artefacts (a voltage exceeding ±100 µV at any electrode
relative to the 100 ms pre-stimulus baseline) measured in this interval were excluded from analysis of visual and somatosensory ERPs.
After averaging over trials in each condition of emotional set (happy versus angry) and emotional prime (emotional versus neutral),
mean visual ERP amplitudes covering the N170 component (145–185 ms after stimulus onset) were extracted from twelve occipitotemporal
electrodes (PO3, PO4, PO5, PO6, PO7, PO8, P5, P6, P7, P8, O1 and O2). After averaging over trials in each condition of emotional set (happy
versus angry), emotional prime (emotional versus neutral), and viewed touch (touch versus no-touch image), mean somatosensory ERP
amplitudes were extracted from a measurement window covering early somatosensory components P45 through P100 (40–110 ms) for
nine lateral electrodes over contralateral central and parietal somatosensory cortex (C2, C4, C6, CP2, CP4, CP6, P2, P4 and P6 for left-hand
touch; C1, C3, C5, CP1, CP3, CP5, P1, P3 and P5 for right-hand touch). Time windows and sites were chosen based on visual inspection
of the presence of visual and somatosensory components and peak voltages in grand averaged ERPs collapsed over all experimental
conditions.
3. Results
(a) Survey scores
Scores of all surveys and their subscales of interest were averaged and compared between groups (table 1). As expected, CDS and
OPD-SQ scores differed markedly between groups. Higher OPD-SQ scores, previously associated with dissociation [57], indicated
greater disturbances in self–other differentiation in the high-DP group compared with the low-DP group. This novel finding
suggests that self–other confusion also typifies those with frequent symptoms of DP-DR. Interoceptive awareness as measured
by MAIA was comparable across groups, except for the ‘not distracting’ dimension, suggesting that those with higher levels of
depersonalization are less able to ignore or distract themselves from sensations of pain or discomfort (see also [64], for related
findings on altered selective attention in clinical depersonalization).

Higher scores on the PHQ9 and STICSA subscales in the high- compared with the low-DP group indicated that the groups
differed not just in dissociative symptoms but also in depression and anxiety. While comorbid depression and anxiety are typical
in clinical DP-DR (e.g. [33,65]), it does mean that group differences in survey measures and ERPs may be at least partially due to
differences in depression and anxiety or poorer mental health in general.
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Figure 2. Visual event-related potentials (ERPs) of emotional priming effects (emotional versus neutral face–voice stimuli) found in analyses: for high-deperso-
nalization (high-DP) group across all sets ( pooled data, a), low-DP group in the angry set ( pooled data, b), low-DP group in the happy set ( pooled data, c). Shaded
areas show time window used for analyses encompassing component N170. Asterisks indicate significant differences between emotional and neutral waveforms.
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(b) Visual event-related potentials: N170
After collapsing mean voltages from all left and all right occipitotemporal electrodes, respectively, a mixed ANOVA with the
within-subject factors emotional set (happy versus angry), emotional prime (emotional versus neutral) and hemisphere (left
versus right), and the between-subject factor group (low-DP versus high-DP), tested the effects of DP-DR symptoms on the struc-
tural encoding of others’ emotions (N170 component) (see electronic supplementary material, table S1 for mean voltages in each
condition).

There was a significant main effect of emotional prime, F1,48 = 28.97, p < 0.001, ηp2 = 0.376), demonstrating larger N170
mean amplitudes in response to emotional than neutral face–voice stimuli. Emotional priming effects differed between
groups (emotional prime × group: F1,48 = 7.58, p = 0.008, ηp2 = 0.14) and between emotional sets (emotional prime × emotional
set: F1,48 = 7.87, p = 0.007, ηp2 = 0.14), but not between hemispheres or for any combination of these factors (F1,48≤ 3.61, p≥
0.064, ηp2≤ 0.07). Pairwise comparisons of the estimated marginal means for emotional and neutral primes at each level of
emotional set and at each level of group showed larger effects of emotional priming in angry relative to happy sets, and in
low-DP relative to high-DP participants.

Separate follow-up ANOVAs were run for each group. The high-DP group showed a significant main effect of emotional prime,
F1,28 = 8.45, p = 0.007, ηp2 =0.23, which was not modified by emotional set, hemisphere or their combinations, F≤ 2.68, p≥ 0.113,
ηp2≤ 0.09. However, the low-DP group’s main effect of emotional prime, F1,20 = 16.61, p = 0.001, ηp2 = 0.45, differed between
emotional sets, F1,20 = 4.44, p = 0.048, ηp2 = 0.18. No other interactions with emotional prime were significant (F≤ 3.72, p≥ 0.068,
ηp2≤ 0.16). Pairwise comparisons at each level of emotional set showed that effects of emotional priming were much larger in
the angry set, F1,28 = 4.80, p = 0.001, ηp2 = 0.40, than in the happy set, F1,20 = 5.38, p = 0.020, ηp2 = 0.24, but present for both
(figure 2 for visual ERPs and figure 3 for temporal evolutions of topographic maps confirming activation differences at occipito-
temporal sites that peaked at latencies corresponding to the N170 component).

In sum, we found evidence for enhanced processing of emotional others compared with neutral others at face-structural encod-
ing stages, which was particularly pronounced for negative (angry) relative to positive (happy) emotional expressions, but overall
much weaker in people with more severe symptoms of DP-DR. A lack of emotional differentiation in this group, relative to those
with low levels of symptoms, suggests that DP-DR is associated with altered processing of others’ emotions.
(c) Somatosensory event-related potentials: P45 through P100
After collapsing mean voltages from central and parietal somatosensory electrodes, a mixed ANOVA for the within-subject factors
emotional set (happy versus angry), emotional prime (emotional versus neutral), viewed touch (touch versus no-touch image) and
touched hand (left versus right), and the between-subject factor group (low- versus high-DP), tested the effects of DP-DR symp-
toms and emotional priming on mirror touch (touch versus no-touch differences at P45–P100) (see electronic supplementary
material, table S2 for mean voltages in each condition).

There was a significant main effect of viewed touch, F1,48 = 6.23, p = 0.016, ηp2 = 0.12, indicating enhanced positivities at central
and parietal sites during touch viewing versus no-touch viewing (mirror touch). There was also a significant four-way interaction
between emotional set, emotional prime, viewed touch and group, F1,48 = 5.85, p = 0.019, ηp2 = 0.11. No other interaction with
viewed touch was significant (F≤ 3.35, p≥ 0.074, ηp2≤ 0.07). Pairwise comparisons of the estimated marginal means for viewed
touch and no-touch at each level of emotional set, emotional prime and group showed that the largest effects of viewed touch
were seen following angry face–voice primes for the high-DP group while the smallest effects of viewed touch were seen following
angry face–voice primes for the low-DP group.

Separate follow-up ANOVAs for each group revealed that the high-DP group lacked a main effect of viewed touch, F1,28 < 1,
p = 0.328, ηp2 = 0.03, but showed an interaction between emotional set, emotional prime and viewed touch, F1,28 = 7.17, p = 0.012,
ηp2 = 0.20. Pairwise comparisons at each level of emotional set and emotional prime showed that effects of viewed touch
were largest and significant following angry face–voice primes, F1,28 = 4.80, p = 0.037, ηp2 = 0.15, but not present in any other
condition, F1,28≤ 3.27, p≥ 0.081, ηp2≤ 0.11. By contrast, the low-DP group showed a significant main effect of viewed touch,
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F1,20 = 5.38, p = 0.031, ηp2 = 0.21, which did not interact with emotional set, emotional prime, touched hand or their combinations,
F≤ 1.47, p≥ 0.239, ηp2≤ 0.07 (figure 4).

In sum, we found that emotional context modified effects of mirror touch only in those with more severe symptoms of
depersonalization. Specifically, angry others were the only emotional stimuli associated with subsequent early cortical resonance
with viewed tactile stimuli in those with higher levels of symptoms. Embodiment of tactile stimuli in people with lower levels of
symptoms was unaffected by others’ emotions, however.
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(d) Correlational tests
We further tested whether significant effects of emotional prime and mirror touch following angry stimuli systematically related to
survey measures of interest (i.e. those found to differ between groups, table 1) across the total sample. It was expected that more
severe mental health symptoms on survey measures would be associated with less emotional N170 enhancement for angry face–
voice primes and with more mirror touch following such angry primes. Emotional priming effects were calculated by collapsing
mean N170 amplitudes in the angry set across hemispheres and subtracting amplitudes in response to emotional (angry) primes
from those to neutral primes. Mirror-touch effects were calculated by collapsing mean P45–P100 amplitudes following angry
primes across touched hand and subtracting amplitudes in trials where no-touch was viewed from those where touch was
viewed. The resulting two variables were not normally distributed and therefore entered into non-parametric one-tailed corre-
lations with scores from CDS (total), CDS (anomalous body experience), CDS (emotional numbing), STICSA (cognitive
anxiety), PHQ9, OPD-SQ (self–other confusion) and MAIA (not distracting).

We found that the angry emotional prime effect moderately negatively correlated with CDS (anomalous body experience),
Spearman’s rho (ρ)=−0.30, p = 0.016. In other words, less emotional differentiation between angry and neutral primes was seen
in those with more symptoms of disembodiment (figure 5). Mirror touch weakly positively correlated with OPD-SQ (self–other
confusion ρ= 0.25, p = 0.046, showing that there were larger effects of cortical resonance following angry primes in those reporting
more self–other confusions (figure 5). No other correlations were significant (ρ≤ 0.21, p≥ 0.072).
4. Discussion
The present study was designed to test the electrophysiological correlates of emotional face perception and how being
confronted with others’ emotions may modify the mirroring of subsequent touch in people who have high or low levels of
depersonalization–derealization (DP-DR) symptoms.

Similar to previous studies, we found that for all participants the structural encoding of faces was affected by emotions: there
were higher visual N170 amplitudes in response to emotional (happy, angry) face–voice stimuli relative to neutral face–voice
stimuli (see [49] for a review and meta-analysis). N170 stages of processing are thought to encompass the encoding of facial struc-
ture in the occipital face area of the ventral occipitotemporal cortex (e.g. [48,50]), but they have also been linked with the encoding
of facial identity (e.g. [66]) and emotional expression (e.g. [49,52]). Similar to our results, previous studies have found the largest
emotional modulations of N170 for angry faces, followed by fearful or happy faces, without particular lateralization of these effects
[49,52].

We also found evidence of mirror touch: higher somatosensory P45 and P100 amplitudes in response to the observation
of touch relative to no-touch stimuli [11,12,14,43]. Somatosensory ERP components P45 and P100 arise from processing in S1
[67–72], although the origins of P100 have variably been placed in posterior S1 (e.g. [70]) and bilateral S2 (e.g. [73]). This
suggests that somatosensory resonance with others’ bodily sensations takes place at early, implicit levels of processing, in line
with previous studies showing mirror touch at these ERP components ([11,12,14,37,43]; for review see [74]). More importantly,
we showed that both of these visual and somatosensory processes differed between low- and high-DP groups. Here we will
describe each group in turn.

For the low-DP group, emotional modulations of N170 face processing were particularly pronounced for negative (angry)
relative to positive (happy) emotional expressions, similar to previous research (see [49,52]). The subsequent somatosensory
cortical resonance with observed touch was not modulated by the emotion context of face–voice primes, however. That is, the
extent of mirroring others’ bodily sensations was unaffected by prior confrontation with an emotional (positive or negative
versus neutral) other.

Bodily resonance is assumed to be the basis of more complex social phenomena like emotional contagion and affective empa-
thy (e.g. [19,20]). While this mirroring process occurs implicitly and automatically, here we find that it may not, however, be
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automatically modified by the influence of preceding emotional contexts. On the one hand, this suggests that mirroring is a rela-
tively stable process that is robust to affective influences. On the other hand, it is of course also possible that tactile mirroring may
prove to be more malleable in situations with different, stronger, more dynamic or realistic emotional stimuli, or when there is
more subjective personal involvement with the emotional other. Indeed, previous studies have shown that the self-relatedness
of visual stimuli on which touch is observed (e.g. own versus stranger’s face; human versus rubber hand) increases tactile mirror-
ing responses [11,12,38,39,44,45]. Previous studies have also shown that the emotional enhancement of mirror touch in healthy
participants may be restricted to fear [23,24].

Compared with the low-DP group, the high-DP group showed both weaker N170 emotional differentiation of face–voice
primes and altered P45–P100 somatosensory resonance following those primes. While in low-DP observers there were stronger
emotional modulations of N170 face processing for negative (angry) relative to positive (happy) emotional expressions, the
high-DP group showed smaller N170 differences between emotional and neutral conditions overall, with no modulation by posi-
tive versus negative emotional contexts. This weaker N170 emotional modulation is in line with studies showing altered
processing of others’ emotions in those with DP-DR [53]. In Lemche et al.’s study [53], patients exhibited reduced limbic (hypo-
thalamus, amygdala) responses to increasingly intense (happy and sad) facial emotions, coupled with increases in dorsal
prefrontal activity, suggesting that emotions were suppressed in DP-DR patients. These results were related to the emotional
numbing typically reported by those with DP-DR (see also [75]).

DP-DR has been thought of as reflecting a protective mechanism against the experience of threatening emotions (e.g. intense
anxiety; [76–78]). The findings from the present study may help to further elucidate this protective mechanism. In correlational
analyses across all participants, we found that N170 responses to angry versus neutral primes were weaker in those with more
anomalous body experiences. Anomalous body experiences such as feelings of disembodiment were significantly more typical
of our high- than our low-DP group, as shown in direct group comparisons of this CDS subcategory. Our findings thus suggest
a link between the emotional suppression experienced in DP-DR and feelings of disembodiment.

For the mirroring of subsequent touch, we found that those with more symptoms of DP-DR showed somatosensory resonance
only in the context of preceding angry face–voice primes. This is in contrast to the low-DP group, who showed somatosensory
resonance regardless of prime condition. Such group differences support previous suggestions that people with more frequent
or stronger symptoms of DP-DR have altered somatosensory resonance compared with those with fewer such symptoms
[11,13]. Previous studies showed that the mirroring of touch on one’s own face, which was observed in a low-DP group, was
much weaker in a high-DP group [11] and that reduced self-face bias in tactile mirroring was predicted by higher DP-DR symptom
scores [13].

It may therefore be that lower reactivity to others’ (especially negative) emotions, which may indicate suppression of negative
emotions [53], is related to feelings of disembodiment and reduced somatosensory resonance. The idea that emotional processes
are strongly intertwined with somatosensory ones is in line with sensorimotor simulation accounts of emotion recognition
(e.g. [79,80]). In the present study, however, we showed that prior confrontation with negative emotional (angry) others can
increase cortical somatosensory resonance in high-DP groups. In addition, correlational analyses across all participants showed
that tactile mirroring following angry primes was larger in those reporting more self–other confusion, as measured with the
OPD-SQ. In other words, experiencing oneself as less psychologically separate from others was related to greater effects from
others’ negative emotions on somatosensory resonance with subsequent stimuli. Direct comparison between high- and low-DP
groups showed that self–other confusion was significantly more characteristic of our high- than our low-DP group. This finding
adds to reports linking dissociative symptoms in borderline personality disorder with overarching subscales of the OPD-SQ [57],
and is the first study to our knowledge to show that self–other confusion specifically relates to DP-DR symptoms, as well as to
effects on somatosensory resonance following confrontation with others’ negative emotions. While the former conclusion was stat-
istically well supported, the latter must be taken with some caution, however, as the relationship between self–other confusion and
somatosensory resonance was only weak in our sample of participants. Nevertheless, it suggests intriguing possibilities for further
research into self–other confusion as a potentially transdiagnostic symptom of dissociative disorders (e.g. [21]).

In the OPD-SQ, self–other confusion is indicated by items describing psychological experiences such as ‘Sometimes I’m afraid
that the boundary between me and others will disappear’. However, self–other confusion may also entail bodily experiences. For
example, previous studies have found that high-DP participants are more susceptible to experiencing illusory embodiment of
others, such as in the rubber-hand illusion [35] or in mirror-pain synaesthesia [81], both of which have been theorized to be
based on insufficient self–other distinction (e.g. [82]).

Put together, it may thus be speculated that self–other confusion may protect against feelings of separateness, helplessness and
loneliness, but can also engender feelings of threat, especially when the other is felt to be aggressive. Interestingly, we found that
those who reported greater disconnection with their bodily self (anomalous body experiences) had weaker N170 responses to
angry versus neutral primes, which may index reduced emotional processing. Although this relationship was only moderate
and must therefore remain somewhat speculative, it suggests that disconnecting from one’s self and body may be a defence mech-
anism that reduces the threatening nature of highly negative feelings like fear and anger, which are engendered by heightened
resonance with others in conditions of greater self–other confusion. In addition, disconnecting from one’s bodily self also reduces
perception of one’s own feelings, because their embodied aspects are experienced less strongly. This mechanism may relate to the
mechanism underlying the subjective emotional numbness reported by patients with DP-DR (e.g. [75]). While emotional numbing
serves a self-protective function in situations of high stress or trauma, post-traumatic models of dissociative disorders like DP-DR
posit that patients experience a persistent state of threat and, therefore, of emotional numbness (e.g. [76–78]). The role of self–other
confusion in relation to DP-DR symptoms like emotional numbness should be explored in more depth in future studies.

Furthermore, we propose that future studies could investigate mirroring processes and their modulation through confrontation
with emotional others in more realistic contexts. It is conceivable that the presentation of emotional others via computer screen,
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rather than in-person, only weakly activated the cortical networks related to face processing and social interactions (see [83]).
Future studies should therefore address the role of intensity and self-relatedness in emotional primes and their effect on sub-
sequent somatosensory resonance in person rather than digitally. In addition to improving the realism of emotional stimuli,
the presence of a dynamic other who is touched may also enhance touch simulation in observers. This may be particularly so
if the observed touch is delivered interpersonally rather than through mechanical means.

In conclusion, this is the first study to our knowledge to measure somatosensory resonance in emotional contexts in people
with high and low levels of DP-DR symptoms. We show evidence of weaker emotional processing, altered resonance with sub-
sequent somatosensory stimuli, and how they relate with self-reported feelings of disembodiment and self–other confusion,
respectively. Overall, our findings suggest that disconnecting from one’s body and self (core symptom of DP-DR) may be a defence
mechanism to protect from the threat of negative feelings, which may be exacerbated through self–other confusion. This defence
mechanism may also underlie symptoms of emotional numbness.
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