www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Examining the association
between depersonalisation traits
and the bodily self in waking

and dreaming

Matt P. D. Gwyther!*“, Bigna Lenggenhager?3, Jennifer M. Windt“®, Jane E. Aspell® &
Anna Ciaunica®’

Depersonalisation (DP) is characterized by fundamental alterations to the sense of self that include
feelings of detachment and estrangement from one’s body. We conducted an online study in healthy
participants (n = 514) with DP traits to investigate and quantify the subjective experience of body
and self during waking and dreaming, as the vast majority of previous studies focussed on waking
experience only. Investigating dreams in people experiencing DP symptoms may help us understand
whether the dream state is a ‘spared space’ where people can temporarily ‘retrieve’ their sense of self
and sense of bodily presence. We found that higher DP traits—i.e. higher scores on the Cambridge
Depersonalisation Scale (CDS)—were associated with more frequent dream experiences from an
outside observer perspective (r=0.28) and more frequent dream experiences of distinct bodily
sensations (r=0.23). We also found that people with higher CDS scores had more frequent dream
experiences of altered bodily perception (r=0.24), more frequent nightmares (r=0.33) and higher
dream recall (r=0.17). CDS scores were negatively correlated with body boundary scores (r=-0.31)
in waking states and there was a negative association between CDS scores and the degree of trust in
interoceptive signals (r=- 0.52). Our study elucidates the complex phenomenology of DP in relation
to bodily selfhood during waking and dreaming and suggests avenues for potential therapeutic
interventions in people with chronic depersonalisation (depersonalisation -derealisation disorder).

Transient depersonalisation (DP) experiences, which include fundamental alterations in the experience of one’s
bodily self'-?, are relatively common in the general population, with a lifetime prevalence rate of 26-74%*.
People who experience DP describe feeling detached or estranged from their body and self, and sometimes
also their surroundings (derealisation)®®. People with persistent depersonalisation experiences are diagnosed
with Depersonalisation disorder (DPD), a disturbing psychiatric condition estimated to be present in 1-2% of
the population®, although it is thought to be under-diagnosed'. The study reported here investigated the non-
clinical experience of depersonalisation symptoms and their association with aspects of bodily selthood during
waking and dreaming.

Scientists and philosophers distinguish different levels or aspects of self, and have generated a plethora of
terms and definitions (see'! for a review). ‘Higher’ levels of self include the narrative self and autobiographi-
cal self which require language and memory and the experience of a temporally extended existence. These are
sometimes contrasted with a lower’ bodily self: the experience of having/being a body. The most basic level of
self—the minimal self—has been defined as the experience of being the subject of conscious experience (e.g.,'?).
Another proposal is that minimal phenomenal selfhood involves body ownership, self-identification, and self-
location"®. Drawing on Merleau-Ponty'* and William James'’, many scientists and philosophers now argue that
the basic foundation of self, which grounds all layers of self, is anchored in the body'®!”. Supporting this, there
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is an emerging scientific consensus that the brain’s representation and integration of multisensory bodily signals
plays a central role in structuring the minimal bodily self and in the sense of presence or ’realness’ e.g.,'’”"*’.
Modern scientific attempts to understand the self have thus focused on bodily self-consciousness, i.e., the pre-
reflexive experience of being, inhabiting and controlling a body and experiencing the world with the body as
the origin of the first person perspective®.

Disturbances in bodily self-consciousness are a key feature of DP, with an experienced ‘split’ between the
self and the body being one of the most frequently reported symptoms’. Sierra® lists four prominent types of
anomalous body experiences in DP: (1) loss of body ownership (2) loss of agency (3) disembodiment feelings
and (4) somatosensory distortions. The severity of DP symptoms has been related to activation of a number of
multisensory brain regions, including parietal cortex?'~*. The anomalous bodily experiences in DP may there-
fore be related to abnormal activation in the posterior parietal cortex, an area important for the experience of a
stable bodily self*. In the current study, building on work suggesting a link between DP and weaker boundaries
between self, world and others?, we aim to further investigate altered bodily self-consciousness (BSC) in DP, and
how this may vary between waking and dream states.

The majority of previous research on DP has focused on atypical BSC during wakefulness. However, little
is known about dream experiences in people with DP. This is surprising because many of the individuals with
DP describe their daily waking experiences as being “dream-like”, and not feeling fully present or real>*>?¢. The
relationship between dream and waking experience in individuals with DP is so far unclear. Early research by
Mayer-Gross® suggests that some people living with persistent DP report relief from symptoms during dream-
ing, while others report intense DP and derealisation experiences in dreams. Investigating dreams in people
experiencing DP symptoms may help us better understand whether the dream state is a ‘spared space’ where
people can temporarily ‘retrieve’ their sense of self and sense of presence. In the current exploratory online study,
we investigated how waking DP traits are related to the experience of body and self in dreams by measuring DP
traits using the Cambridge Depersonalisation Scale (CDS) and asking participants to answer questions about
their self and body dream experiences.

Humans spend roughly a third of their lives asleep and much of this time is spent dreaming. Dreams are
spontaneous mental simulations that involve the experience of a self in a world and have been described as the
quintessential virtual reality?®. Simulation theories of dreaming, which are now widely accepted, describe dreams
as ‘self in a world’ experiences®. Yet, self-experience in dreams, while highly variable, is associated with profound
alterations compared to waking, including dissociative experiences and alterations in cognition, metacognition
and bodily experiences®>*!.

Certain types of less common dream experiences involving the body?!, such as ‘outside observer’ dreams,
dreams with distinct bodily sensations, and changes to bodily perception, have parallels with the types of anoma-
lous bodily experiences found in waking DP. These types of dream experiences are memorable due to their some-
times disturbing and nightmarish quality. Indeed, nightmares occurring during sleep or sleep onset often include
disturbing bodily sensations such as paralysis, difficulty moving and vestibular sensations such as falling®>*.
If there is continuity between disturbing waking DP experiences and dreams, we might expect an increased
incidence of nightmares in people with high DP traits.

Finally, differences in the processing of signals from inside the body (interoceptive signals) have also been
studied in DP, although results have been mixed**-*. Bodily self-consciousness arguably emerges from the
integration of interoceptive (internal) and exteroceptive (external) signals see e.g.,””, and disruptions in this
integration may explain some symptoms of DP*®. Whether interoception is disrupted in DP, and which aspects
of interoception might be affected is not yet certain: previous studies, which showed mixed results, relied on
heartbeat detection tasks as a behavioural measure of interoceptive accuracy®>* or brain responses to heart-
beat signals®®, and these do not always reliably correlate with measures of subjective interoceptive awareness®.
To further explore the relationship between DP and interoception, in this study we used self-report measures
(questions relating to noticing and trusting of interoceptive signals) from the Multidimensional Assessment of
Interoceptive Awareness (MAIA-2) questionnaire®’. We predict that (1) people with higher CDS scores will trust
signals from their body less while awake, and (2) people with high DP traits will notice bodily signals less while
awake. See Table 1 for a summary of all hypotheses for the study.

la Participants with higher DP traits (as measured by CDS-total score) will report that they trust internal bodily signals less while awake
1b Participants with higher DP traits will report that they notice internal bodily signals less while awake

2a Participants with higher DP traits will report that they have more dream experiences from an outside observer perspective

2b Participants with higher DP traits will report that they are less aware of the presence (or absence) of their body in dreams

2¢ Participants with higher DP traits will report that they have more dream experiences of distinct bodily sensations

2d Participants with higher DP traits will report that they have more dream experiences of alterations in bodily perception

3 Participants with higher DP traits will report that the boundaries of their body are more permeable while awake

4 Participants with higher DP traits will report that their sense of self is more separate from others while awake

5 Participants with higher DP traits will report more frequent nightmares

6 Participants with higher DP traits will report more frequent dream recall

Table 1. Hypotheses.
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In summary, this exploratory study aimed to investigate whether DP traits (in a non-clinical sample) are asso-
ciated with changes to different aspects of bodily self-consciousness during waking and dreaming and whether
DP traits are associated with increased nightmare incidence and dream recall.

Methods
Participants
Based on data from an online pilot study (n=9), we estimated that the conversion rate from pre-screening would
be between 20 and 25% based on an estimated 50% pass rate of screening criteria and a 50% start rate from
those who passed screening. Therefore, the target for the prescreening survey was 400-500 complete responses.
A total of 860 healthy adult participants responded to the survey. We included inclusion/ exclusion criteria
to ensure this: “Are you taking antidepressants OR antipsychotics?” and “Are you suffering from a seizure dis-
order?” If participants replied ‘yes’ to either they were excluded from the sample. 514 participants completed
the full survey (aged 18-75 years-old (M =32.7, SD=11.84); 113 men, 390 women, 9 participants used ‘Prefer
to self-describe’; and 1 ‘Prefer not to say’). Most participants reported their ethnicity as ‘Caucasian European’
(71.4%; South-Asian 5.1%, East-Asian 2.9%, Black African 2.7%, Caucasian American 2.5%; combined other
categories 15.4%). The pre-screening phase took place in two steps: (1) in November 2021 via social media and
a previous subject pool of participants that took part in previous studies led by one of us (AC) and agreed to
be recontacted for follow up studies (n=605); (2) Prolific Academic between January 7 and 20, 2022 (n=255).

Procedure

The study was conducted online and was first approved by the School of Psychology and Sport Science Ethics
Panel at Anglia Ruskin University, Cambridge, UK. The total survey took approximately 10-15 min, and it was
conducted in accordance with the Helsinki Declaration. All participants provided informed consent after read-
ing a participant information sheet.

Measures

The online survey was hosted on the software platform Qualtrics and contained a participant information sheet,
a consent form, demographic questions (age, gender, ethnicity) and several measures of interest presented in
the same order for each participant (see below). The participants could complete the survey at any time of day
on a computer or mobile device.

Cambridge Depersonalisation Scale

The Cambridge Depersonalisation Scale (CDS-29)*" is a 29-item self-report measure developed to determine
the severity of depersonalisation experiences. The CDS asks participants to rate both the frequency and intensity
of depersonalisation experiences over the past 6 months. Frequency is measured on the following scale “never”,
“rarely”, “often”, “very often”, “all the time” and Duration on the scale “for a few seconds”, “for a few minutes”,
“for a few hours”, “for about a day”, “more than a day”, “all the time”. The total score is calculated by summing
all items (0-290 points). The scale has good psychometric properties with Cronbach’s alpha between 0.89 and
0.94 in previous language versions*'~*. A calculation of the internal reliability of our CDS-29 scores revealed a
Cronbach’s alpha of 0.97.

Sierra et al.** extracted four subscales from the CDS-29: anomalous Body Experience, Emotional Numb-
ing, Anomalous Subjective Recall, and Alienation from Surroundings. In our sample, the subscales correlated
(between 0.66 and 0.88) with each other more strongly than in Sierra et al. (between 0.23 and 0.34), which may
result from different sampling methodologies (online vs. in-person). In this study, we report both the CDS-29

total score and the four CDS subscales.

Dream-related items

Short bodily experience in dreams questionnaire

Building upon a previously published Bodily Experience in Dreams Scale*, we developed four single-item self-
report measures to assess participants’ reported differences in bodily experiences during dreams. The measures
were all presented on a 0-100 visual analogue scale where 0 is never and 100 all the time (see Table 2).

Title Item Scale
Bodily experience in dreams (1): outside observer dIr::E;nence dreams from an outside (observer) perspective, as if I were not present in the OViSll(l)%l analogue

Bodily experience in dreams (2): body presence/absence “In my dreams I am aware of the presence (or absence) of my body”,

Visual analogue
0-100

Bodily experience in dreams (3): distinct bodily sensations “In my dreams I have distinct bodily sensations (like pain, touch)”

Visual analogue
0-100

Bodily experience in dreams (4): body perceived differently

“The way I perceive my body in dreams is different (e.g., in terms of shape, functions) from the | Visual analogue

way I perceive my body in waking state” 0-100
Nightmare frequency “On average how often have you experienced nightmares over the past 6 months?” 7-point Likert scale
Dream recall “Considering the last month, how often did you recall your dreams in the morning?” 7-point Likert scale

Table 2. Dream-related items.
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Nightmare recall frequency
We adapted a single-item self-report measure to assess how often participants recalled nightmares over the
past 6 months*” (Table 1). The measure was presented on a 7-point Likert scale (1 “Never”, 2 “less than once a

month”, 3 “about once a month”, 4 “twice or three times a month”, 5 “about once a week”, 6 “several times a week”,
7 “almost every night”).

Dream recall frequency
We used a single-item self-report measure to assess how often participants recalled their dreams over the past
month*® (Table 1). The measure was presented on a 7-point Likert scale (1 “Never”, 2 “less than once a month”, 3

“about once a month”, 4 “twice or three times a month”, 5 “about once a week”, 6 “several times a week”, 7 “almost
every morning”).

Waking-related items

Visual analogue scale assessing perceived body boundaries

Dambrun’s® single-measure self-reported perceived body boundaries scale is used to assess participants’ current
perceived body state. It depicts seven bodies in a row, the furthest left has almost imperceptible boundaries and
the furthest right has extremely salient boundaries (see Fig. 1A) Participants were presented with the measure on
a 0-100 visual analogue scale and asked to drag a slider to the position best representing their current body state.

Inclusion of other in the self (I0S) Scale
The Inclusion of Other in the Self (I0S) Scale® is a single-item self-reported scale used to assess how close
participants feel to other people. Participants were presented with seven pairs of circles that range from barely

touching to almost completely overlapping and were asked ‘Which picture best describes your relationship with
others (in general)’ (see Fig. 1B).

Multidimensional assessment of interoceptive awareness (Version 2)

The Multidimensional Assessment of Interoceptive Awareness (MAIA-2)* is a 32-item self-report multidi-
mensional measure of interoceptive awareness made up of eight subscales. For the purposes of our study, we
selected the Noticing and Trusting sub-scales. The Noticing subscale comprises 4-items and assesses subjective
awareness of bodily sensations (e.g., “I notice when I am uncomfortable in my body”). The Trusting subscale
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Figure 1. (A) Visual analogue scale assessing perceived body boundaries. Dambrun’s® single-measure self-
reported perceived body boundaries scale is used to assess participants’ current perceived body state. It depicts
seven bodies in a row, the furthest left has almost imperceptible boundaries and the furthest right has extremely
salient boundaries (A) Participants were presented with the measure on a 0-100 visual analogue scale and
asked to drag a slider to the position best representing their current body state. (B) The inclusion of other in the
self (I0S) scale® is a single-item self-reported scale used to assess how close participants feel to other people.
Participants were presented with seven pairs of circles that range from barely touching to almost completely
overlapping and were asked ‘Which picture best describes your relationship with others (in general)’ (B).
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is comprised of 3-items and assesses the degree to which a person considers their body as ‘safe’ (e.g., “I am at
home in my body”) Responses for the two selected MAIA subscales were given on a 6-point scale from “never
(0)” to “always (5)”. Scores were calculated as the mean of all items within a given subscale. Cronbach alphas for
Noticing (0.75) and Trusting (0.86) indicated good internal consistency for our use of these scales, consistent
with Brown et al.>! (Noticing=0.76 and Trusting =0.92) and beyond those reported in the original MAIA-2
paper (4% N=0.64, T=0.83).

Statistical analysis plan

As our primary aim was to understand the relationship between waking depersonalisation traits and a number
of facets of waking and dreaming bodily experience, we planned to measure the association between CDS-29
total scores and all other study variables. We also planned to explore the relationship between CDS subscale
scores and all other study variables as an exploratory piece of analysis outside of our set of predictions. Due to
non-normality of CDS-29 score data, Spearman’s rank correlations were conducted to explore the relationship
between CDS-29 total scores and subscales and all the other study variables (see Table 1). Due to the number
of comparisons, we controlled for false discovery rate (FDR) using the Benjamini and Hochberg®? procedure
which adjusts p-values of multiple tests so that the proportion of false positives is limited. All correlations are
significant at p <0.001.

Results
Descriptives
For our sample of 514 participants (113 men, 390 women), the mean total CDS-29 score in our sample was 54.8
(SD=47.3), with median at 42 and mode at 30. Range was between 0 and 255. The CDS-29 total score distribution
was strongly positively (right-sided) skewed (skewness=1.45) and slightly leptokurtic (Kurtosis = 2.08) with the
majority of participants recording relatively low scores.
Descriptive statistics for the CDS-29 subscales and other study variables are reported in Tables 3 and 4.
Figures are reported at 1dp.

Correlation analysis
The full set of correlations, including exploratory CDS-29 subscale correlations, are reported in Fig. 2 along with
corrected p-values. These results are shown alongside our hypotheses in Table 5. We ran additional analyses on
two subsets of the sample and report these in our Supplementary information in Supplementary Table S1. The
two data subsets include: (1) removal of all 0 total CDS scores (n=12) for a sample of (n=502) and (2) removal
of total CDS scores under 50 (n=291) for a sample of (n=223). This additional analysis was conducted in order
to assess the relationships between measures for participants with at least mild DP symptoms as measured by
total CDS score.

(i) Dreaming

Results indicate that higher CDS total scores are associated with more frequent dream experiences from
an outside observer perspective (r=0.28; see Fig. 3). In addition, higher CDS scores are associated with more

CDS-29 subscale N Mean | Standard deviation | Median
Anomalous body experience (ABE) 514 |13.2 15.4 8
Emotional numbing (EN) 514 |11.2 11.9 7
Anomalous subjective recall (ASR) 514 |12 9.2 10
Alienation from surroundings (AFS) 514 |11 8.2 10

Table 3. Descriptive statistics for CDS-29 subscales.

Subscale N Mean | Standard deviation | Median
BID (1) Outside observer 510 |24 24.7 19
BID (2) Body presence/absence 510 |45.8 34.2 50
BID (3) Distinct bodily sensations 509 |34 32.1 21
BID (4) Body perceived differently 508 |35.3 32.6 25
Nightmare frequency 514 |28 1.5 2
Dream recall 513 |49 1.7 5
Perceived body boundaries 514 |70.5 24.3 75
Inclusion of other in the self (I0S) 513 |34 1.6 3
MATIA(2)—noticing 513 |33 1 35
MATIA(2)—trusting 513 |34 1.2 3.7

Table 4. Descriptive statistics for other study variables.
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Variable® n M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 CDS score 514 5481 473 -

2 CDS_ABE 514 13.16 15.38 .88** -

3 CDS_EN 514 11.24 11.87 .86** .66** -

4 CDS_ASR 514 12.01 9.23 .87** T1%* .69** -

5 CDS_AFS 514 1101 8.18 .88%* 75%% b7 5 b L -

6 Nightmare frequency 514 2.84 1.49 33%% 3% 26  27** 34 -

7 Dream recall 513 492 1.66 " -16%% 0.08 .14** 18%* Aasee -

8 BID (1) Outside observer 510 24.07 2472 .28** 29%% .24** 21%% 22%F 0.02 a3%S8 =

9 BID (2) Body presence/absence 510 45.83 34.25 0.02 0.07 -0.02 -0.02 0.03 F: b .26%* 0.04 -

10 BID (3) Distinct bodily sensations 509 34 3212 .23** 20 J5** 17** 218% 27% 34% .a5** .43** -

11 BID (4) Body perceived differently 508 i35.29: 3257 .28*F .25* .18**  .18** 225% b b .09* % hid t g 7kt -

12 MAIA Noticing 513 3.25 1.02 -0.08 -0.06 -1* -0.07 s b 0.05 B b 0.05 20 .16** 0.01 -

13 MAIA Trusting 513 3.44 118 <52%E igare LI g7eeT 45T 2Go%E. ZDYee -.06 -1* 004 -008 -21** 27** -

14 Body Boundaries 514 70.53 24.28 -31** Zgee 2299 DR BRI6¥R -0.04 -0.02  -.12** 0.04 -0.07 -0.07 0.06 27 -
15  Self & Other 513 335 1.6 -0.01 0.04 -0.07 0.02 -0.05 -0.06 0.02 0.04 0.07 0.07 -0.07 G 3% =15%*

Figure 2. Descriptive statistics and Spearman’s rank correlations for study variables. *p-FDR <0.05;
**p-FDR <0.01. (1) CDS Score = ‘Cambridge Depersonalisation Scale’ score, (2) CDS_ABE = ‘anomalous
body experience), (3) CDS_EN = ‘emotional numbing), (4) CDS_ASR = ‘anomalous subjective recall, (5)
CDS_AFS = ‘alienation from surroundings, (6) Nightmare frequency, (7) Dream recall, (8) Body in dreams
(1) =experiencing dreams from an outside (observer) perspective, (9) Body in dreams (2) =aware of the
presence (or absence) of body, (10) Body in dreams (3) =distinct bodily sensations (like pain, touch), (11)
Body in dreams (4) = perceive body in dreams differently (e.g. in terms of shape, functions) from waking
state (12) MIAI Noticing = ‘Multidimensional Assessment of Interoceptive Awareness, Noticing (13) MIAI
Trusting = Trusting, (14) Body Boundaries = Visual analogue scale assessing perceived body boundaries, (15)
Self and Other scale.

Hypotheses Supported by results | Correlation (Spearman’s Rho)
Participants with higher DP traits (as measured by CDS-total score) will report that they trust internal bodily _

la . . Yes r=-0.52
signals less while awake

1b Participants with higher DP traits will report that they notice internal bodily signals less while awake No r=-0.08

2a Participants with higher DP traits will report that they have more dream experiences from an outside observer Yes £=0.28
perspective o

2 Participants with higher DP traits will report that they are less aware of the presence (or absence) of their body in No £20.02
dreams o

2¢ Participants with higher DP traits will report that they have more dream experiences of distinct bodily sensations | Yes r=0.23

2 Participants with higher DP traits will report that they have more dream experiences of alterations in bodily Yes =024
perception e

3 Participants with higher DP traits will report that the boundaries of their body are more permeable while awake Yes r=-0.31

4 Participants with higher DP traits will report that their sense of self is more separate from others while awake No r=-0.01

5 Participants with higher DP traits will report more frequent nightmares Yes r=0.33

6 Participants with higher DP traits will report more frequent dream recall Yes r=0.17

Table 5. Study hypotheses alongside results.

frequent dream experiences of both (i) distinct bodily sensations (r=0.23; see Fig. 4) and (ii) alterations in bod-
ily perception (r=0.2; see Fig. 5). There was no association between CDS scores and awareness of the presence
or absence of the body during dreaming. Note: when we removed participants from the sample who scored less
than 50 total CDS score, the relationship between total CDS scores and dream experiences of distinct bodily
sensations was no longer significant (see Supplementary Table S1 and “Discussion”).

(ii) Nightmare frequency and dream recall

Higher CDS scores were associated with more frequent nightmares (r=0.33) and more frequent dream recall
(r=0.17). Note: when we removed participants from the sample who scored less than 50 total CDS score, the
relationship between total CDS scores and nightmare frequency was significant but weaker and the relationship
between total CDS scores and nightmare frequency was no longer significant (see Supplementary Table S1 and
“Discussion”).

(iii) Waking experiences

CDS scores were significantly negatively correlated with the perceived body boundaries score (r=- 0.31)
(Fig. 6), such that higher CDS scores are associated with more permeable body boundaries during waking. There
was no correlation between CDS scores and scores on the Inclusion of Other in the Self (IOS) Scale. Results
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Figure 3. Scatterplot of correlation between CDS-29_Total score and Bodily Experience in Dreams (1) Outside
observer.
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Figure 4. Scatterplot of correlation between CDS-29_Total score and Bodily Experience in Dreams (3) Distinct
bodily sensations.

show a significant negative association between CDS scores and the interoception measure MAIA-2 subscale
“Trusting’ (r=- 0.52) (Fig. 7). There was no significant association between CDS scores and the MAIA-2 subscale
‘Noticing’ Note: when we removed participants from the sample who scored less than 50 total CDS score, the
relationship between total CDS scores and MAIA-2 Trusting was significant but weaker (see Supplementary
Table S1 and “Discussion”).

Discussion

This study examined the relationship between waking DP traits in healthy participants and measures of the
experience of the bodily self during both waking and dreaming. The study yields several results, which are dis-
cussed in detail in the following. A consensus score of 0.4 or < — 0.4 is used to determine whether a correlation
is described as moderate or weak. Scores of 20.5 or < — 0.5 are referred to as strong correlations.

Dreaming and DP

We investigated the relationship between waking DP symptoms and bodily experiences during dreaming. We
found that higher total CDS scores are weakly associated with (i) more frequent dream experiences from an
outside observer perspective, (i) more frequent dream experiences of distinct bodily sensations (like pain and
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Figure 5. Scatterplot of correlation between CDS-29_Total score and Bodily Experience in Dreams (4) dream
experiences of alterations in bodily perception.

Perceived body boundaries scale

0 50 100 150 200 250 300

CDS-29_Total

Figure 6. Scatterplot of correlation between CDS-29_Total score and Perceived body boundaries scale.

touch) and (iii) more frequent dream experiences of alterations in bodily perception (e.g., in terms of shape and
functions). There was no association between CDS scores and awareness of the presence or absence of the body
during dreaming. Finally, we found that higher CDS scores are moderately associated with more frequent night-
mares and weakly associated with more frequent dream recall. Additional analysis including only participants
who scored 50 or above on total CDS score changed the significance and effect size for some study variables as
outlined in our results section and Supplementary Table S1. In this study, we were primarily interested in the
full range of DP traits in this non-clinical sample, however we hope the inclusion of analyses for people with at
least mild DP traits may inspire future studies with clinical samples.
In what follows we discuss the implications of these findings in turn.

Bodily experience during dreaming

Our findings suggest some degree of continuity between waking DP symptoms and specific aspects of bodily
and self experience in dreams. We found a weak correlation between CDS score and item 1 of our shortened
BED questionnaire: "I experience dreams from an outside (observer) perspective, as if I were not present in
the dream." This finding suggests that waking DP, in particular in relation to the anomalous bodily experience
subscale (where the correlation was highest) is associated with differences in the experience of presence during
dreaming. However, we found no significant correlation between CDS scores and responses to the statement: “In
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Figure 7. Scatterplot of correlation between CDS-29_Total score and MAIA2_Trusting subscale.

my dreams I am aware of the presence (or absence) of my body”. One potential interpretation here is that the felt
presence or the absence of the body may be related to the experience of an acting body in the world. During sleep,
our bodies are mostly passive, hence the feelings of presence or absence may be diminished. It would be interest-
ing to examine this aspect in relation to deep meditative experiences, where the body is in a still position for a
longer time, to see whether the feeling of the presence or absence of the body also occurs (Becattini et al. in prep.)

Our findings therefore suggest a mixed picture on whether dreaming may be considered a ‘spared space’ allow-
ing people with high DP traits to ‘regain’ a sense of presence. Considering both findings together, the association
we found between CDS scores and experiences of dreams from an outside observer perspective, may suggest that
differences in self experience during dreaming may be more rooted in changes to spatiotemporal self-location
rather than embodiment. Viewed through Windt’s*® immersive spatiotemporal hallucination model of dreaming
(ISTH), the findings may indicate that DP traits are associated with increased incidence of experiences similar to
neurological out of body experiences (OBEs;**) and full body illusions induced using virtual reality>>*¢). Further
work is needed to examine the phenomenal character of these ‘outside observer experiences’ dreams in DP.

Another possible interpretation can be put forward in relation to the recent proposal linking DP experiences
with the phenomenon of hyper-reflexivity or ‘over-thinking’ about oneself>*>%. Indeed, feelings of being ‘stuck’
in one’s head and outside one’s body are very common in DP?**%, If these hypotheses are correct, then deper-
sonalisation symptoms, although typically couched as “losing” one’s sense of self, may be linked, on the contrary,
to an inability to attenuate self-related inputs and hence to forget’ the self in the background?®. Alterations in the
ability to attenuate self-related information in order to optimally perceive, engage and act in the world may fur-
ther lead to increased reflexivity or ‘hyper-reflexivity’?*$>%. For example, over-attending to one’s leg movements
while running may prompt people to detach themselves from the action, and see themselves from ‘above; from
a third-person observer perspective. This bias towards self-related over-thinking and hyper-reflexivity, offsets
diminished body-related processing. This hypothesis is consistent with subjective reports outlining feelings of
being simultaneously trapped in one’s head (mind) and outside one’s body (disembodiment)>*. During sleep
however, the higher-order self-related processing is diminished, and hence this may explain the prevalence of
body-related processing in DP dream states. Lower active engagements with the external world via the ‘outer’
senses such as vision during sleep may lead to heightened ‘inner’ processing, with one’s body at the centre of
one€’s experiences. Again, based on the interpretation proposed by Ciaunica and colleagues?, one may predict that
the more suppressed internal bodily signals are during wakefulness in DP (i.e. detachment from one’s visceral
sensations), the higher the presence of body-related signals during dreams in DP, as suggested by our findings,
discussed below.

Regarding bodily experience during dreaming, we found that those with high CDS scores were more likely
to report dream experiences of both distinct bodily sensations (like pain and touch) and changes in bodily per-
ception (in terms of shape and function) which are usually rare in dreams®”. Our finding thus seems to suggest
that there is heightened processing and/or awareness of bodily signals during dreams in high DP individuals.
These findings also indicate continuity (between waking and dreaming) of specific aspects of bodily experience
that are present in waking DP, such as changes to bodily function®. Further work is needed to understand the
precise nature of these experiences by acquiring detailed qualitative dream reports. Our findings lend credence
to the idea that dreams are heterogeneous and variable phenomena during which the representation of self var-
ies considerably*®®. Our study adds to a small but growing number of studies that investigate dreams in ‘non-
typical’ states, e.g., amputees, deaf, blind, paraplegic, schizophrenia®-%%. The body of research examining dream
experiences across varying physical and psychological states provides intriguing insights into the validity of the
continuity hypothesis (Table 6).
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Authors

Key findings Evidence for continuity hypothesis

Post-amputation pain, specifically phantom limb pain (PLP) and residual limb pain (RLP) were posi-
tively associated with recalling an impaired body representation in dreams. However, subjects had a mix

- 60 .

Bekrater-Bodmann etal. (2015) of experiences with some not recalling their body in dreams, some with their bodies always intact and Mixed
fewer with their bodies always impaired
Despite the absence of walking experiences in waking life, individuals with paraplegia report frequent

Saurat et al. (2011)! and vivid walking dreams, which could be seen as a reflection of their desire or conceptual understand- | Mixed
ing of walking

Voss et al. (2011) Individuals with sensory impairments, such as congenital deafness or paraplegia, report dream content No

’ that is strikingly similar to those without such impairments
Lusignan et al. (2009)° Individuals with schizophrenia experience a higher incidence of nightmares and an altered perception of Yes

dream bizarreness, which may mirror their waking emotional experiences and cognitive peculiarities

Hurovitz et al. (1999)%

Visual content in dreams seems to be contingent on the dreamers’ lifetime visual experiences with con-
genital and early childhood blindness, total blindness and high percentage of total life spent in blindness | Yes
negatively correlating with visual references during dreaming

Table 6. Dreams in non-typical states. Table represents a non-exhaustive selection of papers on dreams in
non-typical states, covering a range of conditions.

Collectively, these studies suggest that while dream content is broadly continuous with waking life, it can also
incorporate elements beyond the dreamers’ lived experiences, reflecting a complex interplay between waking real-
ity, cognitive schemas, and individual psychopathology. We extend this idea to non-typical states in a non-clinical
population, indicating further aspects of continuity of bodily experience and self representation between wake-
fulness and dreaming, while indicating a complex interplay of self-related processing and individual differences.

Overall, our findings suggest some support for the continuity hypothesis, i.e. the idea that dreams are continu-
ous with waking experiences, with the suggestion that aspects of waking DP experience, such as experiencing the
body from the third person perspective and changes to bodily perception, may also be present during dreaming.
It is also consistent however with the idea that hyper-reflexivity being put on hold during sleep, deeper, bodily
levels of self-related processing can finally take center stage.

However, given that the correlations between DP traits and the extent of ‘DP-like’ experiences during dreams
are weak to moderate, future work is needed to investigate this.

Nightmares, dream recall and DP

Consistent with previous empirical findings linking DP with increased occurrence of nightmares® our study
revealed that participants with higher DP traits reported more frequent nightmares and more frequent dream
recall. Indeed, given the often disturbing waking phenomenology of anomalous bodily experiences such as
disembodiment in DP® and accompanying threats to the integrity of felt selfhood, one would expect dreams to
simulate aspects of this experience and present as more frequent nightmares. This is made more likely by the
fact that nightmares often involve distinct and disturbing feelings of paralysis and difficulties moving, as well
as vestibular sensations®>* and these have overlaps with some of the disturbing DP phenomenology. Further
work is needed to investigate nightmare phenomenology in DP and to establish its links with similar aspects of
waking bodily experience.

Recent studies have shown a correlation between COVID-19-related nightmares and dissociative experiences®
as well as a positive correlation between dissociative experiences and nightmares in participants without mental
diagnoses®”. Furthermore, Levin and Nielsen® outlined how psychiatric symptoms in waking life, particularly in
relation to PTSD, can affect the prevalence and intensity of nightmares. Agargun et al.* also found that night-
mares were common for children experiencing trauma and dissociation, showing slight evidence for dissociation
being useful to lessen the burden of trauma in nightmares. Taken together, this suggests that the link between
depersonalisation and nightmares found in our study is likely part of a more complex interaction between trauma,
dissociation, and nightmares.

Waking and DP

Body boundaries

In the waking component of our study, we found a significant, moderate negative association between CDS score
and perceived body boundaries, further indicating that high DP traits are associated with the experience of less
salient body boundaries, or put another way, weaker boundaries between self and the world®. Interestingly, the
measure we used for body boundaries was originally used in a study indicating that a body scan meditation
can reduce the salience of perceived body boundaries and promote happiness*’, which is in line with evidence
suggesting the ability of long-term meditators to flexibly modulate bodily self-awareness’®”!. The relationship
between meditation and depersonalisation experiences is complex**’2. Disruptions to the bodily self can occur
in both pathological and desired "enlightened” experiential states”®, and there are likely to be a multitude of phe-
nomenological differences between conscious states described in such terms”. Much of the meditation literature
describes the positive impact of loss of self boundaries**”*, but the risks associated with this type of "self-loss"
experience have also been flagged’. On the one hand, meditation may help to improve aspects of interoceptive
awareness and stability in the sense of self and body, potentially reducing depersonalisation symptoms. On the
other hand, the heightened focus on internal sensations and lack of movement during static meditation may
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exacerbate depersonalisation experiences, particularly for individuals with a history of trauma or preexisting
disruptions in bodily self-awareness®.

Intriguingly, we report a significant moderate positive correlation between the trusting measure of interocep-
tion and perceived body boundaries (Table 5), indicating that an increased trust in bodily signals may be linked
to a stronger sense of one’s body boundaries. This may be linked to previous findings’®”” that people with higher
interoceptive sensitivity are less prone to body illusions. Our findings suggest that unpacking the relationship
between body boundaries, trust in interoceptive signals and DP may be fruitful avenues for future research.

Interoception and DP

Turning to our findings relating to interoception, we found a moderate negative association between CDS scores
and the degree of trust in interoceptive signals. However, no significant correlation between CDS scores and
noticing of interoceptive signals in wake states was found. This lack of difference in noticing of interoceptive
signals may shed light on inconsistent findings on interoceptive accuracy and its relation to depersonalisation
experiences®>*. Although in a non-clinical sample, we speculate that our findings may support the suggestion
that previous inconsistent findings when measuring interoceptive awareness may be due to difficulties that DP
creates in sustaining attention to interoceptive signals rather than the noticing of signals as such®. Interestingly,
although the noticing of cardiac signals may be similar for people with high and low DP traits, our results sug-
gest that those signals may be deemed less trustworthy for people with high DP. These results are in line with
self-reports of people with DP as living inside one’s head and outside one’s body?*7%.

The influential Predictive Processing framework’® has been recently used by several authors to explain abnor-
mal interoceptive processing in relation to the phenomenology of the loss of "mineness" often experienced in
DP!7780_ For example, Seth, Suzuki & Critchley®® proposed that DP is a disorder of presence resulting from
imprecise interoceptive predictive signals. More recently, Ciaunica and colleagues® proposed a novel PP inter-
pretation of DP suggesting that DP experiences, although typically couched as “losing” one’s sense of self, may
be linked, on the contrary, to an inability to sensory attenuate self-related inputs and hence to ‘forget’ the self
in the background while acting in the world*?°. Alterations in the ability to attenuate self-related information
in order to optimally perceive, engage and act in the world may further lead to increased reflexivity or ‘hyper-
reflexivity’?*#1-%, Importantly, during sleep states, our reflective capacities are reduced, and the bodily self is
processed in the background, for survival purposes (e.g., we don't stop breathing as soon as we lose conscious-
ness of our breathing).

One of the key points highlighted by Ciaunica and colleagues is that living systems such as human bodies
need to engage actively with the environment for survival, hence self-awareness necessarily needs to include
dynamic processing in its very core. From an evolutionary perspective, humans need to actively engage with the
environment to nourish themselves, hence the metabolic systems during sleep may be diminished in order to
save energy for when ‘it makes sense’ to activate those systems (i.e. when one is awake and able to seek for food).

While previous predictive processing approaches outlined the interoceptive®*®, or affective facets of
selthood”®®, the new model takes into account the idea that the human body cannot achieve self-regulation of
internal (interoceptive) states without maintaining and engaging in active exchanges with its ‘external’ proximal
environment>*” %, Indeed, our bodily self is not a static and closed entity, but rather a dynamic and open system,
literally constituted in relation to a proximal environment>®. Hence, somatosensory attenuation becomes a
key part of the story of understanding how the self merges as differentiated and yet related to its surroundings.

If this is so, then our results in this study might suggest that people with high DP scores experience a split
between their ability to subjectively trust their body to act in the world out there, while paradoxically they are
able to objectively use their bodies to function ‘mechanically’ or “on automatic pilot’ in their daily life?>. Our
findings suggest that there may be no significant difference in noticing bodily signals between people with high
and low levels of DP, which seems to suggest that they do not ‘lose’ track of their bodies, rather they don’t seem
to trust their bodies. These findings are in line with the phenomenological approaches proposing that DP may be
related with people feeling their bodies more like objects of an experience rather than subjects of an experience?.

Future work needs to disentangle the complex multifaceted aspects of the relationship between various aspects
of interoception and DP, specifically in relation to interoceptive awareness and bodily movements. Specifically,
if future studies that employ multiple measures of interoception show that deficits in interoceptive processing
are reliably associated with DP, then potential therapeutic approaches for DP may include interventions that
aim to build trust in bodily signals®*.

Limitations and outlook

Due to the self-selection of the participants we cannot exclude that the sample is biased towards people with
an interest in dreams. However, this is a common methodological challenge in dream research across lab and
online studies. An additional limitation of this study is its reliance on self-report measures. Such self-report
measures can be subject to biases and, of particular relevance in relation to dreams, failures in memory. We also
used some bespoke measures (questions) for bodily experience in dreams, which although based on previous
empirical work, have not been validated. Furthermore, as the study is correlational, we cannot be sure that DP
traits cause the differences in dreams observed.

Another important limitation of this study is that we examined participants’ general reports of bodily experi-
ences in dreams, as well as a ‘high-level’ measure of interoception (interoceptive sensibility), through responses
to an online questionnaire. In order to further investigate the relationships between DP, dreams and interocep-
tion we encourage further research using ‘low-level, objective measures® such as heartbeat perception tasks
or heartbeat evoked potentials. It is also a limitation that the measures used to ascertain bodily experiences in
dreams may not accurately reflect experiences in dreaming due to lack of temporal proximity to dreaming and
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specificity to a particular dream. We are currently working on a dream diary study that targets questions at a
particular dream and is posed immediately after awakening which we consider a trustworthy methodology for
eliciting conscious experience during sleep®. In addition, this approach allows for more open-responses to gain
more granular detail.

A limitation of this study is its exploratory nature, which involved measuring multiple comparisons. While
we adjusted for this using Benjamini and Hochberg’s™ False Discovery rate, the findings should be interpreted as
preliminary and suggestive of lines of inquiry for more direct experimental work. Our sample was also skewed
towards zero scores on the CDS which means our analysis may miss nuance in understanding how our study
variables were impacted across the range of low (rather than 0) to high DP scores. Future work in clinical samples
would help unpack the relationship further.

Additionally, we partly used the online recruitment platform Prolific to recruit part of our sample, which may
limit the generalizability of our findings. Future studies using more representative samples would be needed to
confirm and extend our findings.

Finally, although the relationship between DP and anxiety is unclear®, future work in clinical samples may
look to control for the mediating effects of psychopathologies like anxiety on the relationship between DP and
the variables we used for this study.

Despite these limitations, our study helps to unpack the phenomenology of DP (in a non-clinical sample) in
relation to the experience of the bodily self during waking and dreaming states.

Our findings provide some support for the continuity hypothesis of dreaming, which proposes that there is a
continuity between waking and dreaming states, and that the content and experiences of dreams are influenced
by the individual’s waking experiences and psychological processes®’. Our findings suggest that there is a rela-
tionship between waking anomalous bodily experience in DP and specific aspects of bodily and self experience
in dreams including changes in bodily perception and presence. However, we are unable to make conclusions on
whether there is continuity between specific aspects of bodily experience as the measures for waking DP and bod-
ily experience in dreams assess different aspects of bodily experience. Using the same questionnaire to measure
aspects of bodily self-consciousness for waking and dreaming experiences would enable more accurate insight
into claims over continuity. Although additional research is needed, we can speculate that our initial findings
of continuity between the experience of the bodily self during waking and dreaming states may indicate that
the alterations in bodily self experience in DP is not caused by, or not only caused by, alterations in the brain’s
processing of sensory signals because in dreams, most sensory experience (e.g. visual) is simulated, and not due
to incoming sensory signals.

Interestingly, previous research has shown that increased lucidity during dreaming is associated with dream-
ing from a third-person perspective and the experience of dissociation, which may be linked to the feeling of a
‘secondary consciousness’ (a sense of background awareness)®. Given that we found a correlation between high
CDS scores and increased outside observer experiences during dreaming, it would be interesting to investigate the
extent of overlap between these experiences and lucid dreaming. Differences in phenomenal character between
outside observer dreams in DP and lucid dreaming may prove fruitful in breaking down the nature of changes
to spatiotemporal self-location during dreaming.

Our findings that individuals with high DP traits are more likely to report frequent nightmares suggest that
the disturbing phenomenology of DP may impact the content of experience during dreaming as well as waking.
Further work is needed to understand specific nightmare phenomenology in DP and how this relates to aspects
of bodily self-consciousness.

Turning to our waking state findings, we found an association between high DP traits and an increased perme-
ability of body boundaries. Given that the reduction of the salience of body boundaries is a relatively common
experience in contemplative practices and that some practitioners can systematically bring on feelings of body
dissolution*”%, further studies comparing meditative and DP experiences may build our understanding of the
differences in valence and perceived control of this type of experience.

Finally, our findings provide further indirect evidence of alterations to interoceptive signal processing in
individuals with high DP traits, and, when considered in context of existing literature, tentatively suggest that
interventions focusing on building trust in bodily signals may be effective in reducing DP traits. A better under-
standing of the relationship between presence, bodily experience, and self, not just in waking, but across the sleep
wake cycle can help identify underlying causes and guide potential diagnostic and therapeutic work.
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