. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

N
(@) Rresearch onii
N’ esearc niine Universities of Leeds, Sheffield and York

Deposited via The University of York.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/151044/

Version: Published Version

Article:

Carey, Mark Andrew and Preston, Catherine Elizabeth Jane (2019) Investigating the
Components of Body Image Disturbance within Eating Disorders. Frontiers in psychiatry.
ISSN: 1664-0640

Reuse

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the
authors for the original work. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ <&, | University of

UNIVERSITY OF LEEDS & Sheffleld



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/id/eprint/151044/
https://eprints.whiterose.ac.uk/

‘.\' frontiers
in Psychiatry

ORIGINAL RESEARCH
published: 18 September 2019
doi: 10.3389/fpsyt.2019.00635

OPEN ACCESS

Edited by:

Michael Noll-Hussong,
Saarland University Hospital,
Germany

Reviewed by:

Angela Marotta,

University of Verona, ltaly
Serguei O. Fetissoy,
Université de Rouen, France

*Correspondence:
Mark Carey
mach41@york.ac.uk

Specialty section:

This article was submitted to
Psychosomatic Medicine,

a section of the journal
Frontiers in Psychiatry

Received: 27 May 2019
Accepted: 06 August 2019
Published: 18 September 2019

Citation:

Carey M and Preston C (2019)
Investigating the Components of
Body Image Disturbance Within
Eating Disorders.

Front. Psychiatry 10:635.

doi: 10.3389/fpsyt.2019.00635

Check for
updates

Investigating the Components of
Body Image Disturbance Within
Eating Disorders

Mark Carey * and Catherine Preston

Department of Psychology, University of York, York, United Kingdom

Body image disturbance has been highlighted as a common characteristic within the
development and maintenance of clinical eating disorders (EDs), represented by alterations
in an individual’s bodily experience. However, whilst the perceptual stability of the sense
of body ownership has been investigated in ED patients, the stability of the sense of body
agency in those with ED is yet to be examined. Therefore, body ownership and body
agency were investigated using the moving rubber hand illusion, alongside measures of
explicit and implicit body satisfaction. Furthermore, with evidence demonstrating a direct
link between perceptual and cognitive-affective components of body image in the healthy
population, the relationship between measures of body perception and body satisfaction
was investigated. Results showed that both ED and healthy individuals displayed a
similar subjective experience of illusory ownership and agency towards the fake hand,
following voluntary movement. However, whilst both groups initially overestimated their
own hand width prior to the illusion, the ED group displayed a significant reduction in
hand size estimation following the illusion, which was not matched to the same degree
in healthy individuals. In addition, ED individuals displayed a significantly lower body
satisfaction compared with healthy females, on both an explicit and implicit level. Such
implicit outcomes were shown to be driven specifically by a weaker association between
the self and attractiveness. Finally, a significant relationship was observed between specific
perceptual measures and implicit body satisfaction, which highlights the important link
between perceptual and cognitive-affective components of one’s body image. Together,
such findings provide a useful foundation for further research to study the conditions
in which these two components relate with regard to body image and its disturbance,
particularly in relation to the prognosis and treatment of EDs.

Keywords: eating disorders, body image, multisensory integration, moving rubber hand illusion, implicit body
satisfaction

INTRODUCTION

A common hallmark in the development and maintenance of clinical eating disorders (EDs) is
a disturbance in body image (1), which refers to distortions or alterations in the way in which
an individual experiences his/her body shape or weight (2). Body image disturbance is argued
to be a multidimensional construct, which is commonly divided into two key components (3).
The perceptual component denotes issues in estimating one’s own body size and dimensions,
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with evidence that, at a group level, ED individuals typically
overestimate the size of their own body significantly more than
healthy individuals (4, 5). Additionally, the cognitive-affective
component is associated with negative attitudes and emotions
towards one’s own body, commonly displayed by extreme
feelings of body dissatisfaction amongst ED patients (3, 6).
Indeed, research has suggested that ED individuals lack a self-
serving body image bias that is typically observed in the healthy
population, which reflects a highly biased positive perception to
one’s own attractiveness relative to the perception from others
(7). Importantly, such a self-serving bias in healthy individuals
acts as a protective factor against poor mental health (8);
therefore, the lack of such a bias is likely to have a negative effect
towards one’s body satisfaction amongst EDs.

Historically, research has predominantly focused on the
cognitive-affective component of body image disturbances within
EDs (3, 9), with treatment programmes commonly targeting
dysfunctional cognitions and emotions relating to the body (8, 10,
11). However, more recent research suggests that such distorted
cognitions may be influenced by an inaccurate perceptual
experience of the body (12, 13), which remains comparably
less understood amongst EDs (14). Indeed, evidence has shown
that clinical outcomes are poorer amongst those who report
greater misperception of their body (14-16). Moreover, the
perceptual component of body image disturbances in EDs has
primarily been investigated using visual size estimation tasks
(3, 4, 17). However, recent neuroscientific research has revealed
higher-order perceptual disturbances amongst EDs within
multiple sensory domains, including tactile perception (18,
19), proprioception (20, 21), interoception (22, 23), and the
integration of multiple sensory signals (13, 24). Therefore, it is
important that research investigates how ED individuals process
multisensory body information and the role this might play
within the perceptual component of body image disturbances.

Disturbances in the integration of sensory information
have been observed amongst ED patients using multisensory
body illusions (24). The most studied of these paradigms is
the rubber hand illusion (RHI), in which individuals typically
experience ownership over a fake rubber hand when it is
stroked synchronously with their own hand, which is hidden
out of view (25). Crucially, ED patients have been shown to
display a greater sense of ownership towards the fake hand
compared with healthy controls (HCs) during the RHI,
following both synchronous (illusion) and asynchronous
(control) conditions, with susceptibility to the illusion positively
associated with ED psychopathology (24). Such findings
suggest that ED individuals display a greater reliance towards
visual body information, which dominates proprioceptive
sensory input during body ownership. More recent work has
provided corroborative evidence, with induction to the RHI
also shown to improve initial overestimation of hand size
amongst patients (13), which highlights that such malleability
observed in patients’ body representation can be developed
to a more accurate estimation of one’s own body size (13, 26).
Taken together, the above evidence underlines the importance
of researching perceptual disturbances of body image in EDs
from a multisensory perspective (27), with improvements in

the perceptual accuracy of one’s own body dimensions likely
to act as a protective factor against relapse if coping strategies
designed to address cognitive-affective components of body
image were to break down (28).

A component that is intimately linked with body ownership
in contributing towards one’s coherent body representation
is the sense of agency, which refers to the experience of
authorship over an active, volitional bodily movement (29-31).
Such a sense of control over one’s motor actions is essential in
contributing towards one’s bodily experience and interaction
with the external environment (29). Indeed, disturbances
in the sense of agency have been implicated as an important
feature within numerous psychiatric disorders (32, 33).
Importantly, whilst research has shown that ED patients display
alterations in the execution of body-scaled action with regard
to unconscious sensorimotor aspects of body representation
(34-36), the conscious sense of agency has not been directly
investigated within EDs, particularly how alterations in this
component may play a role within body image disturbances.
An existing experimental paradigm that measures the sense of
body ownership and agency is the moving rubber hand illusion
(mRHI) (37, 38), which extends upon the RHI by introducing
active, volitional movement to a fake model hand. In a similar
manner to the classic RHI, synchronous movements typically
elicit a strong sense of ownership towards the fake hand, but
also a sense of agency;, i.e. feeling of controlling the movement
of the fake hand. Such feelings of agency are absent when
voluntary movements are asynchronous with the movements of
the fake hand. Therefore, the mRHI provides the opportunity
to experimentally investigate the sense of body ownership and
body agency and their relationship in contributing towards a
coherent body representation.

With regard to the cognitive-affective component of body
image disturbance, the most commonly used assessments of
ED pathology in research and treatment include self-reports
(e.g. clinical interviews, standardised questionnaires) that
target explicit cognitions and behaviours (39). However,
research has shown that such explicit measures alone may
not accurately reflect an individual’s attitudes or behaviours
towards certain concepts (40, 41), particularly amongst ED
patients who can display denial towards the severity of their
disorder (42). Therefore, it is clinically useful to supplement
explicit body-related measures with implicit measures that are
free from response bias. Implicit cognitive mechanisms are
argued to play a key role in the pathology of EDs (44, 45) and
could provide an insight into an ED individual’s disordered
cognitions and behaviours that cannot be obtained from self-
reports (43). A commonly used measure to assess implicit
attitudes is the Implicit Association Test (IAT) (46), which is
a computer-based reaction time task designed to measure the
strength of automatic association between certain concepts
(see Methods section for further details). Conceptually, it is
argued that individuals typically pair target words more quickly
with the category that is consistent with their own beliefs or
cognitions (46). Therefore, the IAT provides the opportunity
to tap into an individual’s implicit cognitions towards certain
concepts, including the self.
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Whilst many studies have used the IAT to measure implicit
social attitudes (47), studies have also measured implicit attitudes
and cognitions towards the self (48-51). Previous research has
established a relationship between implicit body satisfaction
with ED symptoms in healthy individuals (40, 52, 53). Moreover,
previous studies have examined implicit attitudes towards body
size (54-56) and food (57). However, to the authors’ knowledge,
the present study is the first to investigate implicit body
satisfaction using the IAT in an ED sample. Investigating implicit
cognitions towards body satisfaction amongst ED individuals
is important in understanding the multifaceted constructs that
underlie body image disturbances (9), particularly how explicit
and implicit cognitions relate to each other, which may have
important implications for long-term recovery and relapse.

Taken together, the present study examines both perceptual
and cognitive-affective components of body image in EDs,
extending each with agency and implicit measures, respectively.
First, given the intrinsic link between body ownership and agency
towards a coherent body representation, it is hypothesised that
the predicted instability in the sense of body ownership would
also feed into instability towards the sense of body agency in ED
individuals. Moreover, the effect of the illusion was investigated
towards perceptual estimations of hand size. In line with previous
research (13), it is predicted that ED individuals will show
initial overestimation of their own hand size but improve their
accuracy following the illusion, with HCs expected to display a
stable estimation throughout. Second, it is predicted that lower
explicit body satisfaction, which is expected to be displayed in
ED individuals, would also extend to lower body satisfaction on
an implicit level, compared with healthy females. Third, whilst
it has been previously argued that perceptual and cognitive-
affective alterations contribute independently towards body image
disturbances (3), increasing research has highlighted a direct link
between the body perception and the emotional body experience
within healthy and clinical samples (53, 58-60). Therefore, the
possible links between body perception and body satisfaction
were investigated, in relation to the influence this may have in
ED psychopathology. It is predicted that individuals with greater
instability on perceptual multisensory illusion measures would
display reduced scores on body satisfaction measures.

METHODS

Participants
The present study received ethical approval from the NHS
Health Research Authority (North East — York Research Ethics
Committee; Project ID 199702); The Retreat Mental Health
Care Centre, York (Research Governance Committee); Beat
Eating Disorders Charity Research Ethics Committee; and the
University of York Departmental Ethics Committee. The study
was conducted in accordance with the Declaration of Helsinki,
with all participants providing informed consent to take part.
Twenty-eight female participants with an ED diagnosis
participated in the present study [mean age, 26.11 (SD, + 11.69)
years]. The ED group consisted of 19 individuals with a diagnosis
of anorexia nervosa (AN), 2 with a diagnosis of bulimia nervosa

(BN), 2 with a diagnosis of binge eating disorder (BED), and 5
with other specified feeding or eating disorder (OSFED). Of the
above sample, 5 participants were recruited as inpatients via
The Retreat, York (Tuke Centre and Naomi Unit), and 23 were
recruited as outpatients via the Beat website, which is the UK’s
leading charity supporting those suffering with EDs. Specifically,
the study was advertised via the Beat research page and promoted
via the charity’s email distribution list. Inclusion criterion for the
ED group was a clinical diagnosis of an ED, with no restrictions
on previous ED diagnosis. Participants recruited via The Retreat
had a clinical diagnosis confirmed by the patients’ psychiatrist,
with participants recruited via Beat providing a self-reported ED
diagnosis, with subsequent assessment from all participants using
Eating Disorder Examination Questionnaire (EDE-Q). Such
recruitment of clinical individuals via self-reported diagnosis
has been used in previous research (61). Thirty-one female
HCs [mean age, 19.10 (SD, + 1.27) years] were recruited via
the University of York, who participated in the present study in
return for course credit. Inclusion criteria for the HC group were
no current or previous neurological/psychological disorders (self-
report). In addition, HCs were explicitly screened for the presence
of an ED using an established clinical cutoff of a global EDE-Q
score greater than 2.8 (62). All participants were required to be
older than 18 years, with no physical condition on their arm or
hand that would prevent them from performing the experiment
(e.g. severe eczema, scarring, psoriasis). Two ED participants (1 x
AN diagnosis, 1 x BN diagnosis) whose age was >2 SDs above the
group mean (64 and 60 years) were excluded from data analysis.
Seven HC participants were excluded from data analysis; one self-
reported a current psychological disorder, and six had a global
EDE-Q score above the 2.8 global clinical cutoff. Therefore, the
final sample size for analysis was 26 ED participants and 24 HC
participants. Participant demographic information for both
groups following exclusion can be seen in Table 1.

Materials

Experimental materials involved a wooden platform (35 x 30 x 13
cm; Figure 1) positioned on a table, on top of which was resting a
life-sized wooden artist’s right hand (measuring 30 cm from base
of the wrist to tip of the middle finger), wearing a latex glove with
the palm faced down. Participants were seated at the table and
asked to wear an identical latex glove on their right hand, which
they then placed underneath the wooden platform, directly below
the model hand (Figure 1). The participant’s left hand was in a
resting position and kept still by their side. Participants wore a
black cape around their neck, which occluded their right forearm
and the open wrist of the fake hand on the wooden platform, to
appear in an anatomically congruent position to the fake hand.
A plastic finger cap was then placed on the tip of participant’s
right index finger, which was mechanically connected to a
matching finger cap on the fake hand by a thin wooden dowel
passing through a small hole in the wooden platform, which was
attached/detached for the respective experimental condition (see
Procedure section). Experimental trials and responses for both
the mRHI and IAT were made using PsychoPy 2 (63) on an Apple
iMac computer (1.6 GHz dual-core Intel Core i5 processor).
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TABLE 1 | Participant Demographic Information—Means (Standard Deviations) for ED group and HC group.

ED Group HC Group t P Cohen’s d
(N = 26) (N = 24)
Age 23.46 (5.95) 19.13 (1.42) 3.60 .001 1.00
BMI 19.80 (4.39) 20.75 (2.30) -.96 344 27
lliness duration (years) 6.39 (5.56) - - - -
Treatment duration (years) 2.73(2.22) - - - -
Restraint® 3.70 (2.40-4.80) 1.00 (.40-1.80) -5.12 <.001¢ 72
Eating concern® 3.80 (3.00-4.60) .60 (.60-1.15) -5.76 <.001¢ .81
Shape concern® 5.19 (4.23-5.75) 2.35(.93-3.10) -5.43 <.001¢ 77
Weight concern® 4.60 (3.50-5.40) 1.50 (.50-2.75) -5.49 <.001¢ .78
EDE-Q Global® 4.21 (3.47-4.94) 1.55 (.69-2.23) -5.83 <.001° 82

p values corrected for multiple comparisons using false discovery rate (64).
BMI, body mass index.

2ED Group (N = 25). ®Median of EDE-Q subscale and global scores with interquartile range in parentheses. °Mann-Whitney U statistic with r value effect size.

FIGURE 1 | Experimental set-up. (A) Participants sat opposite the experimenter and placed their right hand under the platform, directly below the fake hand, which
was viewed on top, with a black cape covering their right arm. For each measure within the illusion, participants completed synchronous (B) conditions, in which the
connection between the two hands was attached, and asynchronous (C) conditions, in which the connection was detached, and the experimenter moved the fake
hand independently from participant’s own hand. (D) Proprioceptive drift measure, in which participants closed their eyes and indicated the felt location of their right
index finger, using a coloured marker pen on the grid paper attached to the side of the set-up.

Measures

Moving Rubber Hand lllusion

Questionnaire

Following experimental trials, the subjective experience of the
illusion was recorded using a 12-statement illusion questionnaire
(Table 2), adapted from previous studies (37). This questionnaire
was composed of two subcomponents, addressing the feeling of
ownership towards the fake hand (three items) and feeling of agency
over the movements of the fake hand (three items). A further six
control statements (three ownership control, three agency control)
served to control for participant compliance and suggestibility.
Participants were asked to rate the extent to which they agreed with
each statement on a seven-point Likert scale (-3 strongly disagree
to +3 strongly agree) specifically based on the previous trial. All
statements were presented in a randomised order.

Proprioceptive Drift
With eyes closed, participants estimated the perceived height of their
unseen, right index finger using an A4 sheet of (millimetre grid)

graph paper attached to the side of the experimental set-up
(Figure 1D). Participants were required to make one swift, but
accurate pointing movement towards the graph paper using
a coloured marker pen held in their left hand. Each pointing
movement was completed three times, with the starting point
randomised between participants nose, shoulder, or hip, to account
for learned motor movement. An average pointing estimation was
calculated across the three responses, with pointing movements
measured both pre-experimental and postexperimental trials.

Hand Size Estimation

Participants were asked to estimate the width of their own hand
(at the widest point) prior to the illusion (baseline estimation)
and post-experimental trial (13). Both the fake hand and
the participants’ own hand were hidden from view using
an occluding box during all hand size estimations. For each
estimation, the experimenter moved two pointers of a calliper
alongside the back of the set-up, occluding their own hands to
prevent any further visual cues. Estimations were made with
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TABLE 2 | Questionnaire for the moving rubber hand illusion, comprising 12
statements that participants rated on a seven-point Likert scale (-3 strongly
disagree to +3 strongly agree).

Questionnaire Statement Category
1. I felt as if | was looking at my own hand. Ownership
2. | felt as if the rubber hand was part of my body.

3. | felt as if the rubber hand was my hand.
4. | felt as if my real hand were turning rubbery. Ownership
5. It seems as if | had more than one right hand. Control
6. It felt as if | had no longer a right hand, as if my right
hand had disappeared.
7. The rubber hand moved just like | wanted it to, as if it Agency

was obeying my will.
8. | felt as if | was controlling the movements of the
rubber hand.
9. I felt as if | was causing the movement | saw.
10. I felt as if the rubber hand was controlling my will.
11. I felt as if the rubber hand were controlling me.
12. It seemed as if the rubber hand had a will of its own.

Agency Control

the two pointers of the calliper, once moving towards each
other (inwards) and once with pointers moving away from
each other (outwards). Participants made their judgements
by verbally indicating the point at which their hand would
fit precisely between the two pointers. The order of calliper
movement (inwards/outwards) was counterbalanced across
all participants. A baseline estimation was first made before
the illusion, with subsequent post-experimental estimations
made following each trial. Changes in hand size estimation
were calculated by subtracting the average width of post-trial
estimations from the baseline estimation. Participants’ actual
hand size was measured at the end of the experiment.

Body Satisfaction

Explicit Body Satisfaction

A continuous visual analogue scale (VAS), ranging from 0 to 100,
was used to assess participant’s explicit, state body satisfaction.
Participants were asked, ‘Right now, how satisfied do you feel with
your body? with the scale anchored by ‘extremely dissatisfied’
(0) and ‘extremely satisfied” (100) (60, 65). Visual analogue scale
items have been shown to have good convergent validity with
other measures of body satisfaction (66).

Implicit Body Satisfaction

Implicit body satisfaction was measured using the IAT (46), in
which participants were instructed to categorise target words
appearing in the centre of the screen into one of four categories,
using only two response options (left/right) (Figure 2). Within
the body satisfaction IAT [adapted from (52, 53)], target
categories were Self and Other, and attribute categories were
Attractive and Unattractive, with pairings from each category
appearing in the top left/right corner of the screen. Target
words were chosen based on pilot data from an independent
sample, to ensure that words were appropriate and culturally
relevant for the present study. Target words and their respective
categories can be seen in Table 3.

In the compatible condition, Self and Attractive categories
(plus Other and Unattractive) were paired on the same side of
the screen. In the incompatible condition, the configuration
of the categories was switched, in which Self and Unattractive
categories (plus Other and Attractive) are paired on the same side
of the screen (Figures 2A, B). The strength of the participants’
implicit cognitions is measured by the difference in the mean
reaction times between compatible and incompatible conditions.
Faster reaction times indicate that the categorisation of words
was more congruent with the individual’s implicit cognitions
towards those concepts. Thus, higher body satisfaction equates
to stronger associations (i.e. faster reaction times) between
compatible condition pairings, compared with incompatible
condition parings.

Eating Disorder Examination Questionnaire

The EDE-Q is a 28-item questionnaire used as a self-report
measure of ED psychopathology (67) amongst clinical and
nonclinical populations. The questionnaire assesses disordered

TABLE 3 | Implicit Association Test categories and attributes (adapted from 52).

Stimuli Category

Self Other Attractive Unattractive
Mine They Beautiful Ugly

My Them Gorgeous Unappealing
Me Their Good-looking Bad-looking
Self Other Attractive Unattractive

the screen.

Self Other
or or
Attractive

Unattractive

FIGURE 2 | Screenshot depicting example trials within IAT. (A) Example compatible condition, in which Self and Attractive categories (plus Other and Unattractive)
are paired on the same side of the screen. (B) Example Incompatible condition in which Self and Unattractive categories (plus Other and Attractive) are paired on
the same side of the screen. Target words appeared in the centre of the screen, with participants responding by categorising the target words into the left or right of

Other Self
or
Attractive

or
Unattractive
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eating behaviours within the past 28 days, in which there are
four subscales: Restraint, Eating Concern, Weight Concern, and
Shape Concern. A global score is calculated from the average of
the four subscales. Items are rated along a 7-point Likert scale,
ranging from ‘0’ to ‘6} in which higher scores signify higher ED
psychopathology. This scoring is with the exemption of six items
in which frequency of eating behaviour is recorded; however,
these items do not contribute to the subscale scores and were not
used in the present study, with ED psychopathology assessed
based on the 22-item attitudinal scores. The EDE-Q has been
shown to have good internal consistency, with Cronbach’s a
ranging from .70 to .83 in a clinical sample (68) and from .78
to .93 in a nonclinical sample (69). In the present study, the
overall global EDE-Q measure had a Cronbach’s a of.87 for ED
group and .91 for HC group.

Procedure

Moving Rubber Hand lllusion

Participants were first familiarised with the experimental
set-up and given instructions of the task procedure. During
all conditions, participants sat at the table and placed their
right hand underneath the wooden platform, with a plastic
finger cap placed on their right index finger. In each trial,
the participant’s task was to tap his/her right index finger in
a semiregular rhythm for 60 s at approximately one tap per
second and was instructed to perform an additional quick
‘double tap’ at random intervals to avoid perfectly regular
visuosomatic correlations, which is reported to weaken the
illusion (37). Participants were first required to practice the
tapping movement prior to experimental trials and were
instructed to focus their gaze on the model hand for the
duration of each trial.

During synchronous conditions, the mechanical connection
(dowel connecting the real and fake index finger) lifted and
lowered the right index finger of the fake hand such that
movements of the fake hand were in synchrony with the
movements of participants’ own right index finger. During
asynchronous conditions, the mechanical connection between
the real and fake hand was detached, with the movements of
the fake index finger controlled by the experimenter moving
the dowel with a temporal delay (~ 500 ms) to participant’s own
movements. The experimental procedure consisted of six 60-s
trials; three synchronous (illusion) and three asynchronous
(control). Each of the three experimental measures (see Measures
section) was completed once per condition (3 x synchronous,
3 x asynchronous) in separate trials. Condition order was
counterbalanced across participants. Between each trial,
participants were given a rest period of ~60 s, in which they
removed their right hand from the set-up and flexed their hand/
wrist to abolish any carry-over effects.

Body Satisfaction

In addition to an explicit measure of state body satisfaction (see
Measures section), participants’ implicit body satisfaction was
measured using the IAT. Participants were first familiarised with
the IAT task by completing practice blocks, in which only two

categories were presented on the screen (i.e. top left and right of
the screen). Participants were instructed to categorise the target
words as quickly and accurately as possible using the ‘Z’ (left) and
the ‘M’ (right) key, respectively. Data from practice blocks were
not used in any subsequent analysis. In critical (experimental)
conditions, each target word belonged to one of four categories,
of which two were positioned on the left of the screen and
two were positioned on the right (see Measures section). All
participants completed two experimental blocks of the IAT
(I x Compatible, 1 x Incompatible), each consisting of 120
trials. All target words were presented individually in the centre
of the screen, in a randomised order within each block for all
participants. The order of conditions and category configurations
were counterbalanced across all participants. Following the IAT,
participants completed demographic information and the EDE-
Q. The duration of the experiment in total was approximately
60 min.

Data Analysis

Prior to analysis, all data were tested for normality using a
Shapiro-Wilk test. When the assumption of normality was not
violated (p > .05), appropriate parametric tests were used, which
are described below. When normality was violated (p < .05) or
the data were ordinal, nonparametric Wilcoxon signed-ranks
tests were used for within-subject analysis and Mann-Whitney
U tests for between-subject analysis. Nonparametric correlations
were analysed using Spearmans rank correlation. All analyses
that directly tested a priori hypotheses are uncorrected critical
a values, with all other analyses using Bonferroni-corrected o
values (stated as necessary below). Effect sizes for parametric tests
are indicated by partial n* (n,?) or Cohen’s d, and nonparametric
(Wilcoxon signed-ranks and Mann-Whitney U) tests are
indicated by r values, which are equivalent to Cohen’s d (70).
All statistical analyses were conducted using SPSS version 23.0
(IBM, Chicago, IL, USA).

Moving Rubber Hand lllusion

For the subjective measures of ownership and agency (and
respective control scores) from the questionnaire ratings,
scores were calculated by averaging the individual statements
within their respective categories (Table 2) to obtain a
single score per subscale for each participant (37, 71). First,
ownership and agency ratings were compared with their
respective control subscale ratings to determine the reliability
of the illusion scores in each group, as control scores are not
expected to score highly, irrespective of illusion conditions.
Control scores are particularly important when testing
patient populations, to ensure that participants are not simply
complying with all trials and providing high ratings to all
questionnaire items (13). Second, ownership and agency
scores were compared between synchronous (illusion) and
asynchronous (control) conditions to determine the effect of
visuomotor synchrony towards subjective illusory experience.
Third, ownership and agency scores were independently
compared between the ED group and HC group to directly
test the hypothesis that ED individuals would show greater
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instability in their subjective experience body ownership and
sense of agency towards the fake hand, following the illusion.

Proprioceptive drift was calculated by subtracting the
average height of the pretrial estimation from the posttrial
estimation within the pointing task. Positive values signify
an upwards drift in the participants’ perceived hand position,
and thus an increased illusory experience (25, 37). For hand
size estimation measures, the hand width of the fake hand was
first compared with the participant’s actual hand size for each
group, with actual hand size subsequently compared between
the ED and HC groups. Moreover, to test the hypothesis that
ED individuals would display an initial overestimation of hand
size prior to the illusion compared with HCs, actual hand size
was compared with the participant’s baseline estimation of
hand width within each group. Next, to investigate whether
the effects of the illusion led to a decrease in hand size
estimations, difference scores were calculated by subtracting
postexperimental estimations from baseline estimations
for each participant, per condition. Thus, positive values
would signify a decrease in hand size estimation following
experimental trials.

Body Satisfaction

Explicit ratings of state body satisfaction taken from VAS
scores were compared between the ED and HC groups to
test our prediction that ED individuals would display a
significantly lower explicit body satisfaction. Additionally,
the IAT was used as a proxy for implicit body satisfaction. In
line with previous research (46), the first two trials of each
condition block with the IAT were removed along with all
incorrect trials and reaction times outside of lower (300 ms)
and upper (3000 ms) boundaries. Data were transformed
using a D score algorithm, which was calculated as the
difference in mean reaction times between compatible and
incompatible trials, divided by the inclusive SD across both
conditions (72). To directly test the hypothesis that ED
individuals would display a significantly lower implicit body
satisfaction, D scores were compared between the ED and HC
groups. In addition, mean reaction times were analysed via a 2
x 2 mixed-effects analysis of variance (ANOVA) to investigate
whether any group differences are driven by the compatibility
of the trials, in which slower reaction times within compatible
trials would signify a reduced implicit self-serving body image
bias. Thus, compatibility (compatible vs. incompatible) was
entered as the within-subjects factor, and group (ED group vs.
HC group) entered as the between-subjects factor.

Correlational Analyses

To directly investigate the hypothesis that perceptual and
cognitive-affective components of body image would relate
with each other, the association between the above measures
within the mRHI and body satisfaction tasks was explored
using a nonparametric Spearman’s rank correlation. Moreover,
correlations were also explored between perceptual and
cognitive-affective measures with ED psychopathology, using
the EDE-Q.

RESULTS

Moving Rubber Hand lllusion
Questionnaire
Data from subscales within the mRHI questionnaire were ordinal
and found to be non-normal in the majority of cases (Shapiro-
Wilk p < .05); therefore, appropriate nonparametric tests were
used. First, a Wilcoxon signed-rank test revealed that illusory
ownership was induced for both the ED group (Z = —4.03,
p <.001, r = 0.79) and HC group (Z = —3.88, p < .001, r = 0.79),
with significantly higher scores in response to ownership
questions compared with ownership control questions, following
synchronous conditions. Next, a further Wilcoxon signed-ranks
testrevealed a significant effect of synchrony for both the ED group
(Z=-4.29,p<.001, r=0.84) and HC group (Z = -4.29, p <.001,
r = 0.88), with higher ownership scores following synchronous
compared with asynchronous conditions (Figure 3). Finally, a
Mann-Whitney U test revealed no significant difference between
groups following synchronous conditions (U = 300.00, Z = —0.24,
p = .815, r = 0.03) or asynchronous conditions (U = 283.00,
Z=-0.57,p =.572,r=0.08).

The same analyses were conducted for agency scores, in which
a Wilcoxon signed-ranks test revealed that illusory agency was
induced for both the ED group (Z = —4.46, p < .001 r = 0.87)
and HC group (Z = —4.22, p < .001, r = 0.86), with significantly
higher scores in response to agency questions compared with
agency control questions, following synchronous conditions.
Next, a further Wilcoxon signed-ranks test revealed a significant
effect of synchrony for both ED group (Z = —4.29, p < .001,
r = 0.84) and HC group (Z = -4.20, p < .001, r = 0.86), with
higher agency scores following synchronous compared with
asynchronous conditions (Figure 3). Finally, a Mann-Whitney U
test revealed no significant difference between groups following
synchronous conditions (U = 290.50, Z = -0.43, p = .668,
r = 0.06) or asynchronous conditions (U = 259.00, Z = —1.03,
p =.301, r = 0.15). Taken together, these results suggest that ED
and HC groups show a significantly stronger illusory experience
following synchronous conditions compared with asynchronous
conditions, but had an equally strong subjective experience of
ownership and agency towards the fake hand.

Proprioceptive Drift

Following synchronous conditions, mean proprioceptive
drift was 7.68 (SD, + 24.80) mm for the ED group and 9.67
(SD, £ 17.05) mm for the HC group. Following asynchronous
conditions, mean proprioceptive drift was 5.62 (SD, + 17.05) mm
for the ED group and—0.85 mm (SD, + 22.90) mm for the HC
group. As proprioceptive drift data were normally distributed
for both groups (Shapiro-Wilk p > .05), a parametric 2 x 2
mixed-effects ANOVA was run, with visuomotor synchrony
(synchronous vs. asynchronous) as the within-subjects factor
and group (ED group vs. HC group) as the between-subjects
factor. In contrast with previous research, no main effect of
visuomotor synchrony was observed between synchronous and
asynchronous conditions (F (1,48) = 2.66, p = .109, n,*= 0.05).
Moreover, no significant main effect of group was observed
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FIGURE 3 | Boxplot displaying ownership and agency scores from the mRHI questionnaire, presented by condition and group. Significantly greater subjective
ownership and agency were observed following synchronous compared with asynchronous conditions, with no significant difference in subjective ownership or
agency between the ED and HC groups. Intersecting line = median; box = upper and lower interquartile range; whiskers = minimum and maximum values. *p < .001.

(Fi4s = 0.27, p = .604, n,? =01), and no interaction between
visuomotor synchrony and group was observed (F , = 1.21,
p=.277,n,2=0.03).

Hand Size Estimation

Hand size estimation data were normally distributed across the
whole sample (Shapiro-Wilk p > .05); therefore, appropriate
parametric tests were used. First, an independent-samples ¢
test revealed that there was no significant difference in actual
hand width (in millimetres) between the ED group and the HC
group (Table 4) (t,; =—-0.295, p =.77, d = 0.08). Second, paired-
samples f tests revealed that the width of the fake hand (74 mm)
was significantly narrower compared with the actual hand width
of the ED group (t,5s = —2.89, p = .008, d = 0.57) and the HC
group (t,; =—3.26, p =.003, d = 0.67). Finally, to directly test the
hypothesis that ED individuals would overestimate their hand
size prior to the illusion, actual hand size was compared with
participants’ baseline estimation of hand width for each group
(Table 4) using paired-samples f tests. Participants in the ED
group significantly overestimated their own hand width, prior
to the illusion (t,; = —3.33, p = .003, d = 0.65). Additionally,
participants in the HC group also significantly overestimated

their own hand width, prior to the illusion (¢,; = —2.15, p = .043,
d = 0.44). Hand size overestimations did not significantly differ
between the ED and HC groups (¢, = 0.76, p = —.453, d = 0.21).

Next, to directly test the hypothesis that ED individuals would
report a significant decrease in hand size estimation after the
illusion was induced, difference scores were calculated for each
group by subtracting post-experimental estimations from the
baseline estimation. Difference scores were compared to zero via a
one-sample ¢ test, in which positive values would indicate a decrease
in hand size estimation following the illusion. For the ED group,
participants reported significantly lower hand size estimations
following induction of the illusion, for both synchronous
conditions (t,; = 2.84, p = .009, d = 0.56) and asynchronous
conditions (t,5 = 2.74, p = .011, d = 0.54). Interestingly, for the HC
group, participants also reported a significantly lower hand size
estimation following induction of the illusion for synchronous
conditions (t,; = 2.09, p =.048, d = 0.43), but not for asynchronous
conditions (t,; = 1.10, p = 281, d = 0.22) (Table 4).

Finally, postexperimental hand size estimations were compared
with participant’s actual hand size, to determine whether such
estimations reflected a more veridical measurement of hand width.
For the ED group, paired-samples ¢ tests revealed no significant

TABLE 4 | Hand size dimensions and estimations. Actual hand size dimensions (mean and SD) of participants with baseline estimations and post-experimental

estimations. Units measured in millimeters (mm).

ED Group (N = 26) HC Group (N = 24) t P Cohen’s d
Actual Hand Width 76.00 (3.53) 76.29 (3.44) -.295 769 .08
Baseline Estimation 83.90 (12.97) 81.60 (11.10) 675 .506 19
Synchronous - Post-experimental Estimation 78.79 (12.20) 78.33 (6.87) 164 .870 .05
Asynchronous - Post-experimental Estimation 79.71 (11.44) 80.00 (9.48) -.097 .923 .03
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differences between actual hand size and postexperimental
estimations following synchronous (t,; = —1.15, p =.259,d = 0.23) or
asynchronous conditions (,; = —1.68, p = .106, d = 0.33). Crucially,
baseline estimations made prior to the illusion were significantly
different from actual hand size; therefore, this nonsignificant result
reflects a reduction in hand size estimation, which is closer to the ED
participant’s actual hand size. Similarly, for the HC group, paired-
samples t tests revealed no significant differences between actual
hand size and postexperimental estimations following synchronous
(t; = —1.29, p = 208, d = 0.26) or asynchronous conditions
(ty; = —1.82, p = .082, d = 0.37). Taken together, the above results
suggest that the ED group showed a significant reduction in hand
size estimation following induction of the illusion following both
synchronous and asynchronous conditions, which is closer to their
veridical hand size. Whilst the HC group also displayed a more
accurate estimation of their hand width following synchronous
conditions, this was not matched following asynchronous
conditions. Moreover, difference scores in the ED group were more
pronounced as shown by a larger effect size, which may reflect a
greater malleability of body representation within this group.

Body Satisfaction

Explicit Body Satisfaction

Data from the VAS ratings were non-normally distributed
across the whole sample (Shapiro-Wilk p < .05); therefore, a
nonparametric Mann-Whitney U test was used to compare
state body satisfaction between the ED group and HC group.
As predicted, the ED group reported a significantly lower state
body satisfaction (median, 15.00) compared with the HC group
(median, 63.00; U = 33.00, Z = -5.42, p < .001).

Implicit Body Satisfaction
To directly test the hypothesis that the ED group would display
lower implicit body satisfaction compared with the HC group, D

scores from the IAT were compared between groups. Note that
lower D scores represent lower implicit body satisfaction. Data
from the IAT were normally distributed (Shapiro-Wilk p > .05);
therefore, an independent-samples ¢ test was run, which revealed
a significantly lower D score within the ED group (mean, 0.20)
compared with the HC group (mean, 0.90; 5, = —3.06, p = .004,
d = 0.43). This suggests that ED participants displayed a reduced
body satisfaction on an implicit level compared with HCs. D scores
for both groups are shown in Figure 4A.

To further investigate whether ED individuals show a reduced
implicit self-serving body image bias within the IAT, mean reaction
times for each condition were entered into a 2 x 2 mixed-effects
ANOVA, with condition (Compatible vs. Incompatible) as the
within-subjects factor and group (ED group vs. HC group) as the
between-subjects factor. A main effect of condition was observed
(F\ 4 = 2243, p <.001, n,?= 0.32), with significantly lower reaction
times following Compatible versus Incompatible conditions. No
main effect of group was observed (F, 43 = 2.15, p =.149,n,7= 0.04).
However, a significant interaction was observed between condition
and group (F, 4 = 9.00, p = .004, 1,2 = 0.16). Thus, Bonferroni-
corrected independent-samples ¢ tests (critical a = .025) revealed
a significant difference between groups following Compatible
(t;g = 2.52, p = .015, d = 0.36), but not Incompatible conditions
(t;g = 0.04, p = 972, d = 0.01) (Figure 4B). This suggests that
differences in implicit attitudes between the ED and HC groups are
driven specifically by weaker associations between attractiveness
and the self within ED individuals.

Relationship Between Explicit and Implicit Body
Satisfaction

To investigate whether explicit measures of body satisfaction
related to performance on the IAT, a correlation analysis was run
across the whole sample (N = 50). A Spearman’s rank correlation
revealed a significant positive correlation between state body
satisfaction and D scores on the IAT across the whole sample
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FIGURE 4 | Implicit Association Test scores. (A) Mean D scores for ED and HC groups. Higher D scores indicate higher implicit body satisfaction within the HC
group compared with the ED group. (B) Mean reaction times for Compatible and Incompatible trials, for ED and HC groups. Group differences are shown to be
driven by significantly slower reaction times in the ED group compared with the HC group, within Compatible trials. Error bars for both graphs show standard error.

ED Group HC Group

Frontiers in Psychiatry | www.frontiersin.org

September 2019 | Volume 10 | Article 635


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org

Carey and Preston

Body Image Disturbance Within Eating Disorders

(r = 0.46, p = .001), which may suggest that those with higher
explicit body satisfaction also display a higher implicit body
satisfaction. Furthermore, Bonferroni-corrected Spearman’s
rank correlations (critical a = .025) revealed that lower state
body satisfaction is driven by performance on Compatible trials
(i.e. Self and Attractive categories paired) within the IAT, with a
significant negative correlation between state body satisfaction
and Compatible trials (r = —0.34, p = .014) but not with
Incompatible trials (r = 0.10, p = .485).

Correlational Analyses
To directly test the hypothesis that perceptual and cognitive-
affective components of body image would relate with each other,
measures from the mRHI (questionnaire scores, proprioceptive
drift, hand size estimation) were correlated with body satisfaction
measures (explicit and implicit) across the whole sample. A
Spearman’s rank correlation revealed a significant positive
correlation between synchronous ownership questionnaire
scores and IAT D scores (r = 0.32, p = .022), which was driven
by the ED group scores (see Supplementary Materials for full
tables). Moreover, a significant positive correlation was observed
between synchronous proprioceptive drift scores and IAT D
scores (r=0.30, p = .032), which was similarly driven by scores in
the ED group. This suggests that a stronger explicit and implicit
experience of the illusion is associated with increased implicit
body satisfaction, which highlights that a link does exist between
perceptual and cognitive-affective components of body image.
No further noteworthy correlations were observed between the
above measures (see Supplementary Materials for full tables).
Finally, to investigate the relationship between body perception
and body satisfaction with ED psychopathology, the above
measures were correlated with scores from the EDE-Q across
the whole sample. A Spearmans rank correlation revealed no
noteworthy correlations between perceptual measures on the mRHI
and EDE-Q scores across the whole sample (see Supplementary
Materials for full tables). However, as expected, a significant
negative relationship was observed between EDE-Q global scores
and explicit body satisfaction (r = —0.794, p < .001), showing that
those with higher ED psychopathology reported lower state body
satisfaction. Interestingly, a significant negative relationship was
also observed between EDE-Q global scores and D scores within
the IAT (r = -0.35, p = .012), which suggests that those with higher
ED psychopathology also display a lower implicit body satisfaction.
This relationship is shown to be specifically driven by subscale
scores relating to Shape Concern (r = —0.47, p = .001) and Weight
Concern (r = —0.41, p = .003), which reflect body-related attitudes,
rather than attitudes towards eating behaviours (i.e. Restraint/
Eating Concern), which showed no significant relationship with
IAT D scores (see Supplementary Materials for full tables).

DISCUSSION

The present study investigated the perceptual and cognitive-
affective components of body image within ED individuals and
healthy females. Specifically, the multisensory mRHI was used

to assess body ownership and agency, alongside explicit and
implicit measures of body satisfaction. Following induction to
the illusion, results showed that both ED and HC individuals
displayed a similar subjective experience of illusory ownership
and agency towards the fake hand. Moreover, both groups
initially overestimated their own hand width prior to the illusion,
with a significant reduction in overestimation in ED group
following both synchronous and asynchronous conditions,
which was not mirrored to the same degree in the HC group.
Second, ED individuals displayed significantly lower satisfaction
towards their body compared with healthy females, on both an
explicit and implicit level. Such implicit findings were shown
to be driven specifically by a weaker association between words
relating to the self and attractiveness. Finally, a significant
relationship was observed between specific perceptual measures
and implicit body satisfaction, which underlines the key link
between body perception and body emotion. Taken together, the
present findings support previous research by indicating that ED
individuals have a more malleable experience of the bodily self,
compared with healthy females. Moreover, novel findings show
that ED individuals present with a lower implicit satisfaction
towards their body that relates with perceptual experience, which
may provide important implications within clinical treatment.

Using the mRHI, the present study builds upon previous
multisensory integration research within ED groups (13, 24), as
being the first to investigate the sense of agency and its interaction
with body ownership within this population. Whilst the ‘classic’
RHI incorporates a three-way interaction between visual,
tactile, and proprioceptive input (25), the present paradigm
is supplemented by efferent, kinaesthetic information from
voluntary motor actions, which elicits a sense of body ownership
and agency towards a fake hand, both of which are key perceptual
components within the bodily self (38). Results showed that both
ED and HC groups displayed a strong sense of ownership and
agency towards the fake hand following synchronous illusion
conditions. However, contrary to hypotheses, the two groups
displayed a comparable subjective experience of ownership and
agency during the task. This finding is in contrast to previous
work that has investigated subjective body ownership within
the ‘classic’ RHI, in which ED groups displayed higher sense of
ownership towards the fake hand compared with HCs (13, 24).
Together, the above results suggest that the subjective sense of
ownership and agency may be similar between ED and healthy
groups when incorporating voluntary movement towards
body representation.

Similarly, despite previous research observing differences
in proprioceptive drift between the ED and HC groups (24),
the present study is in line with later work that did not observe
such effects between groups (13). Many researchers have widely
accepted that subjective measures of embodiment following
multisensory integration are dissociable from a perceived change
in spatial location, which leads to proprioceptive drift (73, 74).
However, the observed lack of difference between groups and
indeed lack of proprioceptive drift observed from the illusion
may be accounted for by a task-dependency effect. Within the
present study, participants were asked to make a motor response
towards the perceived location of their hand. However, previous
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research in healthy individuals has suggested a dissociation
between perceptual body judgements and motor responses, in
which participants showed susceptibility to the ‘classic’ RHI when
making a perceptual response (i.e. verbal judgement of hand
location) but showed intact proprioceptive judgement when
making a motor response (i.e. a pointing movement towards
hand location) (75). This suggests that the two measures denote
separate body representations; therefore, future research should
investigate whether such proprioceptive measures of the mRHI
differ between ED and healthy groups when using perceptual,
verbal responses of perceived hand location.

The present study provides a valuable foundation to further
study the sense of agency within EDs, which remains a largely
underresearched topic within this clinical population. Given
their close association in contributing towards a coherent body
representation (76), it is difficult to dissociate feelings of agency
and feelings of ownership within voluntary movement, not least
when sensory feedback of movement is likely to further enhance
ownership (77). Within the present study, the contribution of
sense of agency towards the sense of ownership — and vice versa
— cannot be disentangled. Indeed, the observed lack of difference
between HC and ED groups in ownership and agency may be
accounted for by the enhancement of subjective ownership as
a result of subjective agency following synchronous conditions
within the mRHI. Thus, previous research that has observed
greater plasticity in body ownership amongst ED patients within
the ‘classic’ RHI (13, 24) may not be directly comparable to the
present study, given the additional, interlinked component of
agency influencing such subjective ownership. One method to
overcome this in future research would be to first undertake the
‘classic’ RHI to determine the stability of ownership between the
ED and HC groups from visuotactile integration (13), before
then measuring the stability of body agency when introducing
voluntary movement via the mRHI. Indeed, research using the
mRHI has independently investigated the factors that are known
to influence the sense of ownership and agency, in healthy
individuals (37, 71, 78) and clinical groups (79). Specifically,
anatomical plausibility of the hand and mode of movement has
been manipulated, comparing active movement with passive
movement (in which the experimenter moves the wooden
connection, thus moving the fake hand and participant’s hand).
Importantly, such manipulations have been shown to dissociate
the sense of agency from the sense of ownership (38). Within
the present study, the total number of trials within the illusion
task was intentionally limited in order to reduce extensive fatigue
for ED groups; therefore, body ownership and agency were not
independently manipulated.

Furthermore, results showed that whilst both ED and HC
groups displayed an initial overestimation of hand width prior
to the illusion, ED individuals displayed a significant reduction
in their hand width estimation following both synchronous
(illusion) and asynchronous (control) conditions, which was
not directly mirrored in healthy females. This finding is in
line with previous research (13, 26), suggesting that such
perceptual changes from ED individuals occurred irrespective
of the subjective experience of the illusion, which was shown to
significantly differ between conditions. As previously discussed,

research has suggested that greater perceptual effects within
multisensory illusions amongst ED populations are associated
with an increased malleability of the bodily self, in which such
individuals often display a visual dominance that overrides
proprioceptive input during the illusion (13, 24, 26). Therefore,
an increased sensory weighting towards visual input of the
fake hand may have been sufficient to change size estimations
of one’s own hand amongst ED individuals, irrespective of the
condition. Importantly, the present results support previous
research that highlights an inherent instability of perceptual
body representation in ED individuals. Such findings have
important clinical implications within the treatment of body
image disturbance in EDs, by showing that perceptual estimation
of body size can be improved within this population (80). Thus,
whilst the long-term effects of improved perceptual accuracy
of body size remain unknown in ED patients, a more veridical
representation of one’s own body is likely to positively impact
upon clinical outcomes and the cognitive-affective component of
body image disturbance (39, 81).

It must be noted that healthy females did also initially
overestimate their hand size prior to the illusion and show
a subsequent reduced hand size estimation — but following
synchronous conditions only. In other words, healthy females were
shown to improve their hand size estimation as a consequence of
illusion conditions, which reinforces the effect of multisensory
integration in inducing perceptual changes in perceived body
size amongst healthy individuals (59). Importantly, the effect was
different to the ED group who recorded a reduced estimation
following both synchronous and asynchronous conditions,
which reinforces the greater malleability of the bodily self in ED
individuals compared with HCs. However, it is speculated that
initial overestimation from the HC group — which occurred
contrary to hypotheses — may be a consequence of higher ED
psychopathology within the nonclinical range amongst the
present sample. Whilst global EDE-Q scores within the HC group
(median, 1.55) were below the clinical cutoff (2.80; 59), such scores
appear higher than other European countries that use the EDE-Q
in nonclinical samples (e.g. median = .42; 53). Indeed, six HC
participants were excluded from the present study after scoring
above the clinical cutoff for an EDE-Q global score. Therefore, in
addition to the hand size estimation results above, such EDE-Q
scores may also, in some part, explain the nonsignificant effects
between the ED group and HC group on measures of subjective
ownership and agency towards the fake hand. Taken together,
such inflated scores amongst a healthy female sample reinforce
the need to investigate ED psychopathology and vulnerability
in the nonclinical population, and highlight how that EDE-Q
may require assessment as a clinical measure within the UK,
with regard to normative scores between nonclinical and clinical
samples (82).

As shown above (i.e. hand size estimation effects), given
the consistent findings in the ED literature that have shown
perceptual effects of the illusion following both synchronous
and asynchronous conditions, it would be informative for
participants to undertake subjective and objective measures of
embodiment following mere visual observation of the fake hand,
with their own hand hidden from view. This would determine
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the degree of embodiment experienced by participants due to
‘visual capture’ of congruent visuoproprioceptive information
alone, as a baseline measure made prior to visuomotor
integration from illusory trials (83-85). As previously discussed,
experiment duration was minimised for ED individuals
within the present study; therefore, a visual capture measure
of embodiment was not taken. However, given the apparent
increased sensitivity to visual input amongst ED populations,
future research should include such conditions that take such
‘baseline’ measures of embodiment following mere visual
observation of a fake body (part), to more precisely delineate
the role of altered multisensory integration within ED groups.
This would be particularly interesting within an RHI set-up,
as evidence has shown a greater perceptual malleability when
using the RHI compared with a whole body illusion, in relation
to ED psychopathology within healthy groups (83) and clinical
ED groups (26).

As hypothesised, explicit measures of state body satisfaction
revealed significantly lower self-reported scores in ED groups
compared with healthy females. However, to the authors’
knowledge, the present study is the first to investigate implicit
body satisfaction in an ED sample, using the IAT. Results on the
IAT showed that ED individuals displayed a significantly lower
implicit body satisfaction compared with healthy females, with
such differences driven by weaker associations between the self
and attractiveness. These findings support previous research that
suggests ED individuals lack a positive self-serving body image
‘bias’ (7), yet builds further by suggesting that dysfunctional
attitudes towards one’s self-appearance are more deeply rooted
amongst ED individuals, with such implicit cognitions likely to be
more resistant to change or modification compared with explicit,
self-reported cognitions (43). Such findings can have important
clinical implications for recovery and relapse, in assessing the
implicit biases that are not influenced by a patient’s compliance
or pressure to report improvement in clinical outcomes following
treatment (86). Indeed, recovered ED patients who explicitly
self-report improvement in attitudes towards weight and shape
following treatment may still be at increased risk of relapse if
such cognitions are not addressed on an implicit level, which
may play an important role in the prognosis of the disorder (8,
43). This is highlighted in the present study, with implicit body
satisfaction shown to be associated with ED psychopathology
across the whole sample. Specifically, a significant negative
correlation was observed between IAT D scores and global
EDE-Q scores, which was driven by scores on Shape Concern
and Weight Concern EDE-Q subscales, and not from eating-
related subscales (i.e. Restraint/Eating Concern). Importantly,
it is unlikely that this significant correlation across the whole
sample was driven by group differences on the above measures,
given that significant differences were shown across all EDE-Q
subscales between groups (Table 1). Therefore, such findings
reinforce the link between implicit and explicit cognitions
regarding body satisfaction within the pathology of EDs and the
need to address both constructs within treatment to improve
upon clinical outcomes.

Computer-based paradigms such as the IAT can be a cost-
effective method used to assess and improve upon dysfunctional

implicit cognitions within ED treatment, alongside traditional,
explicit measures of clinical interviews and standardized
questionnaires (86). Indeed, increasing research is showing
that interventions that target such implicit processes may have
clinical efficacy in improving cognitions surrounding one’s body
satisfaction (8). Furthermore, whilst the present study used
appearance-related word associations within the IAT, it would be
interesting for future research to dissociate such implicit biases
from general cognitive measures such as self-esteem (87). Indeed,
a dissociation between shape- or weight-related cognitions and
general self-esteem would suggest that altered cognitions within
this population may be specific to the body and would provide
researchers and clinicians with a clearer focus within which to
target treatment (86).

Finally, results revealed a relationship between perceptual
and cognitive-affective components of body image across the
whole sample, shown by significant positive correlations between
ownership questionnaire scores and proprioceptive drift scores
from the mRHI, with implicit body satisfaction from IAT D
scores. This supports the argument that a direct link does exist
between body perception and emotion, with such findings shown
to be driven more specifically by ED group scores. However, the
direction of such relationships was contrary to hypotheses, as
it was predicted that ED individuals would display increased
ownership — implicated with an instability in the bodily self
— which would be associated with reduced body satisfaction.
Whilst the explanation for this effect remains unclear, it could be
speculated that individuals with a greater instability in their body
perception (i.e. ED individuals) may have less negative implicit
attitudes towards their own body because they are attaining their
idealised, yet unhealthy, ultrathin body. This would be particularly
relevant amongst individuals with AN, in which a strong drive
for thinness is a key characteristic within such a diagnosis, with
increasingly prevalent ‘thinspiration’ media websites positively
reinforcing such aberrant weight loss (88, 89). Importantly, such
findings highlight the complexity of the relationship between
perceptual and cognitive-affective components of body image, in
which further research is required to uncover the most salient
conditions in which perceptual alterations relate to emotional
bodily experience.

Given the present findings highlighting a relationship between
perceptual and cognitive-affective components of body image,
future research should investigate how this behavioural
relationship is represented in the brain. Recent neuroscientific
research has significantly increased our understanding of the
neural basis of EDs, with several studies highlighting structural
and functional correlates of body image disturbance (90).
Specifically, alterations in posterior parietal areas, associated with
the integration of sensory information, have been implicated with
the perceptual component of body image disturbance amongst
AN patients (91, 92). Moreover, prefrontal cortex and insula
alterations have been implicated with the affective component
of body image disturbance. Therefore, following neuroimaging
evidence that has highlighted the interaction between perceptual
and affective representations amongst healthy individuals (60),
future research should investigate the functional connectivity
within the brain amongst ED patients, to determine whether
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alterations in the communication between the above neural
regions would link with the prognosis of the disorder.

The above findings must be considered within the context
of limitations of the present study. Whilst a large percentage
of the ED group presented with a diagnosis of AN (~70%), the
heterogeneity in diagnosis (e.g. BN, BED) and treatment received
(e.g. inpatient/outpatient) from ED individuals may have
impacted the results within this group. Given the complexity
and heterogeneity of clinical populations, this is a typical
methodological issue within the ED literature. Indeed, similar
research has shown effects of perceptual instability when using
an ED group with varied diagnoses (23). However, the sample
size within the present study was smaller than previous research
that has included varied ED diagnoses; therefore, future research
should undertake such work amongst larger, homogeneous
samples of independent ED diagnoses.

In conclusion, the present study is one of the first to
investigate the independent roles and relationship between
perceptual and cognitive-affective components of body image,
amongst ED and HC groups. Using a multisensory illusion
paradigm that incorporated active, volitional movement, our
results support previous research in highlighting the malleability
of the perceptual bodily self amongst ED individuals. Second, ED
individuals displayed disturbances in their cognitive-affective
component of body image, shown by significantly lower body
satisfaction on both an explicit and implicit level compared with
healthy females, with altered implicit cognitions shown to be
specifically driven specifically by weaker associations between the
self and attractiveness. Finally, results highlighted an association
between the perceptual and cognitive-affective components of
body image, yet further research is required to determine the
direct effect between these components within both clinical and
nonclinical groups. Taken together, such findings can provide
important clinical implications in the treatment of body image
disturbance, in identifying perceptual alterations amongst this
population that are possible to change, and assess more deeply
rooted, negative implicit cognitions, which should be targeted
alongside typical self-reported measures of recovery in EDs.
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