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Abstract

Body image disturbance, consisting of an affective (body dissatisfaction) and
perceptual (body distortion) component, is not only found in eating disorders,
but is also present in healthy individuals, affecting their psychological well-
being and everyday life. A higher body mass index is associated with higher
body dissatisfaction, whereas results in relation to body distortion are mixed.
Furthermore, body dissatisfaction is associated with a weight-related atten-
tional bias. This study aimed to investigate the mediating role of a weight-
related attentional bias in the relationship between body mass index and body
image disturbance. Forty-one college women took part in a virtual reality and
eye tracking procedure, in which the illusion of owning a virtual avatar with
their body measurements was induced. During this procedure, body-related
attentional bias was measured and afterwards body image disturbance was
assessed. Mediation analysis revealed that weight-related attentional bias
mediated the relationship between body mass index and body dissatisfaction
(but not distortion). These findings suggest that modifying weight-related
attentional bias would be a useful treatment target for improving body dissatis-
faction. In addition, virtual reality technology could serve as an innovative
method for modifying attentional bias in an ecologically valid way.

Highlights

1. This Virtual Reality and Eye-Tracking study expands our knowledge about
the relation between body mass index, body-related attention and body
image disturbances.

2. The results suggest that attentional bias towards weight-related body parts
mediates the relation between BMI and body dissatisfaction.

3. On the contrary, the relation between BMI and body distortion was not
significant.
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1 | INTRODUCTION

Previous research has suggested that individuals with a
higher body mass index (BMI), such as overweight and
obese individuals, are more susceptible to being highly
stigmatized (Brownell, Puhl, Schwartz, & Rudd, 2005;
Puhl & Brownell, 2001; Puhl & Heuer, 2009), and suffer
misjudgments based on negative attitudes, beliefs or
assumptions towards their weight or body shape—a phe-
nomenon known as weight-bias (Alberga, Russell-May-
hew, von Ranson, & McLaren, 2016; Washington, 2011).
Consequently, overweight and obese individuals may be
affected by a poor body image representation of them-
selves (Puhl & Heuer, 2009), also known as body image
disturbances (BIDs).

Individuals with BID, including its affective (body dis-
satisfaction) and perceptual (body distortion) components
(Cash & Deagle, 1997), typically present dysfunctional
cognitions and emotions (e.g., sadness, anger or disgust)
related to the way in which they experience their own
body shape or weight, producing significant body avoid-
ance (e.g., wearing loose clothes) or negative body check-
ing strategies (Legenbauer, Thiemann, & Vocks, 2014).

Following on from the previous statement, several
studies have reported higher body dissatisfaction levels
among overweight and obese individuals compared to
normal-weight persons (Schwartz & Brownell, 2004;
Weinberger, Kersting, Riedel-Heller, & Luck-Sikor-
ski, 2016).

Moreover, BMI, among other psychological factors
(e.g., weight-related teasing or self-esteem), may be an
important predictor of body dissatisfaction in adult
women (Pingitore, Spring, & Garfieldt, 1997), adolescents
(Cattarin & Thompson, 1994; Stice & Whitenton, 2002;
Wojtowicz & von Ranson, 2012) and children or young
adolescents (Kelly, Patalay, Montgomery, & Sacker,
2016). In contrast, such a relation was only found among
men with binge eating disorder (BED), while body dissat-
isfaction was not predicted by BMI among women with
BED (Matz, Foster, Faith, & Wadden, 2002).

As for the relation between BMI and body size esti-
mation, some studies have found that healthy partici-
pants with low BMI tended to overestimate their
body size, while participants with high BMI tended
to underestimated it (Cornelissen, Bester, Cairns,
Tovée, & Cornelissen, 2015). Other studies have found
the opposite relation, in which participants with low
BMI underestimate their body size, while participants
with high BMI overestimate it (Thaler et al., 2018).
Finally, still other studies have found no relation
between BMI and body size estimation in healthy indi-
viduals and anorexia nervosa (AN) patients (Hagman
et al., 2015).

Therefore, based on the results from previous studies,
it may be difficult to objectively define the role of BMI in
BID (body dissatisfaction and body distortion).
Suggesting that other variables may be influencing this
relationship. Among those variables, body-related atten-
tion has received growing attention (Rodgers & DuBois,
2016). For instance, previous authors have suggested that
a dysfunctional pattern of visual attention towards the
body in individuals with higher BMI may maintain or
even exacerbate their body dissatisfaction levels (Roefs
et al., 2008).

Previous research focusing on the relation between
dysfunctional body-related attention and BID suggested
that all body information consistent with previous dys-
functional cognitive schema (e.g., ‘I have big thighs’) is
more strongly noticed and processed, compared to
schema-inconsistent information (e.g., ‘T am getting thin-
ner’) which is not equally noticed or is even ignored
(Rodgers & DuBois, 2016; Tuschen-Caffier et al., 2015;
Williamson, White, York-Crowe, & Stewart, 2004).

In a phenomenon known as attentional bias (AB),
described as the propensity to pay more attention to cer-
tain types of stimuli or information (e.g., disorder-
relevant information) over other sorts of information
(Williamson et al., 2004), adult patients with eating disor-
ders (EDs) and individuals with high body dissatisfaction
show a tendency to focus more on self-reported unattrac-
tive body parts than other body parts (Freeman et al.,
1991; Jansen, Nederkoorn, & Mulkens, 2005; Roefs et al.,
2008; Tuschen-Caffier et al., 2015). Similar results have
been found in adolescents with different ED subtypes
and healthy adolescents (Bauer et al., 2017).

In addition, previous studies suggest that individuals
with a higher BMI (who typically present higher body
dissatisfaction levels) exhibit AB towards self-reported
unattractive body parts as well. Indeed, increased BMI in
normal-weight women correlated with an AB towards
their self-reported most unattractive body areas (Roefs
et al., 2008). Similar results were found in individuals
with obesity, who focused more on the waist (a weight-
related body part) than did normal-weight individuals
(Gardner, Morrell, Watson, & Sandoval, 1990). According
to Svaldi, Caffier, and Tuschen-Caffier (2011) both indi-
viduals with and without BED revealed an AB towards
their self-reported ugliest body parts compared with the
most beautiful ones. Interestingly, BED individuals
showed longer and more frequent fixations on their self-
reported unattractive body parts, and their BMI levels
correlated with the AB towards their self-reported unat-
tractive body parts. On the other hand, Warschburger,
Calvano, Richter, and Engbert (2015) reported that
higher BMI levels predicted higher AB towards self-
reported attractive body parts in normal weight and
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overweight women and men. Consequently, this relation-
ship between BMI and body-related attention requires
further exploration in order to draw clearer conclusions.

Several studies have found that AB towards one's self-
reported unattractive body parts elicits higher body dis-
satisfaction in women (Smeets, Jansen, & Roefs, 2011),
adolescents with AN and bulimia nervosa, and in healthy
adolescents (Bauer et al., 2017). These results were also
found in a study in which AB was induced using negative
body-related words (Smith & Rieger, 2009). On the con-
trary, when AB among body dissatisfied women was
induced towards their self-reported attractive body parts
it led to higher body satisfaction levels (Jansen et al.,
2016; Smeets et al., 2011). Based on these results, AB
modification has been proposed for use in ED treatments
(Renwick, Campbell, & Schmidt, 2013).

To sum up, previous research suggests that, first, a
higher BMI may elicit AB towards self-reported unattrac-
tive body areas in one's body; and second, this dysfunc-
tional body-related attention elicits higher body
dissatisfaction levels. Hence, body related-attention may
mediate the relationship between higher BMI and body
dissatisfaction, and body distortion as well. However, to
the best of our knowledge, no study to date has assessed
whether such relations exist.

We propose a new visual attention assessment method-
ology using a virtual reality (VR) head-mounted display
(HMD) with an eye-tracker (ET) device add-on. Even
though fixed ETs have proven to be useful tools for provid-
ing a direct and continuous measure of visual attention,
and particularly sustained attention (Jiang & Vartanian,
2018), they also present some limitations such as the lack
of external validity (Kredel, Vater, Klostermann, & Hos-
sner, 2017). The combination of VR and ET devices pro-
vides the ability to generate more ecologically valid
settings, for example, through the simulation of real-life
situations, while the individual's visual attention patterns
are measured in an accurate and objective way (Lutz et al.,
2017). The use of VR-based embodiment techniques pro-
vides the chance to create a real-size 3D simulation of the
body of the participants with their specific physical fea-
tures (Gutiérrez-Maldonado, Ferrer-Garcia, Dakanalis, &
Riva, 2018) and to feel their artificial body as their own
body, in a paradigm known as full body illusion (FBI).
Furthermore, it even allows the manipulation of percep-
tual and emotional body representations (e.g., Porras Gar-
cia, Ferrer Garcia, Olszewska, et al., 2019; Preston &
Ehrsson, 2014; Serino et al., 2016). Two previous studies
conducted by our group combined ET and VR technolo-
gies to assess gender differences in AB using a VR-based
embodiment procedure. Women showed an AB towards
weight-related body parts, while men showed the opposite
gaze behaviour (Porras-Garcia et al., 2018) specifically

towards muscular-related body parts (Porras Garcia, Ferrer
Garcia, Olszewska, et al., 2019; Porras-Garcia, Ferrer-Gar-
cia, Ghita, et al., 2019).

The current study aimed to explore the relation
between BMI, body-related AB (weight vs non-weight-
related body parts) and BIDs in a sample of women. Spe-
cifically, the aim was to assess whether AB towards
weight related body parts mediates the relation between
BMI and body dissatisfaction/body distortion. The AB of
participants was measured while they were embodied in
a female virtual body (VB) with their actual body mea-
surements (real-size VB). It was expected that women
with a higher BMI would experience higher body dissatis-
faction/distortion levels after owning the real-size
VB. However, it was also expected a mediational effect of
AB towards weight-related body parts, in this previous
relation. Therefore, it was expected that, first, individuals
with a higher BMI would spend more time looking at the
weight-related body areas; second, those individuals who
spent more time looking at weight-related body parts
would experience higher body dissatisfaction and body
distortion levels after owning the real-size VB.

2 | METHOD
2.1 | Participants
Forty-one college women (M,, = 23.89 years,

SD = 3.25 years, Mgy = 22.46 kg/m?, SD = 2.81 kg/m?)
from the Campus Mundet of the University of Barcelona
were recruited to participate in this study using social
networks and flyers. Self-reported diagnosis of a current
ED, a BMI value lower than 18.5 (underweight) or higher
than 30 (obesity) (World Health Organization, 2004), and
self-reported severe mental disorder were considered
exclusion criteria. Similarly, to previous studies
(e.g., Stice & Bearman, 2001) it was decided to use a
restricted BMI range. Thus, individuals with underweight
or obesity were excluded.

2.2 | Instruments

2.2.1 | Hardware and software

Each participant was exposed to an immersive virtual sce-
nario using a HMD HTC-VIVE connected to a computer
with enough graphic and processor power to move VR envi-
ronments. Two programs were used to develop the virtual
simulations: Blender v.2.78 software was used to create a
3D Caucasian female avatar wearing a standard black outfit
(t-shirt, jeans and trainers; see Figure 1). In order to avoid
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Weight-related AOIs
B Non-weight-related AOls

FIGURE 1 Visual description of the weight-related and non-
weight-related areas of interest (AOIs), in the female and male
virtual avatars

any influence of the individual's hairstyle on participants,
the avatar's hair was covered with a swimming cap. Like-
wise, the avatar's face was covered, since it was wearing a
Head Mounted Display (HMD), like the real HMD that par-
ticipants were wearing during the task. Object-oriented pro-
gramming code was developed using the Unity 3D 5.5.v
software to place the avatar in the virtual environment,
which consisted of a small room including only a large mir-
ror situated on the wall, 1.5 m in front of the participant.
HTC-VIVE HMD and VIVE controllers incorporate sensors
which are tracked by the base stations mounted at opposite
corners of the playing area, and which allow the software to
capture the movement of the head and the arms of the par-
ticipants and transfer it to the avatar. The mirror was visible
only during the third person perspective condition
(in which participants were instructed to look at their VB in
the reflection) and throughout the ET assessment.

2.2.2 | Body-related AB assessment

Participants' selective visual attention was measured
using the complete fixation time on the areas of interest

(AOIs), as previously used in research on body-related
attention (e.g., Bauer et al., 2017). Weight related body
parts (W-AOIs) were chosen based on the Weight Scale
of body items of the Physical Appearance State and
Trait Anxiety Scale questionnaire (Reed, Thompson,
Brannick, & Sacco, 1991), and drawn onto a picture of a
female avatar in the frontal view. Body parts included
in the W-AOIs were the legs, thighs, buttocks, hips,
stomach (abdomen) and waist. As it is currently not
possible to reproduce muscle tone, no representation of
it was included. After the separation of W-AOIs, the
remaining body parts (head, neck, chest, shoulders,
arms and feet) were labelled as non-weight related body
parts (NW-AOIs; Figure 1).

Visual fixation was defined by Jacob and Karn
(2018) as the visual act of maintaining one's gaze at a
single location for a minimum duration, usually
100-200 ms. The sum of the visual fixation times of
each of the subjects was estimated using the complete
fixation time on the AOIs. This was achieved by sum-
ming up separate fixation times spent on W-AOIs vs
on NW-AOIs. Previous studies focusing on body-
related attention used this specific gaze-behavioral
measure, provided by ET technology, as a reliable and
continuous measure of attention allocation towards
specific body areas (Bauer et al., 2017; Jiang & Var-
tanian, 2018; Kerr-Gaffney, Harrison, & Tchanturia,
2018; Svaldi et al., 2016).

2.2.3 | Bodyimage dissatisfaction and
body image distortion assessment

The Body Image Assessment Scale—Body Dimensions
(BIAS-BD, Gardner, Jappe, & Gardner, 2009) was used
to assess BID in this study. The BIAS is a figural draw-
ing scale questionnaire, which presents physical
anthropometric dimensions of adult women in a series
of human silhouettes. Participants selected the one
that was perceived as their body size (perceived silhou-
ette) and the one they desired to have (desired body
size). Then, according to their BMI, the real silhouette
was also selected. The scale allows researchers to esti-
mate the participant’'s body dissatisfaction (discrep-
ancy between perceived and ideal body size) and body
distortion (discrepancy between perceived and real
body size). This scale has been shown to have good
psychometric properties, such as good test-retest reli-
ability (r = .86) with data collection before and after a
two-week interval, and good concurrent validity
(r = .76), after comparing participants’ perceived
actual body size and self-reported BMI (Gardner
et al., 2009).
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2.3 | Procedure

This study was approved by the ethics committee of the

University of Barcelona. Before the beginning of the

study, each participant freely signed the consent form,

which explained the procedure and informed participants
about data confidentiality as well as their ability to with-
draw from the study at any point without consequences.

Additionally, confidentiality was ensured by assigning a

different identification code to each of the participants.

To calculate their BMI, each participant's weight and

height were measured. Next, using a camera, the

researcher took a photo of the participant. The partici-
pant was asked to stand with her arms slightly raised and
legs separated on a fixed position 2 m from the camera.

Researchers used Unity software to adapt the measures

of the virtual avatar's silhouette to each of the body parts

(e.g., arms, legs, hips, waist, chest, stomach, breast,

shoulders, etc.) of the participant captured in the photo.

Finally, the participant owned their avatar in the VR sce-

nario using a HMD (HTC-VIVE). Two procedures were

conducted:

« Visuo-tactile stimulation procedure: This procedure was

used to enhance the FBI. The participant was asked to
look at herself, in first person perspective, while the
researcher applied a series of continuous touches to
specific body parts (15s for each arm, 30s for the
abdomen and 15 s for each leg) with the HTC-VIVE
controller, which was also visible in VR. One and a
half minutes later a mirror appeared on the wall in
front of the participant in the VR scenario and the pro-
cedure was repeated, but, at that time, the participant
was asked to look at herself in the mirror (third person
perspective).
After the visuo-tactile stimulation procedure, FBI
levels were assessed in each VB condition using a
visual analog scale ranging from 0 (none) to
100 (completely).

« ET assessment task: To record the eye movements the
Pupil Labs HTC Vive ET device—a 120 Hz contact free
binocular ET add-on for the VR HMD (HTC VIVE)—
was used. It has a spatial accuracy of one degree and
gaze precision of 0.08°. The accuracy of the ET record-
ings was measured using a nine-point calibration pro-
cedure. After the calibration and validation procedures
spontaneous eye movements were recorded while par-
ticipants were instructed to look for 30 s at the reflec-
tion of their avatar in the mirror (Jansen et al., 2005;
Roefs et al., 2008). The participants were asked to try
to avoid sudden head movements throughout the
task. Previously, as a cover story, they were told to
remain still while the virtual avatar position was being
recalibrated.

After finishing both procedures, the participant left
the VR environment and completed the BIAS-BD
questionnaire.

2.4 | Statistical analysis

Ogama software (Open Gaze Mouse Analyzer) was used
to transform the ET raw data into suitable quantitative
data. Additional data transformation was conducted by
calculating the difference between weight-related and
non-weight-related AOIs (e.g., complete fixation time
[W-AOIs: 2,515 ms—NW-AOIs: 2,510 ms = 5 ms]).
Therefore, a positive outcome would mean that the
participant had been looking at the weight-related
body parts longer than at the non-weight-related body
parts, while a negative outcome would mean the
opposite.

The following analyses were conducted with the sta-
tistical software IBM SPSS Statistics v.23. Initially, a
paired-sample f-test was used to determine whether there
was a statistically significant difference between the
amount of time that participants spent looking at weight-
related vs non-weight-related AOIs. Then, based on pre-
vious research, the following mediational model was pro-
posed: BMI (X) indirectly affects body dissatisfaction and
body distortion levels (Y) through the mediating effect of
a complete fixation time on body-related AOIs (M,
mediator).

First, to test the total effect of BMI on body dissatis-
faction and body distortion, two simple regression ana-
lyses were conducted. Additionally, indirect effects were
tested using the software PROCESS (Hayes, 2013) and
using an empirical bias-corrected bootstrapping proce-
dure with 10,000 resamples and a 95% confidence inter-
val. This is considered a suitable statistical procedure for
conducting mediational analysis in a small sample size,
in contrast to traditional approaches (e.g., Baron &
Kenny, 1986). The indirect effect (paths a x b) is consid-
ered statistically significant if the 95% confidence interval
does not include zero (Hayes, 2013).

3 | RESULTS

The descriptive results revealed that, overall, participants
spent more time looking at weight-related AOIs
(M = 9,505 ms, SD = 4,154 ms) than non-weight related
AOIs (M = 6,528 ms, SD = 539 ms; t[36] = 2.831,
p = .008). Regarding the BIAS-BD questionnaire, partici-
pants reported an average body dissatisfaction score of
11.74 (SD = 14.30) and an average body distortion score
of 12.79 (SD = 13.01).
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FIGURE 2 Scatter plot assessing the linear relation between
BMI and body dissatisfaction values

All the requirements of the test were met. A linear
relationship among the variables (BMI and body dissatis-
faction) was apparent using a scatter plot (see Figures 2
and 3), and there was homoscedasticity and normality of
the residuals. Finally, there was independence of the
residuals, as assessed by Durbin-Watson statistics, and
no outliers or extreme cases were detected. Simple regres-
sion analyses showed that BMI significantly predicted
body dissatisfaction levels F (1.40) = 9.019, p = .005,
accounting for 18.8% of the explained variability, but did
not predict body distortion F (1.40) = .80, p = .375.

Consequently, there was a significant total effect of
BMI on body dissatisfaction but not on body distortion.
Since having a significant total effect is no longer a neces-
sary requirement for an indirect effect to be present
(Hayes, 2013), both body dissatisfaction and body distor-
tion were included in two separated mediational models.

The results of the simple mediational analysis indi-
cated that BMI was a significant predictor of fixation time
on weight-related AOIs, and that complete fixation time
on weight-related AOIs was a significant predictor of
body dissatisfaction. In addition, the direct effect showed
that BMI was no longer a significant predictor of body
dissatisfaction after controlling for the mediator, com-
plete fixation time, on weight-related AOIs. Approxi-
mately 30% of the variance in body dissatisfaction was
accounted for by the predictors (R* = .30). The indirect
effect was also significant. Having higher BMI scores was
associated with ~1.07 points of higher body dissatisfac-
tion scores as mediated by spending more time looking at
the weight-related AOIs (see Figure 4).

As for the mediational effect of complete fixation time
on weight-related AOIs on the relationship between BMI
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40
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FIGURE 3 Scatter plot assessing the linear relation between

BMI and body distortion values

and body distortion, the results of the simple mediation
analysis showed that complete fixation time was not a
mediator of this relationship (see Figure 5).

4 | DISCUSSION

This study aimed to explore the relation between BMI,
AB towards weight-related body parts, and BIDs, specifi-
cally body dissatisfaction and body distortion, in a college
sample of women. To do so, we developed a new visual
attention assessment methodology using a VR HMD with
an ET device add-on, in which each participant was
embodied in a female virtual avatar with their actual
body measurements.

The results showed that a higher BMI significantly
predicted higher body dissatisfaction, but not higher
body distortion levels, after participants owned their
real-size VB. These results are consistent with previous
studies in which adults or adolescents with a higher
range of BMI values reported higher body dissatisfaction
(Cattarin & Thompson, 1994; Pingitore et al., 1997;
Schwartz & Brownell, 2004; Stice & Whitenton, 2002;
Weinberger et al., 2016; Wojtowicz & von Ranson,
2012). However, these results contrast with other studies
that did not find such a relation in non-clinical samples
(Bearman, Presnell, Martinez, & Stice, 2006; Stice &
Bearman, 2001).

On the other hand, a significant relation between
BMI and body distortion was not found, meaning that
participants showed similar accuracy in estimating their
body size independently of their BMI. This lack of
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FIGURE 4 Mediational model
analysis between BMI, body-related
attention and body dissatisfaction

Indirect ab=1.07, SE=.43, 95% CI [.15-2.28]
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M= Complete fixation time
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Y= Body
dissatisfaction

v
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FIGURE 5 Mediational model
analysis between BMI, body-related
attention and body distortion
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X=BMI = distortion

relation between body distortion and BMI has also been
found in previous studies with non-clinical samples
(Cornelissen, McCarty, Cornelissen, & Tovée, 2017;
Hagman et al.,, 2015). However, they are inconsistent
with the findings of Cornelissen et al. (2015). These
authors found that non-clinical participants with a low
BMI tended to overestimate their body size, while partici-
pants with a high BMI underestimated it. These contra-
dictory results may be explained by the different
procedures used to estimate body size in the reviewed
studies. Thus, in our study, perceived and ideal body
images were assessed using a silhouette test. This paper-
based procedure (BIAS-BD), as well as that used by Cor-
nelissen et al. (2017) in the second procedure, allows par-
ticipants to see the full range of body sizes (from
slimmest to largest) available for the assessment. In con-
trast, in Cornelissen et al. (2015) and in the first proce-
dure in Cornelissen et al. (2017), all individuals were

randomly presented with a single image of a female ava-
tar that was larger or smaller than the participant’s body,
and they had to decide whether it matched their body
size or not in a yes-no task (Cornelissen et al.,
2015, 2017).

A significant mediation effect of AB towards weight-
related body parts was also found in the relationship
between BMI and body dissatisfaction, meaning that BMI
was indirectly affecting body dissatisfaction levels only
through the mediating effect of a complete fixation time
on weight-related AOIs.

According to our results, individuals with a higher
BMI paid more attention to the weight-related body
areas, compared to individuals with a low BMI, when
they were embodied in a real-size VB. Several studies
have previously found an AB towards self-reported unat-
tractive body parts or weight-related body parts in non-
clinical women with a high BMI when exposed to
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pictures of their own body (Gardner et al., 1990; Roefs
et al., 2008; Svaldi et al., 2011), and in BED individuals
(Svaldi et al., 2011). These results show a body checking
visual attention strategy towards weight-related body
parts usually perceived as problematic among women
(Alfano, Hildebrandt, Bannon, Walker, & Walton, 2011).
In contrast to our results, Warschburger et al. (2015)
reported that overweight women and men paid more
attention towards self-reported attractive body parts
when they were exposed to pictures of their own or con-
trol bodies. The differences between studies may be
explained by the following: even though our weight-
related body areas were consistent with the self-rated
unattractive body parts in Warschburger et al.'s (2015)
study (e.g., waist, stomach and thighs), they used photo-
graphs of participants taken from a different angle and
wearing underwear, while in our study, the virtual avatar
wore tight standard clothes. Additionally, the two studies
used completely different visual-attention assessment
procedures, with different ET devices. In our study, an
ET device add-on VR-HMD was used, and therefore gaze
patterns were measured while participants were embod-
ied in a virtual avatar with their real measures, and they
could see their own VB when looking at themselves or
their reflection in the mirror in front of them. On the
other hand, Warschburger et al. (2015) used a fixed ET
device in which participants were presented with a series
of pictures of their own and control bodies. Conse-
quently, our study allowed participants to reproduce
real-life situations (e.g., looking at your own body in the
mirror), while the individual was in their own body, pro-
viding a more ecologically valid experimental setting.
However, it should also be considered that a VB does not
represent all the realistic features of a person’s own body
as well as a photograph.

Furthermore, individuals who spent more time
looking at weight-related body parts while they were
embodied in the real-size VB rated body dissatisfaction
levels as higher in the silhouette scale test after leaving
the virtual environment. Previous studies that used a
short-term body exposure intervention (less than a
minute), as in our study, found similar results in which
higher body dissatisfaction levels were elicited by induc-
ing an AB towards self-reported unattractive body parts
(Bauer et al., 2017; Smeets et al., 2011) or by using nega-
tive body-related words (Smith & Rieger, 2006, 2009)
among high body-dissatisfied women or ED patients. Our
study supports the relationship between AB towards
unattractive body parts or areas of higher concern, and
body dissatisfaction, after controlling for the BMI of our
participants.

Different results were reported by Jansen et al. (2016),
who proposed two different AB modification training

procedures towards self-reported unattractive or attrac-
tive body parts in a group of women with high body dis-
satisfaction. It was observed that after five long-term
exposure sessions (30 minutes each), all women, regard-
less of whether they were exposed to their self-reported
unattractive or attractive body parts, reported higher
body satisfaction levels. Even though our results seem to
initially contradict this latter study, when we consider
the initial unattractive body exposure sessions of Jansen
et al. (2016), our results are not so different. More specifi-
cally, in the study conducted by Jansen et al. (2016) body
satisfaction levels slightly decreased during the first
5 minutes of each session (even the last one), as happens
in short-term body exposure interventions, showing a
sensitization to unattractive body parts. However, during
the session, participants tended to become used to the
body discomfort experienced, and their body satisfaction
levels progressively increased showing habituation to
their unattractive body parts. Similar results were found
in previous studies that reported that systematic desensi-
tization towards one's own body was a successful strategy
to reduce anxiety and to increase body satisfaction in
obese participants (Jansen et al., 2008). To sum up, the
number of sessions and the time of exposure to the body
may play an important role in the relationship between
AB towards unattractive body parts and body
dissatisfaction.

In summary, our study presents new evidence for the
mediational role of body-related attention in the relation
between BMI and body dissatisfaction. However, even
though the variables involved in the mediational model
were assessed in an appropriate temporal order (BMI-
AB-BD), the causality between body-related attention
and BD might be debated. Since some participants may
already present certain levels of BD before the VR task, it
may be that AB towards weight-related body parts elicit
higher BD levels, but the opposite effect is also possible,
suggesting a bi-directional relationship between body-
related attention and BD. Indeed, some studies have
found that individuals with high BD present an AB
towards self-reported unattractive body parts (e.g., Roefs
et al., 2008; Tuschen-Caffier et al.,, 2015). Therefore,
future studies should measure BD before and after the
AB assessment task to establish whether an increase in
BD levels after the ET assessment task is indeed related
with the dysfunctional gaze-behavioural pattern towards
the body.

Relatedly, future studies may focus on changing dys-
functional body-related attentional patterns as a success-
ful way to improve body dissatisfaction levels among
non-clinical individuals, as well as patients with eating
and weight disorders. As previously suggested, AB modi-
fication training towards un/attractive body parts may be
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considered as a suitable approach to reduce body dissatisfac-
tion. Furthermore, in this study we propose a new selective
visual assessment method based on using an embodiment-
based VR technique with an ET device add-on. Future AB
modification training may profit from this new approach by
simulating emotionally salient real-life situations among
individuals with body issues (e.g., looking in a mirror in a
clothing store, or in a bathroom), or by modifying some
body parts (e.g., increasing or reducing the weight-related
body parts) while the individual's visual attention patterns
are objectively measured.

Several limitations of this study should be noted.
First, even though the participants already represented a
wide range of BMIs (from 18.5 to 30), individuals within
extreme BMI values, such as underweight participants
(<18.5 BMI) or obese participants (>30 BMI) were not
included in the study because the virtual avatar could not
realistically reproduce extreme BMI values, for example,
by displaying an important gain or loss of weight repre-
sented throughout the whole body. Consequently, the
results are not generalizable to individuals with obesity
or very low weight. Likewise, as our sample consisted of
college-aged women without ED, the results found can-
not be generalized to other populations, such as men,
other age ranges or ED patients. More studies are neces-
sary to assess whether this model fits clinical ED patients,
including patients with AN, Bulimia Nervosa, BED
patients, and persons with overweight or obesity. Given
the gender differences in ideal body image representa-
tions (Alfano et al., 2011) and the consequent gender
differences in AB towards specific body parts (Porras-
Garcia, Ferrer-Garcia, Ghita, et al., 2019), it would be
interesting in future studies to assess the relation
between BMI, AB towards muscular-related body parts,
and BIDs among men. Finally, in order to measure BIDs,
it was decided to use a classical figure drawing scale
questionnaire. Even though this instrument presents
robust psychometric properties (Gardner et al., 2009),
recent studies have used newer procedures in which body
image representations were assessed using more realistic
human-based 3D scales (e.g., Cornelissen et al., 2015;
Cornelissen et al., 2017). Future research may also use
VR-embodiment techniques as an assessment tool to
assess BIDs, in which participants could even change some
body parts according to their perceived or ideal body rep-
resentations, while owning a human-based 3D avatar.

Despite its limitations, this study expands our knowl-
edge about the relation between BMI, body-related atten-
tion and BIDs. The results suggest that AB towards
weight-related body parts mediates the relation between
BMI and body dissatisfaction. On the contrary, the rela-
tion between BMI and body distortion was not signifi-
cant. Therefore, future research focusing on assessing or

treating body dissatisfaction and its associated clinical
disorders should not only consider an individual's BMI
value, but also their body-related AB. In addition, further
research should address the question whether a relation
between BMI, AB towards weight-related body areas and
body dissatisfaction also exists among individuals with
obesity and among ED patients. Finally, the combination
of VR and ET technologies opens up new opportunities
in body-related attention assessment and its treatment.
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