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Body image disturbance,
interoceptive sensibility and the
body schema across female
adulthood: a pre-registered study

Akansha M. Naraindas* and Sarah M. Cooney*

School of Psychology, University College Dublin, Dublin, Ireland

Introduction: Body image disturbance (BID) typically involves explicit negative
attitudes toward one's shape and weight and is associated with altered
interoceptive sensibility (the subjective perception of internal bodily states).
This association is a known risk factor for the development and maintenance of
eating disorders. However, while research has centred on younger women with
eating disorders, diverse facets of BID appear in women without eating disorders
across adulthood. Research shows that in the general population, young women
(ages 18-25) with high BID exhibit disturbances in the body schema: an implicit
sensorimotor representation of the body in space which includes mental
simulation of a movement such as motor imagery. Given that body image is
subject to age-related influences, it is important to investigate how age-related
variation in BID can influence the body schema beyond young adulthood alone.
Here, we examine the relationship between BID, interoceptive sensibility and the
body schema across female adulthood.

Methods: Cross-sectional data was collected online from 1,214 women across
four age groups: Young adults (18-24), Adults (25-39), Middle-aged adults
(40-59), and Older aged adults (60-75). BID was indexed by questionnaires
measuring body objectification, state, and trait body dissatisfaction. Interoceptive
sensibility (IS) was measured using the MAIA-2 questionnaire. The body schema
was evaluated through the Own Body Transformation task: a mental rotation task
which assesses the capacity to make an embodied mental transformation.

Results: Analyses revealed that while body objectification and trait body
dissatisfaction decreased from young to older adulthood, state body
dissatisfaction showed a marked increase. A negative relationship between IS and
BID across all age groups was also evidenced. Finally, age, BID and orientation
of the presented body were significant predictors of the time taken to make an
embodied transformation.

Discussion: These findings highlight the consistent relationship of BID and
IS across age groups beyond young adulthood and demonstrate the varying
importance of different aspects of BID as individuals age. We also evidence for
the first time that disruptions in body image have the potential to impact implicit
sensorimotor representations of the body even in women without eating disorders
across female adulthood.
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1 Introduction

Body image disturbance (BID) is a multidimensional concept
encompassing perceptual, behavioural, and cognitive distortions
associated with weight or shape (Cash and Deagle, 1997). The
disturbance typically occurs in relation to explicit negative attitudes
and evaluations of one’s body, known as body image (Cash and Deagle,
1997; Skrzypek et al., 2001). Individuals with high levels of BID, as
seen in eating disorders (EDs), also show disruptions in the body
schema—an implicit sensorimotor representation of the body’s
positioning in space and action (de Vignemont, 2010). As such,
individuals with EDs perceive their body as larger than its actual size
and simultaneously interact with their body as if it occupies a greater
space during action (Guardia et al., 2010, 2012; Beckmann et al,
2021). To date links between BID and body schema have primarily
been researched in the context of young women diagnosed with EDs
(Guardia et al., 2010; Keizer and Engel, 2021; Meregalli et al., 2022).
However, the detrimental impacts of negative body image persist in
women across the lifespan, extending beyond young adulthood (Stice
and Shaw, 2002; Kilpela et al., 2015). Despite this, the developmental
variations, and relationships between attitudinal and the sensorimotor
components of BIDs across the lifespan of women remain unknown.
Emerging evidence suggests that interoception, the awareness of the
internal bodily self (Craig, 2002), has a notable influence on both body
image (Badoud and Tsakiris, 2017) and recently the body schema
(Baumann et al., 2022). Therefore, this study seeks to explore, for the
first time, the relationship between BID, interoception and body
schema across distinct epochs of female adulthood.

Body dissatisfaction is a significant component of BID and
comprises negative thoughts and emotions related to the physical
appearance of ones body including body size, weight, shape, and
attractiveness (Cash et al., 2004). Body dissatisfaction typically arises
during adolescence (Wang et al, 2019), and remains relatively
consistent into adulthood (19-40years) (Runfola et al, 2013).
However, research is less consistent about body dissatisfaction in
middle-late adulthood (40-75 years) where some studies indicate that
body dissatisfaction and appearance investment decrease (Runfola
et al, 2013; Kilpela et al, 2015) and other studies report body
dissatisfaction increases (Gagne et al., 2012). Although research into
negative body image among women has largely concentrated on a
narrow age bracket of university undergraduates aged 18-24
(Tiggemann, 2004; Slevec and Tiggemann, 2011), existing studies
show that body dissatisfaction can have enduring negative effects on
women throughout their lives (Cash et al., 2004; Tiggemann, 2004;
Mangweth-Matzek et al., 2006; Mond et al., 2013).

However, body dissatisfaction alone is not sufficient to fully
explain the range of experiences related to negative body image across
adulthood (Tiggemann and Lynch, 2001). Firstly, body dissatisfaction
can be experienced as either an immediate state or a stable trait across
time (Cash et al., 2002). Understanding how transient state body
dissatisfaction relates to the formation of lasting trait body
dissatisfaction is crucial in comprehending the progression of BID
(Leahey and Crowther, 2008; Colautti et al., 2011). Secondly, other
components of negative body image, such as self-objectification, are
believed to have varying effects on body dissatisfaction across different
stages of adulthood (Tiggemann and Lynch, 2001). Self-objectification
involves engaging in body surveillance, which entails viewing and
evaluating one’s body as an object to conform to societal expectations
and to avoid body shame (McKinley and Hyde, 1996). Body
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surveillance is a common risk factor for BIDs (Lindner et al., 2012;
Jackson and Chen, 2015) and even eating pathology in women across
the lifespan (Tiggemann and Lynch, 2001; Tylka, 2004; Grabe et al.,
2007; Slater and Tiggemann, 2015). Younger women are considered
to be more susceptible to societal influence and body ideals,
demonstrating higher levels of body surveillance and body shame
compared to older women (Tiggemann and Lynch, 2001; Grippo and
Hill, 2008). However, women undergo pivotal life transitions
throughout adult life, such pregnancy and menopause, characterized
by physiological changes that can cause deviations from societal body
ideals (Erbil, 2018). In mid-life, women undergo significant hormonal
shifts, especially during the menopausal period, leading to decreased
levels of estrogen and progesterone (Soares and Zitek, 2008). These
hormonal fluctuations influence mood, behavior, and also body
composition, resulting in the redistribution of body fat, decreased
muscle mass, and changes in skin firmness and elasticity (Soares and
Zitek, 2008; St-Onge and Gallagher, 2010). Coupled with immediate
life stressors such as caregiving responsibilities, work demands, and
household obligations, this can limit the time available for self-care
and grooming practices (McLean et al., 2010; Kilpela et al., 2015). As
a result, women in middle to older adulthood also experience high
levels of negative body image albeit, across different domains of BID
compared to younger women (Roy and Payette, 2012; Carrard et al,
2021). Therefore, there is a need for a comprehensive exploration of
the distinct characteristics of the occurrence of negative body image
across different stages of life, particularly in mid to older adulthood.
While body image involves more explicit aspects of body
representation, the body schema is an implicit sensorimotor
representation of the body that is engaged during movement (Head
and Holmes, 1911; Gallagher, 2005; de Vignemont, 2010). According
to the embodiment approach, the body schema also plays a role in
action planning via mental simulation of action, i.e., motor imagery
(Jeannerod, 2001). In motor imagery tasks, individuals mentally rotate
their own body to match a displayed body on a screen (Schwoebel
et al,, 2001; Coslett et al., 2010). This process, known as egocentric
mental rotation (Zacks et al., 2000; Kaltner et al., 2014), relies on one’s
body schema as a foundational basis for the judgement. There is now
mounting evidence that those with clinical BIDs (e.g., individuals with
EDs) show a disturbance in the egocentric reference frame during
body-based mental rotation (Urgesi et al., 2011; Cipolletta et al., 2017;
Meregalli et al., 2022). Studies assessing whole-body mental rotations
in individuals with BIDs typically use variations of the Own Body
Transformation task (OBT) (Blanke et al., 2005; Gardner et al., 2012)
which involve making speeded left- and right-hand judgments of full-
bodied avatars in either front-facing or back-facing positions (Urgesi
et al,, 2011; Cooper and Mohr, 2012; Cipolletta et al., 2017).
Individuals with EDs demonstrate altered reaction times and accuracy
in the OBT task compared to non-ED controls, indicating disturbances
in egocentric processing in ED individuals (Urgesi et al., 2011; Cooper
and Mohr, 2012; Serino et al., 2015; Cipolletta et al., 2017; Meregalli
et al.,, 2022). However, the evidence remains equivocal regarding the
relationship between BIDs, altered egocentric processing, and their
effect on the body schema in individuals without EDs. Some studies
found a relationship between negative body attitudes and altered body
schema among healthy women in body-scaled action, e.g., estimating
passage through a doorway (Guardia et al., 2010; Keizer et al., 2013;
[rvine et al, 2019), while others have not (Wignall et al., 2017;
Glashouwer et al,, 2019). Furthermore, research indicates that ageing
causes declines in the body schema and the bodies spatial
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representations in motor imagery tasks (See: Costello and Bloesch,
2017 for review). These inconsistencies highlight the need for further
investigation of the aetiology of BID and its relationship to the body
schema in non-clinical populations across age.

One explanation that links altered body schema function to BID is
the Allocentric Lock Theory (ALT). The ALT suggests that BID arises
from impairments in egocentric processing, resulting in an inability to
update the allocentric mental representation of the body schema in
memory (Riva, 2014). This disruption is speculated to occur due to
exogenous stressors like negative body image (e.g., body dissatisfaction,
body objectification) which may affect how internal body-related
sensory information (e.g., interoception) is processed (Riva and
Dakanalis, 2018). Interoception involves the awareness of and attention
toward internal physiological signals representing the body’s condition
and contributes to the egocentric body experience (Craig, 2002; Tsakiris
et al, 2011). As a multidimensional concept, interoception spans
conscious and unconscious levels (refer to Garfinkel et al., 2015 for a
review). Interoceptive sensibility (IS) pertains to self-reported awareness
of internal sensations (Khalsa et al.,, 2018), and has demonstrated
associations with body image in individuals both with and without EDs
(Eshkevari et al,, 2014; Jenkinson et al., 2018). Studies with non-ED
participants show a consistent inverse relationship between IS, and
negative body image measures (e.g., body dissatisfaction, self-
objectification) (Myers and Crowther, 2008; Ainley and Tsakiris, 2013;
Emanuelsen et al., 2015; Todd et al., 2019a, 2019b). Moreover, studies
examining the body schema have shown that different aspects of
interoceptive processing are linked to performance in motor imagery,
such as in the OBT task (Heydrich et al,, 2021) and in body-scaled
action tasks (Baumann et al., 2022). Taken together, these findings point
toward interoception playing a crucial role in building and maintaining
image and schema-based body representations.

However, the interactions between body image and interoception
are complex as both concepts are multidimensional (Khalsa et al.,
2018; Prnjak et al., 2022) and are independently influenced by
individual differences, especially age e.g., body image: (Tiggemann,
2004; Karazsia et al., 2017; Hockey et al., 2021; Lacroix et al., 2023),
interoception: (Murphy et al., 2018; Raimo et al., 2021). As such, it is
unclear how both body image and interoception interact with the
body schema within the context of influential sociodemographic
characteristics such as age. Therefore, the objective of this study is to
examine the impact of age-related differences in body image and
interoceptive sensibility on performance in a task that indexes
egocentric mental transformation. The study adopts a cross-sectional
design, recruiting adult females across a range of age groups, spanning
from young to older adulthood. To assess dimensions of BID,
including trait and state body dissatisfaction and self-objectification,
self-report questionnaires are used. IS is also appraised through a self-
report questionnaire. Additionally, egocentric mental transformation
is assessed using a modified version of the OBT task (Zacks et al.,
1999; Blanke et al., 2005).

As such, based on the discussed literature we hypothesize
the following:

1 Regarding OBT task performance:
a The egocentric transformation cost will differ according to the

orientation (0, 90) of the body presented. There will be larger
egocentric transformation costs at 90 degrees compared to 0
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degrees. We expect smaller egocentric transformation costs for
back facing to-side facing avatars.

We expect significant differences in egocentric transformation
costs between the age groups. We predict that the egocentric
transformation cost will decrease with age (Costello and
Bloesch, 2017).

We also manipulate avatar weight in the modified OBT task.
Accordingly, we anticipate variations in task performance
based on the weight of avatars. Specifically, we predict larger
egocentric transformation costs for underweight avatars
compared to overweight avatars.

Regarding Interoceptive sensibility, we expect that IS will
decrease with age in line with finding of Khalsa et al. (2009).
Regarding BID and its individual dimensions, including trait
and state body dissatisfaction and self-objectification,
we predict that all scores will exhibit a decline with age,
aligning with the findings of Grippo and Hill (2008).

We expect that BID will be predicted by interoceptive sensibility
and age (Tiggemann, 2004; Ainley and Tsakiris, 2013).

We expect that the egocentric transformation cost will
be predicted by IS and BID across age (Urgesi et al., 2011;
[rvine et al., 2019; Raimo et al., 2021).

2 Materials and methods
2.1 Participants

The study recruited female participants from four different age
groups: Young Adults (18-24years old), Adults (25-39years old),
Middle-aged Adults (40-59 years old) and Older Adults (60-75 years
old) as classified by the age standards put forward by the World Health
Organisation (United Nations, 2015). Participants were screened
based on whether they identify as female, they are right-handed/
ambidextrous, have normal or corrected-to-normal visual acuity, their
ability to read and write in English, and the absence of neurological
disorders and a Prolific approval rate greater than 90%. Participants
were recruited online through the research participant crowdsourcing
platform Prolific’ and were paid £8.50/h for the duration of the study.
The formula used to calculate the minimum number of participants
needed for the regression was n=100+50i, where i refers to the
number of independent variables in the final model (Bujang et al.,
2018). In the most complex regression model, the maximum number
of predictors not including age group is 4. Therefore, a minimum
sample size of 300 participants per age group (total=1,200) would
be sufficient to derive the statistics that represent the behavioural
parameters. The total sample consisted of 1,214 female participants.
With 301 in the Young Adult group (Mean Age=21.60, SD =1.96,
range = 18-24), 300 in the Adult group (Mean Age=29.16, SD =3.87,
range=25-39), 298 in the Middle Adult group (Mean Age=48.22,
SD =5.63, range=40-59), and 314 in the Older Adult group (Mean
Age=64.61, SD =3.93, range =60-75).

1 https://www.prolific.co/
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We did not exclude participants based on ethnicity; instead,
we accounted for ethnicity as a demographic factor (See
Supplementary file S7 for full breakdown of participants ethnicity). A
majority of the participants (82%) in this study come from countries with
a high human development index >0.70 (e.g., United Kingdom,
United States, Portugal, Poland, Spain, Greece, Canada, Germany, and
South Africa) indicating high levels of socioeconomic development
(United Nations, 2019). Considering that research suggests a link between
body image concerns and Westernization, urbanization, and economic
progress (Becker, 2004; McLaren and Kuh, 2004; Gorrell et al., 2019),
we expect that these countries may exhibit similar levels of body
image concerns.

2.2 Materials

This was a cross-sectional pre-registered? online study involving
a within-subjects repeated measures design with three measures:
Body image disturbance, measured by questionnaires: Body Shape
Questionnaire (Cooper et al., 1987), Body Image State Scale (BISS)
(Cash et al, 2002), Objectified Body Consciousness (OBC)
questionnaire (McKinley and Hyde, 1996), a measure of interoceptive
sensibility (MAIA-2) (Mehling et al., 2018) and a modified version of
the OBT task. The study was presented online on Qualtrics (Qualtrics,
Provo, UT) and Psychopy (version 2021.1.3; (Peirce, 2009)) via the
Pavlovia platform.?

2.3 Questionnaires

2.3.1 Body image disturbance

To construct a composite of BID and investigate its relationship to
the body schema we use the construct of body image disturbance
derived from the Allocentric Lock Theory (Riva, 2014) as mentioned
in the introduction. Wherein, body image disturbance includes self-
surveillance, body shame and body dissatisfaction.

2.3.1.1 Body dissatisfaction

2.3.1.1.1 Trait body dissatisfaction

Trait body dissatisfaction was measured with the Body Shape
Questionnaire (BSQ) (Cooper et al., 1987) which contains 30
questions. Four questions were omitted as they were about weight
control/eating disorder behaviours and were not necessary for our
study. The BSQ has good concurrent and discriminative validity
(Cooper et al,, 1987) and has been tested in clinical and ED samples
(Probst et al., 2008) as well as in the general population (Franko et al.,
2012). Moreover, the BSQ has been validated in 18-50 (Wade, 2016)
and 50-75-year-olds (Sanchez-Cabrero et al., 2020).

2.3.1.1.2 State body dissatisfaction

State body dissatisfaction was measured using the Body
Image State Scale (BISS) (Cash et al., 2002) which measures state

2 https://osf.io/jn48r/
3 https://pavlovia.org/
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(current) levels of body dissatisfaction. Participants were shown
six statements about body dissatisfaction and were asked to pick
statements from a 9-point Likert scale based on how they felt at
that very moment. Scores on the BISS were reverse coded so that
higher scores indicated higher levels of BID. The construct
validity of BISS has been established through experiments with
varying reactions to appearance-related information based on the
degree of dysfunctional body image investment (Cronbach’s
a >0.87 for all versions) (Cash et al., 2002).

2.3.1.2 Body objectification

2.3.1.2.1 Body shame

Body shame was measured using the shame subscale of the
Objectified Body Consciousness (OBCS) questionnaire (McKinley
and Hyde, 1996). Containing eight questions, scored on a 7-point
Likert scale from “strongly agree” to “strongly disagree” the body
shame sub-scale has high internal consistencies a =0.75 (McKinley
and Hyde, 1996), a =0.78 (Greenleaf and McGreer, 2006) and a =0.79
(Forbes et al., 2006). Concurrent validity is supported by significant
positive correlations between the Body shame scale and measures of
individuals with disordered eating (f§ =0.398, p =0.007) (Greenleaf
and McGreer, 2006).

2.3.1.2.2 Body surveillance

Body surveillance was measured by the body surveillance
subscales of the OBCS (McKinley and Hyde, 1996). This scale
contains eight questions each, scored on a 7-point Likert scale
from “strongly agree” to “strongly disagree.” Participants were
given a total score out of 112 with higher scores reflecting higher
levels of body surveillance. The body surveillance subscale has a
Cronbach’s a of 0.84 (McKinley and Hyde, 1996).

2.3.2 Interoceptive sensibility

Measured by the Multidimensional Assessment of
Interoceptive Awareness (MAIA-2) (Mehling et al., 2018) the
scale contains 37 items, scored on a 5-point Likert scale from
“Never” to “Always” The scale contains 37 items, scored on a
5-point likert scale from “Never” to “Always” The MAIA-2
consists of 8 sub-scales including: Noticing, Not-distracting,
Not-Worrying, Attention Regulation, Emotional Awareness, Self-
Regulation, Body Listening, Trust (See: Mehling et al., 2018, for
review on sub-scales). Subscale scores are calculated by summing
responses and dividing by the number of items in each subscale.
However, as we wanted an overall index of IS, we calculated an
overall total by summing all the items together. While the
utilization of a total score is not usually advised for the MAIA-2
(Mehling et al., 2018), we sought to capture an overall index of IS
to include in a regression model. Participants were given a total
score of 185 with higher scores reflecting higher levels of
interoceptive sensibility. The 8-factor model of the MAIA-2 was
confirmed with appropriate fit indices [RMSEA =0.055 (95% CI
0.052-0.058); SRMR =0.064] and improved internal consistency
reliability (Mehling et al., 2018).

2.3.3 Own body transformation task

Constructed on https://bodyvisualizer.com/, (Perceiving Systems
MPIIS, 2011) the stimuli were avatars of full-body female dimorphic
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Which Hand?

FIGURE 1
Example of the avatars from the OBT task as created on

shown below the images in the which hand condition (experimental) and the which side condition (control).

Which Side?

( ) with accurate laterality judgments

figures with either a red or yellow ball placed on the left or right hand
(see ). The avatars were displayed at angular disparities of 0
and 90-degree orientations, and presented in three positions: front-
facing, back-facing, and side-facing. The accuracy and speed of
laterality judgments in this task are typically enhanced when the
avatars’ body is presented in positions and orientations that are most
closely aligned with the observer’s own body, i.e., the 0-degree back-
facing position ( ). Any variations in
response to the orientations of the stimuli can be attributed to the
influence of biomechanical constraints on the participant’s response
profile ( ). To vary the size of the stimuli the bodies of
the avatars were made to appear marginally over and marginally
under the average BMI of 22 by +/— 5 BMI points (e.g.,
underweight=17 BMI, overweight=27 BMI). Variations in size and
position were used to prevent participants from associating specific
stimulus types with particular laterality judgments in the task (
).

In the experimental trials, the avatars had a yellow ball in
their hand, and participants were instructed to imagine that the
avatar’s body was their body and that they were in the same
position as the avatar. Participants were required to make a 2AFC
judgement regarding what hand the ball was in: their left hand or
their right hand as seen in . They were instructed to
respond as quickly as possible whilst continuing to respond as
accurately as possible by pressing the left or right arrow key on
the keyboard. In this task, we predicted that participants would
take longer to mentally rotate front-facing and side-facing
avatars, as they were contralateral to the participant’s actual body
position, compared to back-facing avatars which were ipsilateral
to the participant’s own body position.

During control trials, a red ball was presented to signal a
different task requirement. Participants were instructed to
determine the side of the screen where the ball appeared, rather
than focusing on which hand the ball was associated with (as in
experimental trials), as depicted in . The control trials
did not require participants to use motor imagery to make an
embodied transformation, thus the time taken to make “which

Frontiers in

side” judgments enabled us to ascertain the cost to the response
time of making an embodied transformation (

). Control rials were displayed in 0 degrees only, to
be compared with 0-degree experimental trials. Internal validity
and reliability of OBT tasks are shown across multiple different
studies in clinical and healthy populations (

)

2.4 Procedure

This was an online study where participants were instructed
to complete the tasks on a laptop or computer and to have the
browser in full-screen mode. The order of the tasks was
counterbalanced within each age group, with half of the
participants completing the OBT task first followed by the
questionnaires and the other half completing the questionnaires
first followed by the OBT task.

In the OBT task participants were given instructions on how to
perform the tasks and then given 10 practice trials. There were four
blocks of 36 trials, of which 24 were experimental trials and 12 were
control trials, resulting in 96 trials in total. For the experimental trials,
stimuli were presented once per stimulus combination: orientation (0,
90), position (front-facing, back-facing, side-facing), and weight
(below average BMI, above average BMI). This was a forced choice
task and key press responses that corresponded with the direction of
judgement were required to proceed to the next trial and response
times were recorded accordingly. Additionally, three attention check
trials were randomly presented to ensure participants were paying
attention. The total time taken to complete the task was approximately
10-15min.

Participants were directed to a survey where demographic data:
participants’ age, ethnicity, presence of existing mental health
conditions and whether they had/have an eating disorder were
recorded. This was followed by the BSQ ( ), BISS
and the Body Shame and Body Surveillance subscales of the OBCS
( ) in that order. Finally, participants were
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given the MAIA-2 (Mehling et al, 2018) to assess
interoceptive sensibility.

3 Results
3.1 Data analysis

First, descriptive statistics were computed for all variables
included in the study. The BID composite score was calculated as a
combination of the scores on the four body image.

questionnaires (BSQ, BISS and body shame and body
surveillance subscales of the OBCS). The scores on these
questionnaires were z-standardised to allow for cross-scale
comparison. The z scores represent differences in standard
deviation units, (i.e., the mean at each time point minus the
grand mean of all the observations divided by the overall standard
deviation). The BID composite was calculated by adding the
z-scores of all the questionnaire measures divided by the number
of questionnaires (Andrade, 2021). The raw means and standard
deviations of the scores for each questionnaire are reported by
age group as seen in Table 1. Effect sizes, (Cohens ‘d for t-tests
and partial eta squared for ANOVA’s) were used to estimate the
main effects and between-group differences. Greenhouse-Geisser
corrections were used when Mauchly’s test for sphericity was
significant and Bonferroni corrections for multiple comparisons
were applied to post hoc tests where appropriate.

For the OBT task, participants failing more than two attention
checks in the task were not included in the analysis (N =8).
Response latencies faster than 200 ms and slower than 5,000 ms
were removed from the analysis (Harris et al., 2012). Additionally,
to identify RT outliers, a within-participant threshold was
calculated using the mean of each participant on each position
condition (back-facing, front-facing, and side-facing). The
reaction time outliers were.

defined as 3.5 standard deviations from the individual participant
RT mean for that condition; with overall 377 trials removed (0.38%).
Mean RTs on correct trials are reported for Position (back-facing,
front-facing, and side-facing trials) and Orientation (0, 90) in Table 2.
An egocentric transformation index was calculated by subtracting the
mean RT on correct trials for back-facing trials from front-facing
trials (Thakkar et al, 2009). This transformation index was
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subsequently used as the outcome variable in the regression analysis.
Statistical analyses were conducted using R Statistics (R Core Team,
2021) and JASP (Team, JASP, 2023).

3.2 Body image disturbance

A between-groups ANOVA was conducted to compare the BID
composite for each age group (see Table | for means and standard
deviations). The ANOVA revealed a significant difference in BID
composite scores between Age groups [F (3, 1,212) =6.545, p <0.001,
1, =0.016]. Post-hoc comparisons indicate that there was significantly
higher BID in the Young Adults group (¢ =3.854, SE =0.219, p <0.001,
d=0.311), Adult group (t =3.677, SE =0.222, p =0.001, d =0.300) and
Middle Adult group (¢ =3.156, SE=0.222, p =0.01, d =0.258)
compared to the Older Adult group. There were no significant
differences in BID between the Young Adult, Adult and Middle Adult
groups. See Figure 2A to see the comparison of BID and body image
scales across age groups.

3.3 Age-related differences across body
image and interoceptive sensibility
measures

Between-group ANOVAs were conducted to investigate
age-related variances in body image and IS. Full reported means and
standard deviations are presented in Table 1. Z-scores for body image
measures are plotted in Figure 2A and Z-scores for IS are plotted in
Figure 2B.

3.3.1 Body shape questionnaire

The ANOVA revealed significant age group differences in the
BSQ [F (3, 1,212)=12.782, p <0.001, 1%, =0.016]. Post-hoc
comparisons indicate significantly higher BSQ scores in the
Young Adults group compared to the Older Adults group
(t =3.569, SE =2.620. p =0.002, d =0.288). Significantly higher
BSQ scores were also reported in the Adult group (¢ =3.950,
SE =2.648, p <0.001, d =0.322) and the Middle Adult group
(t=2.816, SE =2.655, p =0.03, d =0.230) compared to the Older
Adult group. There were no significant differences in BSQ scores
between the Young Adult, Adult and Middle Adult age groups.

TABLE 1 Mean BID z composite scores and mean raw scores for the BISS, BSQ, Surveillance, Shame, Interoceptive sensibility (MAIA-2) and split by age
group (Means and SDs).

Questionnaires Young adults Middle adults Older adults
(N =301) (N =298) (N =314)

BID 0.252 (2.62) 0.225 (3.01) 0.107 (2.64) 0.594 (2.57)

(z composite)

BSQ 88.61 (33.43) 89.79 (36.22) 86.73 (30.76) 79.26 (29.02)

BISS 30.34 (9.62) 31.16 (10.33) 33.78 (9.51) 32,92 (9.24)

Body Surveillance 35.80 (8.32) 34.38 (9.11) 31.99 (8.86) 28.96 (8.87)

Body Shame 28.51 (8.59) 28.90 (9.89) 27.69 (8.78) 25.76 (8.04)

Interoception 118.65 (15.89) 120.16 (16.38) 117.61 (17.53) 115.29 (15.25)

(MAIA-2)
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TABLE 2 The Mean (SD) reaction times (RTs) on correct trials (ms) on the own body transformation (OBT) task in each age group for orientation and
position and Egocentric transformation.

Age group Back-facing Front-facing Egocentric transformation
(front-facing - back-facing)
0 degrees 90 degrees 0 degrees 90 degrees 0 degrees 90 degrees
Young Adults 1254.201 (426.42) 1438.061 (524.81) 1774.314 (600.66) 1689.223 (571.67) 517.812 (385.472) 250.461 (330.517)
Adults 1367.783 (522.17) 1551.589 (621.82) 1886.987 (656.60) 1803.062 (652.56) 512.501 (380.371) 241.856 (356.268)
Middle Adults 1418.732 (456.10) 1540.181 (538.16) 1866.371 (582.20) 1801.347 (601.01) 444.022 (376.018) 257.526 (338.914)
Older Adults 1651.261 (478.87) 1787.07 (540.1) 2095.255 (615.17) 2015.246 (576.85) 432.454 (428.801) 209.936 (363.233)
A B
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: e Body Surveillance sub-scale S
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FIGURE 2
Mean z-standardized scores of the composite body image disturbance (BID) measure, including the aggregated scores from the body shape
questionnaire, body image state scale, body surveillance, and shame sub-scales of the OBC (A) Mean z-standardised interoceptive sensibility scores
from the MAIA-2 Questionnaire (B) Error bars indicate 95% confidence intervals. Data plotted across different age groups.

3.3.2 Body image state scale

The ANOVA revealed significant age-group differences in the
BISS [F (3, 1,212)=16.271, p <0.001, n%, =0.020]. Post-hoc
comparisons indicate significantly lower BISS scores in the Young
Adults group compared to the Middle Adults group (t =—4.399,
SE =0.784, p <0.001, d =—0.356) and the Older Adult group
(t=-3.299, SE =0.782, p =0.006, d =—0.274). Significantly lower BISS
scores were also reported in the Adult group compared to the Middle
Adult group (t =—3.353, SE =0.792, p =0.005, d =—0.274).

3.3.3 Body surveillance

The ANOVA revealed significant age group differences in the
Body Surveillance Subscale [F (3, 1,202)=70.791, p <0.001,
1%, =0.018]. Post-hoc comparisons highlighted significantly
higher body surveillance scores in the Young Adult group
compared to the Middle Adult group (¢t =5.366, SE =0.711,
p <0.001, d =0.434) and the Older adult group (t =9.642,
SE =0.709, p <0.001, d =0.778). Significantly higher surveillance
scores were also reported in the Adult group compared to the
Middle (¢t =3.329, SE =0.719, p =0.005, d =0.272) and Older
Adult group (t =7.555, SE =0.717, p <0.001, d =0.616).
Surveillance scores were also significantly higher in the Middle
Adult group compared to the Older Adult group (t =4.207,
SE=0.719, p <0.001, d =0.344).
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3.3.4 Body shame

The ANOVA revealed significant age group differences in the
Body Shame subscale [F (3, 1,210)=7.433, p <0.001, n2P =0.017].
Post-hoc comparisons highlighted significantly higher body shame
scores in the Young Adult (¢ =3.841, SE =0.714, p <0.001, d =0.310),
Adult (t =4.311, SE=0.721, p <0.001, d =0.351) and Middle Adult
(t =2.665, SE=0.723, p =0.047, d =0.310) groups compared to the
Older Adult group. There were no significant differences in body
shame scores between the Young Adult, Adult and Middle
Adult groups.

3.3.5 Interoceptive sensibility

The ANOVA revealed a significant difference in scores on the
MAIA-2 between the age groups [F (3, 1,210)=4.839, p=0.002,
1°,=0.012]. Post-hoc comparisons indicated that this difference was
in higher IS scores in the Adult group compared to the Older Adult
group (t=3.704, SE=1.328, p=0.001, d=0.302) (see Figure 2B). No
other statistically significant group differences in IS were found.*

4 After pre-registering this study in 2021, new recommendations suggest
that the MAIA-2 total score should be calculated by averaging the scores of
its sub-scales (Datko et al., 2022; Hubner et al., 2022; Millman et al., 2023).
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3.4 The effect of interoceptive sensibility
and age on body image disturbance

To examine the contribution of age and interoception on
body image disturbance a multiple hierarchical regression was
conducted with the composite measure of BID as the outcome
and age group and IS as predictors. The different age groups
(Adults, Middle Adults and Older adults) were entered into the
null model, with Young Adults as the reference group. The first
step was found to be significant [R*=0.0167, F (3, 1,212) =6.545,
p <0.001]. Older Age was a significant negative predictor of BID
(SE =0.184, p <0.001). IS was then entered into the second step
of the model, this was found to be a significant contribution to
the model [R* =0.066, F (4, 1,211) =34.067, p <0.001]. IS was a
significant negative predictor of overall BID (t =-10.714,
p <0.001) (See Figure 3) and each individual subscale of BID (see
Supplementary files S1, S2 for full reported regression results and
correlation matrix of IS and all body image questionnaires).

Considering this, we calculated IS using this method and ran the analyses again
and observed no changes in the findings (see Supplementary file S8 for full

reported result)

10.3389/fpsyg.2023.1285216

3.5 Own body transformation task

3.5.1 Performance

Overall performance was above chance with overall mean
accuracy (% correct) (M =80.97, SD =16.67), and overall Mean RT
(M =1783.70ms, SD =765.62). Please see Table 2 for full descriptive
statistics for this task. Of note, accuracy for side-facing experimental
trials was low and barely above chance level (M =51.33, SD =8.83).
Due to this high error rate side-facing trials were subsequently
excluded from further analysis, deviating from the initial
pre-registration plan.

3.5.2 Experimental vs. control

To examine the efficacy of the experimental versus control
conditions we ran a 2 * 2 ANOVA with Condition (control,
experimental) and Position (front-facing, back-facing) on 0- degree
trials as within subjects’ factors and Accuracy (% correct) as the
dependent variable. As expected, a main effect of Condition
(F(1,4,828)=294.83, p <0.001, 1%, =0.058] and Position [F (I,
4,828)=6.133,p=0.013, nzp =0.001] emerged. There was no significant
Position*Condition interaction on accuracy [F(1,4,828)=0.30,
p =0.584, n°, <0.001]. Post-hoc tests indicate significantly higher
accuracy for control trials (M =94.89, SD =15.84) compared to
experimental trials (M =93.89, SD =12.86) (t =2.477, SE =0.403,
p=0.013,d =0.07) in all positions except for back-facing trials (for full
post hocs see Supplementary file S3).

Interoceptive sensibility (Z)

Age group

Young Adults (18-24)
- Adults (25-39)
- Middle Adults (40-59)
- Older Adults (60-75)

Body Image Disturbance (2)

FIGURE 3

Scatter plot showing z standardised Interoceptive sensibility scores on the Y axis and body image disturbance on the X axis with regression line plotted
for each age group. Marginal densities for interoceptive sensibility and body image disturbance are displayed on the sides of the graph.
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3.5.3 OBT performance

To investigate performance on the OBT task we calculated Mean
RT on correct trials for Orientation, Weight, and Posture of avatar per
Age group and ran a 2x2x2x4 omnibus mixed-model ANOVA with
Posture (front-facing, back-facing), Orientation (0 degrees, 90
degrees), and Weight (underweight, overweight) as and Age group
(Young Adults, Adults, Middle-Adults, Older adults) as the between-
subjects factor. The analysis revealed a significant main effect of
Position [F (1,1,262)=8.6831, p =0.003, nzp =0.007] on RT. Post-hoc
comparisons show that back-facing trials (M =1,499ms, SD =539)
had faster reaction times compared to front-facing trials (M = 1864 ms,
SD=619) (t=—2.95,SE=0.109, p =0.003, d =—0.021). However, there
were no significant interactions between Position and Age group
indicating that all age groups demonstrated comparable RTs in trials
across position of avatar. There was also no significant main effect of
Orientation [F (1,1,262)=0.0106, p =0.918, nzp <0.000]. While there
was a significant interaction effect between Orientation and Age group
[F (3,1,262) =2.8009, p =0.039, nzp =0.007], post-hoc t-tests did not
survive Bonferroni corrections. There were no significant main effects
of Weight [F (1,1,262) =0.3998, p =0.527 1%, =0.000]. There were no
significant two or three-way interactions and no significant between-
subjects effects of age (see Supplementary file 54 for full reported
ANOVA results, post-hocs and interactions).

3.5.4 Egocentric transformation cost
On the OBT task participants typically demonstrate an egocentric
transformation effect, exemplified by prolonged reaction times when

10.3389/fpsyg.2023.1285216

mentally aligning front-facing avatars with their own egocentric view,
as opposed to back-facing avatars (Zacks et al., 1999; Gardner et al,,
2012). From the outcome of the above ANOVA (See 3.5.3),
participants exhibited an egocentric transformation effect (faster
performance for back-facing trials than front-facing trials). To capture
this transformation cost, an egocentric transformation index was
calculated by subtracting Mean RT on correct trials for the position of
the avatar [front-facing - back-facing]. As avatar weight had no effect
on RTs as reported above, weight was dropped as a variable from the
analysis. Mean egocentric transformation scores across age groups and
orientations are reported in Table 2 and can be seen in Figure 4.

A two-way ANOVA was conducted to investigate differences in
egocentric transformation cost across the four age groups between
different Orientations. The analysis revealed a significant difference in
egocentric transformation cost [F (3, 2,373)=3.541, p =0.014,
1’y =0.004]. Post-hoc tests indicate significantly lower transformation
cost scores in the Older Adult group (M =321.01 ms, SD =412.30)
compared to the Young Adult group (M =383.49ms, SD =382.77)
(t=2.946, SE =21.365, p =0.019, d =0.170). The analysis also revealed
significant differences in transformation cost across orientation [F (1,
2,373)=242.54, p <0.001, nzp =0.093]. Post hoc tests indicate that
participants had larger egocentric transformation cost at 0 degrees
(M =477.30ms, SD =394.47) compared to 90 degrees (M =240.18 ms,
SD =347.22) (t =15.574, SE =15.202, p <0.001, d =0.639). There was
no significant interaction between age group and Orientation on the
egocentric transformation cost [F (3, 2,373) =1.753, p =0.158,
12, =0.002].
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FIGURE 4
Boxplots indicating the mean reaction time difference (ms) for egocentric transformations (front-facing -back-facing) (Y axis) by age group (X axis),
separated by orientation (0 and 90 degrees).
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3.5.5 Does BID and IS predict egocentric mental
transformation performance?

A multiple hierarchical regression model was conducted to
investigate the effect of BID and IS on the rotational cost of making an
egocentric transformation [front-facing RTs - back-facing RTs].
Orientation of avatar (0 degrees, 90 degrees) and Age group (Young
Adult, Adults, Middle Adults, Older Adults) were entered as factors
(due to the significant effects of orientation and age on the egocentric
transformation cost) in the null model with the young adults and 0
degrees as the reference group. The first step was found to be significant
[R* =0.097, F (2,2,378)=126.92, p <0.001]. Age and Orientation
accounted for 9% of the total variance in the egocentric transformation
cost. The oldest age group was a significant negative predictor of the
model (SE =21.362, p =0.003) and 90-degree orientation was also a
significant negative predictor of the model (SE =15.188, p <0.001).
Then BID and IS were entered into the second step of the model. The
model was significant [R* =0.099, F (4, 2,376)=65.276, p <0.001],
with a significant model change over the null model (p <0.05).
Overall, the model showed that Orientation (SE =177.238, p <0.001)
and BID (SE =3.29, p =0.016) were significant positive predictors of
the transformation cost. IS did not emerge as a significant predictor
of the model (unstandardized coeficients for the hierarchical linear
regression analysis for variables predicting the egocentric
transformation cost can be found in Supplementary file S5). An
exploratory correlational analysis was conducted to investigate the
relationship between individual BID components and back-facing and
front-facing RTs in 0- or 90-degree avatar orientations to investigate
further
Supplementary file S6 for correlation matrix). Pearson’s correlation

the relationship between the variables (see
coefficient indicated that in the 90-degree condition, body shame and
back-facing rotations were positively correlated r (1190)=0.059,
p =0.04. And body shape concern and front-facing rotations were
strongly positively correlated r (1190) =0.095, p <0.001. Additionally,
BISS scores and front-facing 90-degree rotations were strongly related

r (1190) =0.083, p =0.004.

4 Discussion

The aim of the current study was firstly, to examine body image
disturbance, interoceptive sensibility and its pattern of expression
across distinct epochs of female adulthood. Secondly, to investigate if
body image disturbance and/or interoceptive sensibility predicts
performance on an embodied motor imagery task that indexes the
body schema.

4.1 Age-related differences in body image
disturbance

With regards to the age-related variation of attitudinal negative
body image: the BID composite scores remained comparable in the
Young Adult, Adult and Middle Adult age groups, after which it
significantly declined in the Older Adult group. Other body image
trajectory and cohort studies support this finding, indicating that
negative body image seems to be stable across female adulthood;
specifically, from young (Ages: 18+) to the end of middle adulthood
(Age: 60) after which it steadily declines into older adulthood
(Tiggemann and McCourt, 2013; Fallon et al., 2014; Quittkat et al.,
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2019; Lacroix et al., 2023). However, to date, no study has looked at
age-related differences across multiple different components of BID.

Upon examining the various components of BID, no significant
differences were observed in body shame and body shape concern
across the Young Adult, Adult, and Middle Adult groups. However, a
notable decline was observed in the Older Adult group. The findings
suggest that body shape and shame concerns in middle adulthood are
comparable to those in young adulthood. While previous studies have
suggested that individuals become less susceptible to body image
concerns as they age (e.g., Feingold and Mazzella, 1998), it is important
to recognize that women undergo various biopsychosocial changes
throughout adulthood, such as pregnancy, childbirth, and menopause,
which can affect the physical appearance of their bodies (Samuels
etal., 2019). These changes contribute to the persistence of negative
body image into middle adulthood, challenging the notion that young
adulthood alone is a vulnerable period for body concerns and eating
disorders. Indeed, research suggests that the perimenopausal period
presents a risk factor for the initial onset or recurrence of an ED
(Kilpela et al., 2015). Lewis and Cachelin (2001) found that middle-
aged women (ages 50-65) exhibited higher levels of bulimic
tendencies, drive for thinness, and reduced interoceptive awareness
compared to older women (ages 66+) (Lewis and Cachelin, 2001).
When considering the findings of the current study in conjunction
with previous research, it is evident that women in middle adulthood
may face similar risks and consequences associated with BIDs as
younger womer.

Women in the older age group demonstrated significantly lower
body shame, body shape concern, and self-surveillance than women
in the three younger age groups. This aligns with previous research
findings suggesting that there is a notable decrease in negative body
image in older adulthood (Oberg and Tornstam, 2001; Tiggemann
and Lynch, 2001; Tiggemann and McCourt, 2013). One potential
explanation for this is the shift from an appearance-focused evaluation
in early to mid-adulthood to an emphasis on the functionality of one’s
body in older age (Reboussin et al., 2000; Augustus-Horvath and
Tylka, 2011). For instance, a study by Baker and Gringart (2009) found
that physical health and fitness exerted a greater influence on body
satisfaction and body-related self-esteem in older adults compared to
physical appearance (Baker and Gringart, 2009). This suggests that
various aspects of positive body image (e.g., body functionality)
become more influential in the evaluation of the body during the later
stages of adulthood.

Interestingly, when considering state body dissatisfaction, as
measured by the BISS, middle and older adults exhibited higher levels
of state body dissatisfaction compared to the younger age groups. This
was a surprising and unexpected finding. However, state body image
has not yet been investigated in older women within the current
literature. One possible explanation for this novel finding - which
shows the opposite direction across age groups compared to the three
other measure of negative body image that we employed - is the
influence of intra-individual variability that is known to have an
impact on immediate self-evaluative states, such as feelings of self-
worth and self-esteem (Paradise and Kernis, 2002). Additionally,
physical aspects like BMI, are known to influence body image state
(Melnyk et al,, 2004; Rudiger et al., 2007). In middle adulthood, there
is commonly an upward trend in BMI and body fat distribution, with
significant increases during the menopausal period (Runfola et al.,
2013; Kodoth et al., 2022). This can occur due to decreases in estrogen,
which can impact body composition and slow down metabolism
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(Kodoth et al., 2022). Research conducted on middle-aged and older
women consistently demonstrates a relationship between menopause,
self-esteem, body dissatisfaction, and higher BMI (Algars et al., 2009;
Ayers et al., 2010). Furthermore, research indicates that middle and
older adult women have generally lower levels of self-esteem than
younger adult women (Robins and Trzesniewski, 2005) and this has
also been linked to body dissatisfaction in these age groups (Paa and
Larson, 1998). As such, the comparable increase in state-level body
dissatisfaction in the mid and older age group of women may
be influenced by various factors, including hormonal changes during
midlife that contribute to the deviation from the prevailing thin-
young ideal standard of beauty(Kilpela al., 2015).

Age-related differences were also observed in body surveillance,
whereby the young adult group showed significantly higher levels
compared to all other age groups. Furthermore, there was a consistent
linear trend of declining body surveillance with increasing age. This
finding is in line with research that has reported that self-surveillance
peaks in young adulthood (Ages:20-30) (Tiggemann and Lynch, 2001)
and subsequently declines with increasing age (Tiggemann and Lynch,
2001; Greenleaf, 2005). Younger women are said to be more susceptible
to societal influences on body image compared to older women (Kilpela
et al, 2015). This vulnerability is associated with various youth
behaviours, including increased social networking (Brajdi¢ Vukovi¢
et al., 2018), formation of new peer networks (Dohnt and Tiggemann,
2006), and engagement in body talk (Wang et al., 2019). These findings
support the claim that younger women exhibit specific vulnerabilities
regarding body image, placing them at a higher risk of developing EDs
compared to older age groups (Kilpela et al., 2015).

4.2 Interoceptive sensibility and body
image disturbance across age

We observed a linear decline in IS from adulthood to middle
adulthood and older age. Notably, a significant decrease in IS was
observed specifically from adulthood to older adulthood. Older
adulthood is associated with decreased interoceptive processing,
attributed to age-related changes in nerve myelination and
conduction (Verda et al., 2000). This leads to reduced sensory
discrimination and diminished processing of visceral signals in
the body (Murphy et al., 2018; Palve and Palve, 2018). Current
research supports the idea of reduced egocentric processing (e.g.,
self-body recognition) in older age, and this has also been linked
to negative body image (Bellard et al., 2022). In the current study,
we found that IS contributed a unique variance to BID
independent of any age-related declines in IS. This novel finding
provides evidence for the distinctive contribution of IS to BID,
beyond recognized protective body image factors such as age
(Samuels et al., 2019). Indeed, upon examining the association
between individual body image scores and IS scores, while
controlling for age, a consistent negative relationship was
observed across all scales. This was similarly demonstrated by
Todd et al. (2019a) who reported a negative correlation between
interoceptive sensibility and aspects of both negative and positive
body image in adolescents (Todd et al., 2019b). Overall, the
findings of this study add to the growing evidence that
interoception is a crucial contributing factor to BID: with the
present study demonstrating this relationship throughout several
stages of female adulthood.
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4.3 The influence of BID, IS and age on the
body schema

In the current study, the body schema was indexed by an
embodied transformation task that requires motor imagery to
complete (Blanke et al., 2005; Gardner et al., 2012). We demonstrate,
for the first time, that BID in a healthy female population predicts a
significant increase in the time taken to make an egocentric mental
transformation. Difficulties in egocentric mental transformation have
previously been reported in individuals with clinical levels of BIDs
(e.g., individuals with EDs) (Urgesi et al., 2011; Cooper and Mohr,
2012; Serino et al., 2015; Cipolletta et al., 2017). In those studies,
performance is compared to a non-ED control group, with poorer
performance by the ED group suggesting that high levels of BID are
associated with disruptions in the body schema. Here we show that
high levels of BID in women without EDs are related to how they
imagine their body via motor imagery. Previous findings in
non-clinical populations have indicated that factors such as dietary
restraint (Wignall et al,, 2017) and body dissatisfaction (Irvine et al,
2019) contribute to an altered experience of the body schema.
However, we found that a combination of different, equally weighted
components of BID, contributes to alterations in how egocentric
information is processed in relation to the body schema. The
Allocentric Lock Theory supports the idea that BID impairs the
utilization of real-time egocentric information (Riva, 2014). This has
typically been observed in individuals with EDs, who show difficulties
in constructing and updating an allocentric representation based on
visual input, indicating a deficiency in using the egocentric reference
frame (Serino et al, 2015; Lander et al, 2020). In this study,
we successfully replicate this in individuals without EDs across
adulthood: indicating that BID outside of clinical disorders can also
influence the body schema.

However, contrary to the assertions of the Allocentric Lock
Theory we found that egocentric sensory information, specifically
interoception, did not significantly predict the time taken to make an
egocentric transformation. In this study, our interoception
(Interoceptive sensibility) measure was the MAIA-2, which measures
explicit self-reported evaluations of one’s tendency to notice and
attend to internal physiological states (Mehling et al, 2018).
Interoception involves the transmission of signals between the central
nervous system and the visceral organs (Vaitl, 1996) and denotes the
ability to sense, perceive, and regulate internal visceral states
(Sherrington, 1906; Chen et al., 2021). Hence, it is important to
include psychophysiological assessments of visceral-afferent signal
transmission (e.g., heartbeat discrimination, gastric signalling
sensitivity) when investigating interoception (Forkmann et al., 2016).
Indeed, a study by Baumann et al. (2022) found that perception of
gastric signalling, a measure of IS, was related to body schema
judgments in a body-scaled action task (Baumann et al., 2022). Given
the observed association in the present study between explicit IS and
explicit negative body image measures, future research could explore
the relationship between implicit interoceptive processing and implicit
body schema. The relationship between the body schema, an often-
considered unconscious body representation, and interoception, a
multidimensional construct, could be revisited using comprehensive
measures of interoceptive propensity (Murphy, 2023).

Additionally, the analysis revealed that the age of the participants
as well as the orientation of the stimuli were significant contributors
to the egocentric transformation cost. The oldest age group
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demonstrated a significant negative contribution to the transformation
cost, indicating that older women took a similar time to perform
front-facing and back-facing mental rotations. This finding is
consistent with research that indicates that ageing can lead to deficits
in strategy switching in spatial tasks (Harris et al., 2012; Harris and
Wolbers, 2014). Previous research that has employed motor imagery
tasks such as the hand laterality task has reported that older adults
show less of a distinction in performance between back-facing and
palm-facing positions of the hand compared to younger adults
(Nagashima et al., 2021). However, in the present study, all age groups
performed similarly in terms of response accuracy. This is in line with
research by Inagaki et al. (2002) who noted that the ability to rotate
images is relatively preserved with age, leading to correct responses in
spatial tasks, although the ability to shift perspective declines (Inagaki
etal., 2002).

Furthermore, stimulus orientation also significantly influenced
the cost of egocentric transformation. Specifically, the transformation
costs were smaller for orientations at 90 degrees compared to 0
degrees. This finding can be attributed to biomechanical constraints
affecting mental rotations of anatomically familiar versus unfamiliar
orientations (lonta et al., 2012). Anatomically familiar orientations (0
degrees) are typically processed faster than unfamiliar orientations (90
degrees), resulting in a smaller difference in the transformation cost
between back-facing and front-facing conditions in the 90-degree
orientation (Qu et al., 2018). Upon inspecting the association between
the components of BID and the different orientation conditions of the
OBT, we found that body shape concern, body image state and body
shame were significantly positively correlated with the reaction times
of performing egocentric mental rotations in 90 degrees as opposed
to 0 degrees. This finding aligns with those reported by Wignall et al.
(2017), who showed that non-clinical participants exhibit less
representations of body width when imagining their bodies
horizontally but not vertically (Wignall et al., 2017). Taken together,
this indicates that pre-clinical BID is associated with the ability to
make egocentric transformations when the body is imagined in
orientations incongruent to familiar embodied body processing.

5 Limitations and future directions

It is important to note that although BID contributes to the time
taken to make an embodied transformation, much of the variance in
transformation time remains unaccounted for even after factoring in age
and interoception. Therefore, self-report BID and IS are not sufficient
alone to explain the performance in the OBT task in individuals without
EDs. Our sample comprises participants from many different countries,
suggesting ethnicity as a relevant covariate. However, body image has
now become a global health concern, accelerated by the rapid
technological and economic globalization (Thornborrow et al., 2022),
which has resulted in a convergence of appearance concerns among
women across the world (Rodgers et al., 2023). While our study did not
examine the impact of ethnicity on body image, we strongly advocate for
future research to explore the role of race and to incorporate
considerations of minority stress and body capital theories (Rodgers
etal., 2023) when investigating the relationship between BID, IS and the
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body schema. Lastly, studies using a cross-sectional design are prone to
cohort effects (Glenn, 2005) and are more reflective of age-related
differences as opposed to age-related developmental changes. Hence,
future research should incorporate a longitudinal approach to investigate
the developmental trajectory of BID from early adolescence to late
adulthood. Understanding how BID emerges in adolescence will allow
us to explore causal relationships regarding its effects on interoception
and body schema.

6 Conclusion

The present study demonstrated: (a) that components of body
image disturbance take on different trajectories across female
adulthood, and (b) a disturbance in body image is associated with
how the body schema is manipulated in non-clinical populations.
These findings are important given that there is little research on
how different facets of body image and the body schema develop
in relation to one another across the female lifespan. Overall,
these findings suggest that disruptions in body image have the
potential to impact the body schema even in non-clinical
populations while considering important individual factors
such as age.
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