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Abstract
Objective: Power posing involves the adoption of an expansive bodily posture.
This study examined whether power posing could benefit individuals with
anorexia nervosa (AN) and women with normal weight in regards to intero-
ceptive ability and affective states.
Method: Participants included 50 inpatients and outpatients with AN as well
as 51 normal‐weight women. Interoceptive accuracy (IAcc), measured by the
heartbeat tracking task and interoceptive sensibility (IS), measured by confi-
dence ratings, were assessed at baseline, after a single power posing session
and after 1 week of daily training. Also, the short‐term effects of power posing
on subjective feelings of dominance, pleasantness, and arousal were
investigated.
Results: Both groups increased in their IAcc after one power posing session.
Also, there was a significant main effect of time on feelings of dominance and
pleasantness in the short‐term. Women with AN displayed lower levels of IS,
dominance, and pleasantness as well as higher levels of arousal than women
without AN.
Discussion: These findings suggest that power posing has the potential to
increase IAcc, subjective feelings of power and pleasant affect in the short‐
term. Further research should investigate which mechanisms foster the
effectiveness of this intervention to tailor it to the needs of women with AN.
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1 | INTRODUCTION

Anorexia nervosa (AN) is an enduring and deliberating
eating disorder, with severe psychological, physiological,
and social consequences (Fichter, Quadflieg, Crosby, &
Koch, 2017). Despite advances in identifying the risk and
maintaining factors of the illness, AN remains chal-
lenging to treat (Murray, Quintana, Loeb, Griffiths, & Le
Grange, 2019; Oldershaw, Startup, & Lavender, 2019),
with studies reporting high rates of relapse (Berends,
Boonstra, & van Elburg, 2018) and treatment drop‐out
(Dejong, Broadbent, & Schmidt, 2012; Linardon, Hindle,
& Brennan, 2018). Although no gold‐standard therapy is
available for adults (Resmark, Herpertz, Herpertz‐
Dahlmann, & Zeeck, 2019; van den Berg et al., 2019),
cognitive behavioural therapy (CBT) has been shown to
be moderately effective for symptom reduction and is one
of the recommended, most widely used psychothera-
peutic approaches to treating AN (Zeeck et al., 2018).
This form of therapy includes techniques such as
creating personalized formulations, psychoeducation,
cognitive restructuring, self‐monitoring, recognizing di-
etary rules, addressing the over‐evaluation of shape and
weight or mirror exposure (Byrne, Fursland, Allen, &
Watson, 2011). Broadly speaking, these interventions
strongly rely on executive functioning, that is, top‐down
processing, to achieve behavioural and emotional
changes (Goldapple et al., 2004; Huang et al., 2014; Jokić‐
Begić, 2010; Otto, Misra, Prasad, & McRae, 2014; Shou
et al., 2017). Top‐down processing involves the recruit-
ment of higher‐order brain regions (e.g., the prefrontal
cortex) to modulate responding in emotion‐generative
brain areas (e.g., the amygdala) (Buhle et al., 2014;
Ochsner et al., 2009). In contrast, bottom‐up processing
refers to the direct reactivity of emotion‐generative brain
regions without active recruitment of higher‐order brain
areas (Westbrook et al., 2013). Embodiment interventions
are nonverbal, experiential techniques that use the
posture and the movement of the body as a way to
generate emotions, thereby strongly relying on mecha-
nisms of bottom‐up processing (Pietrzak, Lohr, Jahn, &
Hauke, 2018).

It has been suggested that, in addition to improving
cognitive control, it is important to examine which body
manipulations could support treatment outcomes in in-
dividuals with AN (Cascino et al., 2019; Folk et al., 2016).
Although studies on the effectiveness of embodiment
interventions in eating disorder populations remain
scarce (Stinson, 2019), there is some evidence from
nonclinical samples suggesting that they could be a
valuable complement to CBT for AN. For example,
Miragall et al. (2018) found that women with high body
dissatisfaction could benefit more from mirror exposure

when they adopted an expansive, rather than a con-
tracted bodily posture. Another study by Allen, Gervais,
and Smith (2013) also showed that the adoption of
expansive (vs. constrictive) postures was associated with
less restrained eating among women with high body
shape concerns.

The adoption of powerful bodily postures, also named
power posing (Carney, Cuddy, & Yap, 2010), is an inter-
vention that may be particularly helpful for individuals
with AN for several reasons.

Firstly, there is evidence supporting that women with
AN tend to feel powerless and of low social rank (e.g.,
they often experience power struggles with family
members, parents and therapists, have a high fear of
losing control or perceive that they have little influence
over others, their body or their eating disorder) (Kam &
Lee, 1998; Mullen, Dowling, Doyle, & O'Reilly, 2020;
Offord, Turner, & Cooper, 2006; Schwitzer, Rodriguez,
Thomas, & Salimi, 2001; Troop, Allan, Treasure, &
Katzman, 2003; Wolff & Serpell, 1998; Woolrich, Cooper,
& Turner, 2008). In this regard, power posing could help,
as it has been shown to increase subjective feelings of
power (Gronau et al., 2017), which, in turn, have been
associated with increases in self‐esteem (Körner,
Petersen, & Schütz, 2019).

Secondly, the bodily posture of individuals with
anorexia nervosa tends to be stooped (Bruch, 1979;
Kolnes, 2012; Probst et al., 2013). This can be disadvan-
tageous as stooped bodily postures have been associated
with depressed mood (Shafir, Tsachor, & Welch, 2015;
Wilkes, Kydd, Sagar, & Broadbent, 2017). Assuming a
reciprocal flow of information between bodily states and
emotions (Niedenthal, 2007), chronically adopting a
slumped bodily posture could foster sensory feedback
loops that promote the maintenance of negative affect
(Michalak et al., 2009; Shafir et al., 2015). Through the
practise of power posing individuals with AN could
potentially benefit from changes in affective states via
bottom‐up processing (Park, Dunn, & Barnard, 2011),

Highlights

� Feelings of powerlessness are prominent in AN
but few concrete interventions exist that
directly address this concern.

� Power posing has the potential to increase
interoceptive accuracy, subjective feelings of
power and pleasant affect in the short‐term.

� Women with AN display lower levels of inter-
oceptive sensibility than women without AN.
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such as improvements in positive affect (Shafir et al.,
2015; Wilkes et al., 2017) or reductions in stress‐related
arousal (Peña & Chen, 2017; Schmid & Schmid
Mast, 2013).

Finally, the activation of power has been associated
with improvements in interoceptive ability (Kunstman
et al., 2016; Moeini‐Jazani, Knoeferle, de Moliere, Gatti,
& Warlop, 2017; Weineck, Messner, Hauke, & Pollatos,
2019). Interoception refers to the perception and pro-
cessing of internal bodily signals (Craig, 2002) and has
been associated with the down‐regulation of negative
affect (Füstös, Gramann, Herbert, & Pollatos, 2012;
Kever, Pollatos, Vermeulen, & Grynberg, 2015). For
example, a study by Kever et al. (2015) showed that in-
dividuals with higher interoceptive accuracy made more
use of reappraisal and suppression strategies, when
regulating their emotions, compared to individuals with
lower interoceptive accuracy. Also, higher interoceptive
accuracy has been associated with lower levels of distress,
lower behavioural affiliation tendencies following social
exclusion, as well as more self‐reported emotion‐regula-
tion strategies (Pollatos, Matthias, & Keller, 2015). In
regards to eating disorders it is also important to note
that positive changes in emotion regulation and intero-
ceptive skills during treatment have been found to
significantly predict less risk of eating disorder at
discharge (Preyde, Watson, Remers, & Stuart, 2016). In
general, a distinction is made between interoceptive ac-
curacy (IAcc), which reflects performance on behav-
ioural tests of interoception, and interoceptive sensibility
(IS), which refers to an individuals' subjective belief
about their interoceptive ability (Garfinkel, Seth, Barrett,
Suzuki, & Critchley, 2015). A recent systematic review by
Martin, Dourish, Rotshtein, Spetter, and Higgs (2019)
highlighted that interceptive deficits are prominent in
patients with AN. Also, when present, these deficits do
not seem to improve with CBT alone (Fischer et al.,
2016). This highlights the need to design interventions
that promote interceptive processing in AN patients with
low interoceptive ability.

One pathway in which power posing could increase
IA in individuals with AN is through an increase in self‐
focus (Ainley, Tajadura‐Jimenez, Fotopoulou, & Tsakiris,
2012; Moeini‐Jazani, Knoeferle, de Moliere, et al., 2017).
From an evolutionary perspective, individuals who are
powerless are more likely to direct their attention
outward to detect potential threat or to gain access to
resources (Keltner, Gruenfeld, & Anderson, 2003).
Consequently, they have less capacity to turn their
attention inward (Fiske & Dépret, 1996). On the other
hand, individuals who are powerful are less dependent
upon others for personal resources, are less likely to
experience threat and, therefore, have more capacity to

shift their attention inward, toward themselves (Guinote,
2007). If an individual is more focussed on him or herself,
the idea is that he or she is also more likely to notice
bodily signals (Guinote, 2010). In line with this assump-
tion, a study by Kunstman et al. (2016) found that power
priming through words or powerful memory recall
increased IAcc in those with high levels of body dys-
morphic symptomatology. Furthermore, Moeini‐Jazani,
Knoeferle, de Molière, Gatti, and Warlop (2017) showed
that IAcc could also be increased through the induction
of social power via a powerful role play. In this context, it
is noteworthy that Ainley et al. (2012) found the IAcc of
healthy individuals to increase via self‐observation in the
mirror. However, Pollatos et al. (2016) highlighted, that
this effect does not occur in women with AN, probably
because the confrontation with the body in the mirror
elicits body‐related avoidance which, in turn, decreases
IAcc. Therefore, the induction of power via a powerful
posture may be particularly helpful for women with AN
as it does not involve a direct confrontation with the body
in front of a mirror or memory retrieval of powerful
events, that the person may have never experienced.

Another pathway in which power posing could
benefit women with AN is by supporting multisensory
integration and helping to update the individuals' body
memory through concrete body‐focussed exercises
(Artoni et al., 2020). The allocentric lock hypothesis
(ALH) assumes that body experience is based on an
egocentric as well as an allocentric frame (Riva, 2012;
Riva & Gaudio, 2012). The egocentric frame reflects the
present state of the body (first‐person perspective) which
is constantly updated via real‐time input from different
sensations and perceptions (Riva, 2012). The allocentric
frame refers to the individuals' long‐term body memory
(third person perspective) which includes knowledge,
attitudes and stored representations of the body (Riva,
2012). In healthy individuals these two frames influence
each other (e.g. real life sensory signals update allocentric
body representations) (Artoni et al., 2020; Volcic &
Kappers, 2008). However, in AN patients this process
appears to be impaired, leaving the individuals ‘locked in’
their allocentric frame (Riva & Gaudio, 2018; Serino
et al., 2015). As a consequence, they are unable to iden-
tify and respond to interoceptive signals that predict
pleasant or unpleasant consequences and are therefore
restricted in their emotion regulation capacity (Riva &
Dakanalis, 2018). Recent research by Artoni et al. (2020)
has highlighted that implementing a body perception
training (BPT) that focuses on interoceptive, proprio-
ceptive (e.g., self‐movement and body position in space),
and tactile perception into therapy leads to better therapy
outcomes (e.g., reduced body image disturbance) than
TAU. Based on this finding, exercising the power poses
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may produce an attentional shift from an allocentric
memory of oneself to an embodied, egocentric power
pose. This, may improve the processing of interoceptive
signals and at the same time update the body memory
with more positive content. In this context, Eich, Nelson,
Leghari, and Handy (2009) also showed that the activa-
tion of an allocentric memory (third person perspective)
produces a significant reduction in one's cortical repre-
sentations of the physical, embodied self. Thus, imple-
menting body‐focused exercises may have the opposite
effect by promoting the egocentric, first person perspec-
tive of the self.

Looking at the current evidence‐base of power posing
in general, there have been mixed results regarding its
effectiveness. Supporting evidence seems to depend on
the chosen outcome variables. For example, a recent
p‐curve analysis, including 55 studies, by Cuddy, Schultz,
and Fosse (2018) found no support for so called non‐
EASE variables (including, e.g., hormones, pain
threshold, or performance in a job interview). However,
the authors found supporting evidence for EASE vari-
ables (including emotions, affect, and self‐evaluations).
In light of this observation, assessing the effects of power
posing on the perception of bodily signals in AN appears
to be promising, as this ability represents an important
prerequisite for emotion processing (Füstös et al., 2012).

Although there is now a growing body of research
that investigated the effects of power posing in normal‐
weight individuals (Cuddy et al., 2018), no previous study
assessed possible benefits in eating disorders populations.
Therefore, the central aim of this study is to investigate
the effects of power posing on interoception and affective
states in women with AN as well as non‐AN controls. We
hypothesised that a single power posing session would
significantly increase interoceptive accuracy, interocep-
tive sensibility, feelings of power, and feelings of pleas-
antness as well as reduce individuals' feelings of arousal
in both groups. Also, we examined the effects of 1 week of
daily power posing training and expected that regular
power posing practice would increase interoceptive
accuracy and interoceptive sensibility in both groups.

2 | METHODS

2.1 | Participants

Women without AN were recruited at the campuses of
Ulm University and Ludwig Maximilian University in
Munich via flyers. Exclusion criteria were a present
psychiatric disorder or physical disease according to
ICD‐10, age under 18, and specific experience with power
posing. To assess the individuals' experience with power

posing, the participants were asked whether or not they
had previously practised or heard of power posing before
after the study was completed. They were also asked to
state what they thought the study was about. This
approach was taken to ensure that no previous knowl-
edge about the concept of power posing and its potential
benefits could have confounded the results through
cognitive priming.

Women with AN were recruited in two outpatients
clinics for eating disorders in Munich, Germany (ANAD
e.V. and the Treatment Centre for Eating Disorders
(TCE) at Dritter Orden Hospital) as well as the inpatient
ward of Schoen Clinic Roseneck in Rosenheim, Germany.
The consecutive sampling method was applied. Inclusion
criteria were age over 18 (no upper age limit), meeting
the DSM‐5 criteria of AN or atypical AN, as assessed by
semistructured interview by a clinical psychologist, and
the physical ability to adopt the power poses. Exclusion
criteria were previous knowledge about power posing. In
return for their participation, individuals received either
course credit or monetary compensation. During the
experimental phase all patients also received standard-
ized CBT treatment for AN.

The final sample of the study consisted of 101 in-
dividuals, including 50 patients with AN and 51 non‐AN
controls. All of the participants were female and age did
not differ between groups (t(76) ¼ 1.594; p ¼ 0.115). The
mean BMI was 15.51 (95% CI: 14.9–16.1) in the AN group
and 20.21 (95% CI: 20.2–21.4) in the non‐AN group. Of the
AN patients, 80% (n ¼ 40) were diagnosed with restrictive
AN, 16 % (n¼ 8) were diagnosed with purging AN and 4%
(n ¼ 2) were diagnosed with atypical AN. About 19% (n ¼
18) of the AN sample had psychiatric comorbidities. About
6% (n ¼ 6) displayed an anxiety disorder, 7% (n ¼ 7) dis-
played an affective disorder, 7% (n ¼ 7) displayed an
obsessive compulsive disorder, 3% (n ¼ 3) displayed an
adjustment disorder, 1% (n ¼ 1) displayed posttraumatic
stress disorder, and 1% (n ¼ 1) displayed an enduring
personality change. In the AN sample, 38% (n ¼ 19) of the
participants were prescribed medication. About 42% (n ¼
8) of them took neuroleptic medication and 78% (n ¼ 15)
took antidepressant medication (SSRI, SNRI, or NDRI).
Patients continued to take their medication during the
experimental phase. For a full list of the demographic in-
formation please refer to Table 1.

2.2 | Procedure

The study was conducted in accordance with the Decla-
ration of Helsinki, and ethical approval was obtained
from the Institutional Review Board (IRB) of Ulm
University. Prior to testing, informed consent was
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collected from all participants according to IRB re-
quirements. Data collection of the non‐AN sample took
place at the laboratories of the Clinical and Health Psy-
chology Department of Ulm University, as well as in
Munich. Data collection of the AN sample took place in
the quiet therapy rooms of the outpatient clinics ANAD
e.V., and TCE in Munich, as well as Schoen Clinic
Roseneck in Rosenheim. Participants were informed that
the study aimed to investigate the effects of bodily pos-
tures on different aspects of health. This cover story was
used to avoid potential power priming and response bias.

The design and procedure of the study were closely
related to a previous pilot study by Weineck et al. (2019).
Firstly, the heartbeat tracking task (HBTT) (Schandry,
1981), a question on individuals' confidence on the task,
as well as a fixed‐format questionnaire assessing affective
states, were administered at baseline (T0). Then, the po-
wer poses were presented in person by the experimenter
and individuals were asked to adopt the poses themselves.
After a short training session, an audiotape was played
that guided the participants through the movements. In-
dividuals' interoceptive and affective scores were assessed
again after this session (T1). Then, all participants were
randomly assigned to two groups via blocked randomi-
zation. Individuals in Group A practiced power posing
twice daily for 1 week, whilst those in Group B were asked
to pause the training for 1 week. After 1 week, these
conditions alternated for all participants. This cross‐over
design was chosen to avoid order effects. When asked to
train the power poses, participants had to adopt the pos-
tures once in the morning and once in the evening. To
increase compliance with the training routine partici-
pants were given diary charts. Participants' interoceptive
ability was tested again after the week of training.

After the study was completed, participants were
debriefed about the purpose of the study and were invited
to take part in a focus and discussion group, to ask ques-
tions and share their personal experiences with the power
poses (McShane, Davey, Rouse, Usher, & Sullivan, 2015).

2.3 | Measurements of affective states

To measure changes in affective states, the Self‐
Assessment Manikin (SAM) by Bradley and Lang (1994)
was used. It is a pictorial assessment technique that
measures a persons' affective reaction based on three
dimensions: dominance, pleasantness and arousal. The
assessment includes a range of figures for each dimension
and participants are asked to place a cross on the figure
that represents their current emotional state. In this study,
a 5‐point rating scale was used for each dimension. As an
example, the pleasantness figure ranged from a smiling,
happy figure to a frowning, unhappy figure. Reverse‐
scored scales were recoded before the data analysis.

2.4 | Measurements of interoceptive
ability

2.4.1 | Interoceptive accuracy

IAcc reflects performance on behavioural tests of inter-
oception (Garfinkel et al., 2015). To assess individuals'
IAcc, the heartbeat tracking task by Schandry (1981) was
used. It is one of the most widely used measures of
interoception (Tabor, Vollaard, Keogh, & Eccleston, 2019;
Young, Gaylor, de Kerckhove, Watkins, & Benton, 2019),
is easy to administer and has good test‐retest reliability
(Bornemann, 2017; Pollatos, Traut‐Mattausch, Schroeder,
& Schandry, 2007). It further correlates with other mea-
sures of heartbeat detection (Knapp‐Kline & Kline, 2005;
Knoll & Hodapp, 1992) and neural markers of inter-
oception, such a heart‐beat evoked potential (Mai, Wong,
Georgiou, & Pollatos, 2018). The task included four
heartbeat‐counting intervals (35, 45, 25, and 60 s), which
were presented in a fixed order. Participants were
instructed to silently count their own heartbeats during
these trials. In a 45 s break between each interval, par-
ticipants were asked to report the number of counted

TABLE 1 Sample characteristics

AN Controls

Variable M SD M SD t(df) p

Age (years) 23.88 6.33 22.25 3.49 t(76) ¼ 1.594 p ¼ 0.115

Body mass index (kg/m2) 15.51 2.13 20.83 2.21 t(99) ¼ 12.294 p < 0.001

Duration of illness (years) 7.78 6.75 – – – –

Hospital admission due to ED 3.62 3.17 – – – –

Current length of hospital stay (weeks) 9.11 11.18 – – – –

Eating Disorder Inventory‐2 (total) 319.14 59.07 – – – –

Abbreviations: AN, anorexia nervosa; ED, eating disorder; M, mean; SD, standard deviation.
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heartbeats. The experimenter gave a verbal cue at the
beginning and the ending of each interval. Before the task
began, participants were instructed not to take their pulse
or to use any other form of manipulation to support the
counting of their heartbeats. Also, no prior information
regarding the length of the counting phase was given, and
participants received no feedback on their performance.
Heartbeat signal was recorded with the mobile heart
frequency monitor RS800CX (Polar Electro Oy, Kempele,
Finland). This monitor offers a noninvasive method to
record the interbeat‐interval and can compete with other
electrocardiography measures regarding its validity and
reliability (Kingsley, Lewis, & Marson, 2005; Williams
et al., 2017). IAcc was calculated as the mean heartbeat
perception score according to the following
transformation:

1
4

Σ
�

1 �
ð | Recorded heartbeats � counted heartbeats | Þ

Recorded heartbeats

�

IAcc scores could range from 0 to 1. Higher scores
indicate smaller differences between counted and recor-
ded heartbeats and thus a better interoceptive accuracy.

2.4.2 | Interoceptive sensibility

IS is another dimension of interoceptive ability and re-
flects the individuals' self‐confidence relative to his or her
objective performance on the HBTT (Garfinkel et al.,
2015). Thus, it expresses individuals' subjective beliefs
about their interoceptive ability. To assess IS, participants
were asked to rate the confidence in their heartbeat
perception performance on a scale ranging from one to
ten (1 ¼ not confident at all; 10 ¼ fully confident), after
each interval of the HBTT.

2.5 | Embodiment interventions—
Powerful postures

The three different powerful postures were selected from
studies on bodily displays of power (Arnette & Ii, 2012;
Carney et al., 2010; Hall, Coats, & LeBeau, 2005) and
were the same ones as those used in our previous pilot
study (Weineck et al., 2019). Each posture contained
several elements associated with power such as expansive
positions of the arms and legs, the chin and gaze that
were tilting upward, and the adoption of an open bodily
position (Carney, Hall, & LeBeau, 2005) (Figure 1). The
power poses were adopted in a fixed order and each one
was held for 45 s. This duration was chosen, as previous

studies highlighted beneficial effects after 60–120 s of
power posing (Carney, Cuddy, & Yap, 2015). Participants
were guided through each posture by a 6‐min‐long
audiotape (female voice). Whilst practicing the poses,
participants were asked to look at a cross on the wall,
placed one hand length above their height, at a 1.5‐m
distance. This instruction was given to ensure that they
raised their chin correctly whilst practicing the poses.
Participants were also asked to continually shift their
attention between three anchor points (feet; sternum; and
chin) to ensure that they did not automatically fall back
into their initial or a slumped posture.

2.6 | Data analysis

All data were analysed using IBM SPSS Statistics 25
software (SPSS, Chicago, Illinois). Mixed analyses of
variance were calculated to investigate the effects of po-
wer posing on interoceptive ability and affective states
over time (2 levels: either baseline vs. after a single
training session, or 2 levels: baseline, after 1 week of
training) and on group (2 levels: AN vs. non‐AN).
Mauchly's test of sphericity was performed for each
analysis and the results were adjusted accordingly if the
test was significant. The p‐value significance level cut‐off
was adjusted for multiple comparisons using the Bon-
ferroni correction method. Missing data varied slightly
between measures, and the numbers of cases are reported
for each analysis.

3 | RESULTS

3.1 | Effects of a single session of power
posing on interoceptive ability

The main effect of time on IAcc after a single power
posing session was significant, F(1,97) ¼ 7.51, p ¼ 0.007,
part.η2 ¼ 0.072, indicating that the power poses had an
effect in both groups after one session (Table 2).

F I GURE 1 Display of powerful and neutral postures in the
order of their application
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No significant main effect of group (F(1,97) ¼ 0.57;
p ¼ 0.453), and no interaction effect between time and
group were found, F(1,97) ¼ 2.12, p ¼ 0.148.

Regarding IS, measured by confidence rating, no sig-
nificant main effect of time, F(1,98) ¼ 1.35; p ¼ 0.248 was
found. However, there was a significant main effect of
group (F(1,98) ¼ 7.68; p ¼ 0.007, part.η2 ¼ 0.073, with the
AN‐group displaying lower levels of IS than the non‐AN
controls (Table 2). No significant interaction effect be-
tween time and group, F(1,98) ¼ 1.00; p ¼ 0.321 was
found.

3.2 | Effects of a single session of power
posing on affective states

There was a significant main effect of time on feelings of
pleasantness, F(1,94) ¼ 7.49, p ¼ 0.007, part.η2 ¼ 0.074,
indicating an increase in feelings of pleasantness from
baseline to after one session across both groups
(Table 2). Also, there was a significant main effect of
group (F(1,94) ¼ 30.95; p ¼ 0.000, part.η2 ¼ 0.248) with
the AN group showing lower feelings of pleasantness
scores across both measurements than the control group

(Table 2). No significant interaction effect between time
and group was found, F(1,94) ¼ 4.41, p ¼ 0.038.
Regarding arousal, results showed no significant main
effect of time on arousal, F(1,94) ¼ 1.29, p ¼ 0.259.
However there was a significant main effect of group
(F(1,94) ¼ 12.18; p ¼ 0.001, part.η2 ¼ 0.115), with the
AN group showing higher levels of arousal across both
measurements, compared with the non‐AN group
(Table 2). No significant interaction effect between time
and group was found, F(1,94) ¼ 0.75, p ¼ 0.390.
Regarding feelings of dominance, results showed a
significant main effect of time on feelings of domi-
nance, F(1,94) ¼ 7.43, p ¼ 0.008, part.η2 ¼ 0.073. As
can be seen from Table 2, there was an increase in
feelings of dominance from baseline (M ¼ 1.85;
SD ¼ 0.82) to T1 (M ¼ 2.02; SD ¼ 0.83) in the AN
group, as well as in the non‐AN group (T0: M ¼ 2.66;
SD ¼ 0.72; T1: M ¼ 2.84; SD ¼ 0.84). Also, there was a
significant main effect of group (F(1,94) ¼ 29.39;
p ¼ 0.000, part.η2 ¼ 0.238) with the AN group showing
lower dominance scores across measurement points
compared with the non‐AN group (Table 2). No sig-
nificant interaction effect between time and group was
found, F(1,94) ¼ 0.00, p ¼ 0.963.

TABLE 2 Means and standard deviations of interoceptive and affective measures

Measurement points

Baselinea After one session Baselineb After 1 week of training
Variable Group M (SD) [n] M (SD) [n] M (SD) [n] M (SD) [n]

Interoceptive accuracy Anorexia nervosa 0.59 (0.21) [49] 0.61 (0.22) [49] 0.61 (0.19) [44] 0.63 (0.19) [44]

Controls 0.61 (0.19) [50] 0.65 (0.17) [50] 0.60 (0.18) [51] 0.64 (0.17) [51]

Total 0.60 (0.20) [99] 0.63 (0.20) [99] 0.61 (0.19) [95] 0.63 (0.19) [95]

Interoceptive sensibility Anorexia nervosa 3.70 (1.95) [49] 3.51 (2.05) [49] 3.79 (1.98) [44] 3.68 (2.19) [44]

Controls 4.64 (1.78) [51] 4.63 (1.88) [51] 4.64 (1.78) [51] 4.81 (2.02) [51]

Total 4.18 (1.91) [100] 4.08 (2.04) [100] 4.25 (1.91) [95] 4.29 (2.17) [95]

Pleasantness Anorexia nervosa 2.96 (1.07) [46] 3.26 (1.02) [46]

Controls 4.00 (0.64) [50] 4.04 (0.64) [50]

Total 3.50 (1.02) [96] 3.67 (0.93) [96]

Arousal Anorexia nervosa 2.89 (1.14) [46] 2.87 (1.09) [46]

Controls 2.30 (0.93) [50] 2.14 (0.86) [50]

Total 2.58 (1.07) [96] 2.49 (1.04) [96]

Dominance Anorexia nervosa 1.85 (0.82) [46] 2.02 (0.83) [46]

Controls 2.66 (0.72) [50] 2.84 (0.84) [50]

Total 2.27 (0.86) [96] 2.45 (0.93) [96]
aBaseline for test ‘Baseline to after one session’.
bBaseline for test ‘Baseline to after 1 week of training’.
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3.3 | Effects of 1 week of power posing
on interoceptive ability

The main effect of time on IAcc was not significant, F
(1,93) ¼ 2.03, p ¼ 0.157. Also, no significant main effect
of group (F(1,93) ¼ 0.00; p ¼ 0.993), and no significant
interaction effect between time and group were found, F
(1,93) ¼ 0.20, p ¼ 0.653 (Table 3).

4 | DISCUSSION

The central aim of the study was to investigate whether
power posing could benefit women with and without
AN in regards to interoception and affective states.
Firstly, we measured the impact of a single power
posing session on interoceptive ability, dominance,
pleasantness, and arousal. Then, we investigated the
effects of 1 week of daily power posing training on in-
dividuals' interoceptive ability. The key finding was that
there was a significant main effect of time on intero-
ceptive accuracy, thus, interoceptive accuracy improved
in the short‐term, in both groups. We also found a
significant effect of power posing on individuals' feelings
of dominance and pleasantness after a single training
session. No effects on the other dimensions of inter-
oception were shown. Women with AN displayed
significantly lower interoceptive sensitivity, pleasantness
and dominance, as well as higher arousal than women
without AN.

The finding that interoceptive accuracy improved in
both groups is in keeping with previous studies high-
lighting that the induction of power appears to foster bodily
awareness (Guinote, 2010). One possible mechanism
behind this effect could be that power increases self‐focus,
which, in turn, promotes sensitivity to bodily information
(Moeini‐Jazani, Knoeferle, de Molière, et al., 2017;
Weineck et al., 2019). Furthermore, adopting particular
postures and maintaining a focus on them seems to
enhance multisensory integration (Artoni et al., 2020;
Christensen, Gaigg, & Calvo‐Merino, 2018). Multisensory
integration, in turn, plays a crucial role in body represen-
tation and updating body memory (allocentric, offline)
through real‐time input from different sensations and
perceptions (Riva & Dakanalis, 2018; Schirmer‐Mokwa
et al., 2015).

However, looking at the descriptive data of the
current study, it seems that the effect of improved IAcc
is primarily carried by the women without AN, as the
women with AN displayed a less pronounced increase
in IAcc over time. One possibility could be that the
feelings that arose through the intervention interfered
with the self‐focus of the individuals, which in turn,

influenced their interoceptive ability. For example, our
data suggest that the adoption of the powerful postures,
induced feelings of dominance in the participants.
However, women with AN generally assign themselves
a low social rank tend to feel powerless (Troop, Allan,
Serpell, & Treasure, 2008; Troop et al., 2003). Therefore,
it is possible that suddenly feeling powerful through
bottom‐up processing may not have matched the in-
dividuals' overall self‐perception of being powerful. If
there is a mismatch between felt power and perceived
power, theoretical models suggest that this discrepancy
may lead to feelings of shame (Dempsey, 2017; Troop &
Redshaw, 2012). The secondary emotion of shame may
have led to an attentional shift toward the outside (Goss
& Allan, 2009). This, in turn, may have reduced the
participants' sensitivity to their bodily information
(Ainley, Maister, Brokfeld, Farmer, & Tsakiris, 2013;
Keltner et al., 2003).

Furthermore, the women's self‐focus may have been
influenced by consequences of social signalling.
Broadly speaking, social signalling refers to the exchange
of information through bodily cues or actions in a social
context (Davies, Schmidt, Stahl, & Tchanturia, 2011;
Frith & Frith, 2007). When the power poses are adopted,
they are likely to elicit social evaluations in observers
(Rennung, Blum, & Goritz, 2016). Women with AN are
probably not used to posing powerfully, as they usually
tend to display stooped postures with poor postural sta-
bility and restricted breathing patterns (Kolnes, 2012).
The expansiveness of their body might have trigger cog-
nitions relating to ‘being seen’, by taking up more space
and conveying a high social rank though posture (Arnette
& Ii, 2012). It is likely that, at this moment, the womens'
attention shifted outward to scan how their environment
might perceive their bodily posture of status and domi-
nance. This may have also led a reduced probability to
notice their bodily signals. From the discussion groups
after the study, we gathered from the patients that they
felt more and more comfortable with the postures after
continuous training. If secondary feelings of shame arose
during the practice, these tended to subside with repeated
exposure to the postures. Therefore, we assume that in-
dividuals with AN may benefit from longer periods of
practicing the powerful postures (e.g., 2 months, as seen
in other body‐centred intervention studies [Fischer,
Messner, & Pollatos, 2017]).

It is further important to note that we did not find a
significant effect of time after 1 week of training. One
reason therefore could be that posing powerfully has an
immediate, temporary effect that decreases when the
expansive posture is no longer adopted. In other words,
power posing appears to enhance mechanisms of
self‐focus (Guinote, 2010; Moeini‐Jazani, Knoeferle,
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de Molière, et al., 2017), that are not activated when the
person is adopting his or her usual bodily posture. This
explanation is in keeping with evidence on dynamically
changing bodily states as a consequence of physical and
context‐dependent alterations (Critchley, Mathias, &
Dolan, 2001; Maister, Hodossy, & Tsakiris, 2017).
Furthermore, the representation and experience of cur-
rent and dynamically changing bodily states is influenced
by different somatosensory signals (e.g., from exterocep-
tive, proprioceptive, interoceptive, and vestibular modal-
ities), as well as predictions based on stored information
about the body (Blanke, Slater, & Serino, 2015; Riva,
2016; Seth, Suzuki, & Critchley, 2012). Long‐term effects
on interoceptive ability may therefore require the inte-
gration of inputs arising from within the body with
metacognitive perceptions of the body (Malighetti,
Gaudio, Matamala‐Gomez, & Riva, 2020) and a reflection
of the experience in a social context (in other words a
modification of multiple layers of body memory) (Riva,
2018). In this regard, Artoni et al. (2020) highlighted
the benefits of a body perception training that
combined various therapeutic techniques, including
psychoeducation, relaxation, self‐perception, body‐
oriented exercises, and a reflection of the experience

through drawings, written narration, and dialogues with
others. Thus, in future studies and a therapeutic context,
it could be beneficial to include additional components in
the power posing intervention that combine the adoption
of the postures with a meta‐reflection on the experience.
Also, it would be valuable to investigate whether a
training effect could be observed after longer periods of
practice.

The observation that IS does not improve with
power posing is in line with previous studies reporting
no short‐term effect of body‐centred interventions on
this interoceptive dimension (Fischer et al., 2017; Parkin
et al., 2014; Weineck et al., 2019). It could be that
confidence in ones' performance is a trait‐like construct
that is unlikely to change over a short period of time
(Blais, Thompson, & Baranski, 2005; Pallier et al., 2002).
However, from a theoretical point of view, IS should be
influenced by power posing, as the induction of power
seems to foster confidence in one's performance (Briñol,
Petty, & Wagner, 2009; Fast, Sivanathan, Mayer, &
Galinsky, 2012). Thus, here as well, prolonged periods
of practice may be necessary to achieve such a change.
In this context, Fischer et al. (2017) found no significant
increase in IS after 4 weeks of body scan practice, they

TABLE 3 Results of interoceptive and affective measures

Test statistics

Baseline to after 1
session

Baseline to after 1 week of
training

F (df) p Part.η2 F (df) p Part.η2

Interoceptive accuracy Time 7.51 (1) 0.007* 0.072 2.03 (1) 0.157 0.021

Group 0.57 (1) 0.453 0.006 0.00 (1) 0.993 0.000

Time � group 2.12 (1) 0.148 0.021 0.20 (1) 0.653 0.002

Interoceptive sensibility Time 1.35 (1) 0.248 0.014 0.07 (1) 0.796 0.001

Group 7.68 (1) 0.007* 0.073 6.43 (1) 0.013 0.065

Time � group 1.00 (1) 0.321 0.010 1.30 (1) 0.258 0.014

Pleasantness Time 7.49 (1) 0.007* 0.074 ‐ ‐ ‐

Group 30.95 (1) 0.000* 0.248 ‐ ‐ ‐

Time � group 4.41 (1) 0.038 0.045 ‐ ‐ ‐

Arousal Time 1.29 (1) 0.259 0.014 ‐ ‐ ‐

Group 12.18 (1) 0.001* 0.115 ‐ ‐ ‐

Time � group 0.75 (1) 0.390 0.008 ‐ ‐ ‐

Dominance Time 7.43 (1) 0.008* 0.073 ‐ ‐ ‐

Group 29.39 (1) 0.000* 0.238 ‐ ‐ ‐

Time � group 0.00 (1) 0.963 0.000 ‐ ‐ ‐

Notes: * ¼ significant after adjusting p‐value for multiple testing. Regarding IS, no significant main effect of time, F(1, 93) ¼ 0.07; p ¼ 0.796, no significant
main effect of group (F(1, 93) ¼ 6.43; p ¼ 0.013) and no significant interaction effect between time and group, F(1, 93) ¼ 1.30; p ¼ 0.258 were found.
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did, however, report significant improvements after 8
weeks of training. Similarly, Parkin et al. (2014) found
significant improvements in IS only after 8 weeks of
mindfulness practice. It is further noteworthy, that women
with AN reported significantly lower IS compared with
women without AN. This could reflect low overall self‐
confidence of women with AN (Kastner, Lowe, & Gumz,
2019), leading to mistrust in their performance on the
HBTT. Future research should investigate, how low IS
in AN relates to other aspect of eating disorders pathology
(e.g., the difficulty of discriminating bodily signals relating
to hunger and satiety).

Regarding the results on affective states, the finding
that power posing significantly increased subjective feel-
ings of dominance is consistent with previous power
posing research (Cuddy et al., 2018). A recent meta‐
analysis by Gronau et al. (2017) revealed moderate to
strong evidence for the effect of power posing on felt
power. However, the finding of our study is novel as it
highlights that the effect of increased felt power can also
occur in AN populations. This result is important when it
comes to designing embodiment interventions aiming at
the reduction of powerlessness in women with eating
disorders. In this context, it is noteworthy that theoretical
models of AN often include powerlessness as a key factor
in regards to illness onset and maintenance (Murray,
2003; Schwitzer et al., 2001). For example, Bruch (1979)
describes the AN symptomatology as an attempt to defeat
feelings of powerlessness. Similarly, the cognitive model
of AN by Wolff and Serpell (1998) regards ‘I am power-
less’ as a key dysfunctional assumption of individuals
with AN. Furthermore, qualitative assessments of pa-
tients' account highlight that feelings of powerless are
central to the illness (Schwitzer et al., 2001; Woolrich
et al., 2008). However, therapeutic concepts and manuals
often do not describe concrete strategies that directly
address how reductions in felt powerlessness can be
achieved. This is disadvantageous, as the presence or
absence of felt power appears to be highly relevant
regarding the eating disorder symptomatology. Regarding
food intake, for example, Guinote (2010) found that
hunger predicted the amount of food eaten by powerful
but not by powerless participants. Also, powerful in-
dividuals consumed more appetizing and less non‐appe-
tizing food in comparison to powerless individuals.
Furthermore, in a study including participants with AN
symptoms, Kunstman, Smith, and Maner (2014) found
that experiencing power could increase caloric intake in
those with high self‐oriented perfectionism. Thus, the
induction of power may be a protective factor against
maladaptive eating patterns (Kunstman et al., 2014) and
could be an important intervention to support recovery
from AN (Troop et al., 2003).

Considering the results on feelings of pleasantness,
our study revealed that women with AN displayed lower
feelings of pleasantness than non‐AN controls. This
finding is in line with previous studies highlighting
reduced feelings of pleasantness (Crucianelli, Cardi,
Treasure, Jenkinson, & Fotopoulou, 2016; Tchanturia
et al., 2012) as well as the presence of negative affect
(Pila, Murray, Le Grange, Sawyer, & Hughes, 2019) in
individuals with AN. We further found that power posing
could increase self‐reported feelings of pleasantness in
both groups in the short term. This finding is important
in regards to recent research proposals highlighting the
need to develop interventions which increase positive
affect in individuals with AN (Coniglio, Christensen,
Haynos, Rienecke, & Selby, 2019). Building a bridge from
this research finding to clinical practice, this could indi-
cate that adopting a bodily posture that fosters positive
emotions could benefit individuals' affective states before,
during or after a therapy session.

Regarding arousal, our data is in keeping with evi-
dence showing that individuals with anorexia nervosa
report significantly higher levels of arousal than non‐AN
controls (Tuschen‐Caffier et al., 2015). These levels of
arousal were, however, not influenced by one power
posing session. On the one hand, this finding is unex-
pected, as power should reduce individuals' arousal
through reductions in heart and respiratory rate or skin
conductance responses (Hackford, Mackey, & Broad-
bent, 2018; Schmid & Schmid Mast, 2013). However, it
is important to point out that our measure of arousal
was based on self‐report and changes on the physio-
logical level of arousal may not have been reflected in
the questionnaire. In this context, a study by Zonne-
vylle‐Bender (2005) reported a discordance between self‐
reported emotional and neurophysiological arousal in
patients with AN (i.e., the self‐reported emotional
arousal in women with AN did not correspond with
changes in their heart rate). Thus, we do not know
whether and how power posing affected individuals'
physiological arousal. Furthermore, evidence from some
studies also suggests that powerful postures might in-
crease physiological arousal (Laborde, Strack, & Mosley,
2019; Nair, Sagar, Sollers, Consedine, & Broadbent,
2015; Smith & Bargh, 2008). One reason, therefore,
could be that power activates the behavioural approach
system, thereby inhibiting the parasympathetic system
(Keltner et al., 2003; Laborde et al., 2019; Smith &
Bargh, 2008). Future studies should, therefore, include
objective measures of arousal to gain a better insight
into the effect of power posing on physiological pa-
rameters in patients with AN.

Overall, we would like to highlight that the inter-
vention was very well received. This could be seen by a
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low drop‐out rate (below 3%) and the patients' willing-
ness to take part in the discussion and debriefing group.
It has been suggested that it is highly important to
consider how patients experience therapies and to
maximize treatment acceptability (Hoskins et al., 2019).
Embodiment interventions such as power posing appear
to receive interest from the patients and could potentially
be a good pathway toward dialogue about self‐perception
and body‐perception.

The study has several limitations. Firstly, the sample
was heterogeneous in regards to the individuals' stage of
recovery. Thus, it is unclear during which therapy phase
power posing could be most beneficial. Furthermore,
there was an unequal distribution of AN subtypes.
Therefore, we could not perform a well‐powered group
analysis and do not know whether the intervention
yielded different effects in the subgroups. Furthermore,
our sample consisted of females only and the results are
not generalizable to men. Also, the heartbeat detection
task has been criticised for being susceptible to non‐
interoceptive influences, such as knowing or guessing
ones' heart rate, time estimations, or practice effects
(Desmedt, Luminet, & Corneille, 2018; Ring, Brener,
Knapp, & Mailloux, 2015) and we did not control for
these possible confounding factors. We did, however, try
to minimize them my giving clear, standardized in-
structions, which underlined that participants should not
engage in any other strategy than sensing their heartbeats
when completing the task. In this context, it is also
noteworthy that several recent studies that included a
time estimation task, did not find a positive relationship
between time estimates and IA, and controlling for time
estimates did not change the relationship between IA and
other outcomes (Santangelo et al., 2018; Shah, Hall,
Catmur, & Bird, 2016). It is, therefore, unlikely that time
estimates confounded the results. Nevertheless, the re-
sults of the current study should be interpreted bearing
the possible psychometric limitations of heartbeat
tracking task in mind. In hindsight, it would have also
been valuable to include a questionnaire that especially
focuses on the body representation of the individual such
as the ‘Identity and Eating Disorders (IDEA)’ question-
naire, that evaluates identity and embodiment in eating
disorder patients (Stanghellini, Castellini, Brogna, Far-
avelli, & Ricca, 2012). By including the subscale ‘feeling
extraneous from one's own body’ one could have inves-
tigated whether the power poses led to a more pro-
nounced experience of the body from a first person
perspective (egocentric frame) rather than a third person
perceptive (allocentric frame).

Regarding future directions further, it would be
interesting to investigate the effects of power posing after
longer periods of practice (e.g., 8–10 weeks). Moreover, as

the effects of power posing seem to depend on a social
context (Cesario & McDonald, 2013), one could deliver
the intervention in a group setting and investigate how
this format would affect the results. To gain deeper
insight into the perception and experience of power
posing in women with AN, and to adapt the postures to
their needs, it could also be valuable to conduct struc-
tured qualitative assessments during the training.
Furthermore, our study was restricted to two main
outcome variables. It would be interesting to see how
power posing relates to other aspects of mental health in
women with AN. For example, a recent study by Körner
et al. (2019) found power posing to increase state self‐
esteem. It would be important to assess whether this ef-
fect also occurs in AN populations, who display low levels
of self‐esteem (Kastner et al., 2019).
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