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Abnormal sense of agency in eating 
disorders
Livia Colle 1, Dize Hilviu 1, Monica Boggio 1, Alessandra Toso 2, Paola Longo 2, 
Giovanni Abbate‑Daga 2, Francesca Garbarini 3 & Carlotta Fossataro 3*

The feeling of controlling one’s own actions and, through them, impacting the external environment 
(i.e. Sense of Agency—SoA) can be relevant in the eating disorders (EDs) symptomatology. Yet, it has 
been poorly investigated. This study aims to implicitly assess SoA exploiting the Sensory Attenuation 
paradigm in two groups of EDs patients (Anorexia Nervosa Restrictive and Anorexia Nervosa Binge-
Purging or Bulimia Nervosa) compared to a control group. We find that controls perceive self-
generated stimuli as less intense than other-generated ones showing the classic pattern of sensory 
attenuation. By contrast, EDs patients show the opposite pattern, with self-generated perceived 
as more intense than other-generated stimuli. This result indicates an alteration of the implicit 
component of the feeling of control in EDs patients, thus suggesting a potential implication of these 
results for the clinical practice and the treatment of EDs symptomatology.

In everyday life, we usually know what we are doing and what are the possible sensory consequences on the 
environment. This feeling of controlling one’s own voluntary motor acts and, through them, the course of exter-
nal events is known as the Sense of Agency1, 2. According to the motor control literature, the core of the sense of 
agency is the link between a voluntary action and an outcome. Indeed, according to a seminal model of motor 
control, once motor programs are selected and sent to the periphery, an efference copy is formed and, based on 
this signal, a forward model predicts the sensory consequences of the movement3. Thus, when the actual sensory 
feedback corresponds exactly to the prediction, participants experience a cause-effect relationship between one’s 
own action and the sensory event, leading them to experience themselves as the “source of the action”1. Crucially, 
besides the subjective experience of being in charge over one’s own voluntary movements (“I voluntarily moved 
that body”), we are aware that those movements are being executed through our own body (“I am moving my 
body”)4. Thus, the sense of agency also implies the sense of body ownership.

The sense of agency has been found altered in different pathological conditions characterized by bodily-
self awareness and/or self-control related issues, such as borderline personality disorder5, 6, schizophrenia7–11, 
obesity12 and obsessive compulsive disorder13. An important alteration of the bodily-self representation char-
acterizes the symptomatology of Eating Disorders (EDs), whose development and maintenance have also been 
linked to the dimension of self-control14, 15. However, despite its clinical relevance, the dimension of self-control 
has remained poorly investigated, and evidence from clinical studies is limited and inconsistent14. Hence, in the 
present study, we tackled this issue by exploiting the sensory attenuation paradigm as an implicit measure of 
the sense of agency.

Eating disorders (EDs) are mental disorders characterized by altered eating behaviours, such as abnormal 
consumption or a severe and persistent restriction of food intake, that can significantly compromise the individu-
als’ physical and mental health and their social and professional activity16. Two severe conditions are Anorexia 
Nervosa (AN) and Bulimia Nervosa (BN). AN is characterized by a persistent restriction of calories intake with 
consequent weight loss, and it may occur in two different forms, namely Restricting Type or Binge-Purging 
Type. BN refers to recurrent episodes of binge eating followed by inappropriate compensatory behaviours17. The 
main clinical characteristics associated with EDs are negative body image, lack of self-confidence, impulsivity, 
perfectionism, fear of failure (performance anxiety), and self-criticism18,19. Besides the above-mentioned clini-
cal features, self-control issues have been proposed to be at the root of EDs aetiology and maintenance14,15. In 
this vein, the EDs symptomatology can be understood as an attempt to compensate for an underlying sense of 
ineffectiveness and lack of control experienced in the rest of their life (e.g. working, relationship, parenting) that 
leads EDs individuals to feel intense adverse mood states, such as anger, anxiety or depression. In this regard, 
disordered eating and an unhealthy diet constitute a compensatory strategy to regain control, avoid negative affect 
associated with general life dissatisfaction and interpersonal problems, and face the negative emotional states 
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they cannot appropriately cope with. Control over eating, body shape and weight become the primary aim, being 
perceived as the only successful behaviour within a context of general failures in all the other areas of function-
ing. Hence, their unhealthy eating behaviour is the means for achieving a feeling of being in control and, in turn, 
experiencing a strong sense of self20,21. Furthermore, EDs have a dysfunctional system for evaluating self-worth 
that contributes to maintaining the disorder. Indeed, whereas most people evaluate themselves based on their 
perceived performance in a variety of domains of life (e.g., the quality of their relationships, work, parenting, 
sporting ability, etc.), people with EDs judge themselves primarily, or even exclusively, in terms of their eating 
habits, body shape or weight and their ability to control them. Hence, their lives become centred on controlling 
eating, body-shape and weight to achieve thinness and avoid weight gain. These distinguishing behavioural and 
attitudinal characteristics are commonly shared across EDs. Indeed, longitudinal studies reported frequent cross-
over among the EDs diagnostic categories, suggesting that EDs categories have much in common. They share 
essentially the same core psychopathology with both groups of patients over-evaluating eating, shape and weight 
and their control, and this psychopathology is expressed in similar attitudes and behaviors. However, while AN 
patients have been generally described as more harm-avoidant, neurotic, perfectionistic, and obsessive relative 
to controls, BN patients share many of these characteristics but tend to be more impulsive and disinhibited than 
those with AN22. How the sense of agency and the disturbed body representation are related to these different 
characteristics of patients with AN or BN is still a matter of investigation. A research aim for the treatment of EDs 
is to fully understand all the dysfunctional aspects related to the core psychopathology involved in maintaining 
such pathological conditions.

In recent years a growing number of studies have taken an interest in understanding the disturbed body repre-
sentation in EDs, exploring whether the processing of interoceptive and exteroceptive information contributing 
to the generation of a coherent sense of body ownership may be altered. Both lines of research on interoceptive 
and exteroceptive perception in EDs are still controversial. Interoception refers to the afferent information arising 
from inside the body (including pain, itch, tickle, sensual touch, muscular and visceral sensations, vasomotor 
flush, hunger, thirst etc.) and represents the sense of the physiological state of the entire body23. To date, the 
association between interoceptive accuracy and body image distortion in people with EDs is unclear, from both 
clinical and experimental point of view24–31. For example, Pollatos and co-workers reported a lower interoceptive 
accuracy in AN patients compared to controls at a heartbeat detection task32, demonstrating also a link between 
reduced interoceptive accuracy and the patients’ body disatifaction33. However, other studies did not replicate 
the same results25,34. Exteroception is the afferent information arising from outside the body, such as visual, 
tactile, or auditory inputs normally occurring in the space immediately surrounding the body35,36. Even in the 
case of exteroceptive signals, data on individuals with EDs are very controversial37–40. For example, the Rubber 
Hand Illusion (RHI)41, has been applied to examine the bodily self in individuals acutely affected by EDs. In the 
study by Eshkevari and colleagues, individuals with EDs experienced the RHI significantly more strongly than 
controls, suggesting that the bodily self is more plastic in people with EDs37. Conversely, Carey & Preston42, 
exploiting a different paradigm of RHI which involved movements, reported no significant differences between 
EDs and controls. Therefore, the authors argued that this finding might be caused by the inclusion of voluntary 
movements (i.e., sense of agency).

While greater attention has been paid to the information from inside and outside the body that jointly con-
tributes to constructing the sense of body ownership in EDs, less attention has been given to the sense of agency. 
Only one study sought to implicitly measure sense of action’s control in AN43. In this study, the sense of agency 
was measured through the intentional binding task, which measures the perceived time of an action and its sen-
sory outcome. When participants are under the impression that they cause the tone, a temporal binding occurs, 
and participants estimate closer the time of action and the occurrence of the tone. However, no differences in 
the temporal binding task between individuals with AN and controls have been found. Being the sense of agency 
a complex construct, it could be that using different paradigms to implicitly measure the sense of agency might 
allow exploring and highlighting other aspects of the feeling of control in EDs. The present study aims to exploit 
another well-known paradigm to implicitly assess the sense of agency: the sensory attenuation1,10,44–46. Such a 
paradigm consists in comparing the participants’ intensity perception of tactile stimuli delivered by themselves 
(self-generated condition) with that one of stimuli delivered by other individuals (other-generated condition), 
see Fig. 1. This task gives rise to the so-called sensory attenuation phenomenon in which the intensity of self-
generated stimuli is perceived as significantly attenuated compared to the same stimuli generated by someone’ 
else. This phenomenon occurs because people automatically anticipate the sensory consequences of self-generated 
actions, explaining why people are unable to tickle themselves45,47–51. Within the motor control literature, there is 
a wide agreement that sensorimotor predictions affect the perception of sensory stimuli. Indeed, it is a common 
experience that, when we voluntarily move a part of our body, we can easily predict the sensory consequences of 
one’s own actions. Thus, a perfect match between predicted and actual sensory consequences of one’s own actions 
attenuates the perceived intensity of self-generated stimuli with respect to other-generated stimuli.

Against this background, the present study exploited the sensory attenuation paradigm to explore whether 
and to what extent the sense of agency in individuals with EDs is altered. To this aim, two groups of patients with 
EDs (Anorexia Nervosa Restrictive Type, AN-R and Anorexia Nervosa Binge-Purging Type or Bulimia Nervosa, 
AN-BP/BN) were compared with a group of controls.

It might be plausible that symptoms or stable traits typical of different disorders affect the sense of agency.
Our first hypothesis is that individuals with EDs would report a different trend in the sensory attenuation 

paradigm compared to controls. Due to the distorted bodily self-awareness and the common dysfunctional sys-
tem of self-worth based on the control of eating, body shape and weight, we expect that EDs patients will have 
more difficulties in predicting the sensory consequence of one’s own actions, thus leading to an altered pattern 
of intensity perception of self-generated stimuli relative to controls. More specifically, we may anticipate the 
absence of the classic pattern of sensory attenuation in the EDs either because they do not judge the intensity 
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of self- and other-generated stimuli differently or because they judge the self-generated stimuli as more intense 
than other-generated ones.

As second hypothesis, we expect that such confusion in the sense of agency can be strictly correlated to vari-
ous aspects of symptomatic and stable traits which characterize EDs. We know, for example, that subjective body 
experience may be tightly related to mood disorders or other personality dysfunctions, such as impulsivity52–54. 
An individual who feels unable to initiate any kind of action, suffering from depressive symptoms, is very dif-
ferent from an individual who suffers from a high level of impulsivity. Therefore, subjective experience of the 
sense of agency combined with temperamental and symptomatic aspects may be both important contributors to 
the experiential aspects of the body image disturbance in EDs55. In terms of states that can be related to EDs, we 
measured in the present study depression, anxiety, dissociation, non-suicidal self-injurious behaviours, while in 
terms of traits, we analysed impulsivity, emotion dysregulation, identity representation, and history of traumatic 
experiences. Finally, we have also explored whether the body mass index (BMI) could have a significant role in 
driving the sense of agency in participants with EDs.

Therefore, based on the different traits that characterize AN-R and AN-BP/BN, we can anticipate a differ-
ence in the sensory attenuation pattern between the two groups, with AN-BP/BN patients more likely to fail in 
predicting the sensory consequences of their own actions than AN-R, because of their marked impulsive and 
disinhibited traits.

Results
Sensory attenuation results.  The ANOVA over the stimulation intensity does not show any significant 
differences among groups (F(2,66) = 0.712; p = 0.494). Thus, being the somatosensory perception comparable 
among groups one can rule out that any difference in intensity perception was due to alteration in the elabo-
ration of the somatosensory stimuli. The ANOVA on subjective ratings shows a significant Group by Condi-
tion interaction (F(2,66) = 11.180; p = 0.00007; η2

p = 0.253) suggesting different patterns among the three groups 
(i.e. HC, AN-R and AN-BP/BN). Indeed, the HC group rates the stimulation intensity in the self-generated 
as significantly attenuated compared to the other-generated condition (mean ± sd: self-generated = 4.90 ± 0.75; 
other-generated = 5.13 ± 0.70; p = 0.036). While AN-BP/BN group perceives self-generated stimulations as sig-
nificantly more intense than the other-generated ones (self-generated = 5.39 ± 1.09; other-generated = 5.10 ± 1.24; 
p = 0.002). The AN-R group do not report self-generated stimulations as significantly different compared to the 
other-generated ones (self-generated = 4.95 ± 1.32; other-generated = 4.84 ± 1.24; p = 0.39), (Fig. 2). Neither the 
main effect of group (F(2,66) = 0.61; p = 0.54) nor the main effect of condition (F(1,66) = 1.44; p = 0.23) are significant.

Self‑report questionnaires results.  Results of self-report questionnaires are resumed in Table  1. The 
only questionnaire that has not a significant group effect is the CTQ but it is worth noticing that this test was 
completed by a reduced number of participants.

Correlation results.  Spearman correlations between BMI and self-report questionnaire results considering 
only participants with EDs and attenuation indexes are presented in Table 2. No significant correlations emerged.

Discussion
Characterizing disturbances in the need for control among individuals with EDs is critical to understand the 
pathophysiology of these conditions, as both the relentless pursuit of an unhealthy body weight and the disor-
dered eating behaviours that typify EDs. Previous research has demonstrated that disturbed eating behaviour 
can be correlated, in part, by a desire to alter subjective body experience and not merely body appearance56, 57.

Figure 1.   Experimental setting representation.
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The present study investigated a specific aspect of subjective body experience, which is the sense of agency, 
within EDs individuals and healthy controls. Specifically, for the first time the sensory attenuation paradigm was 
employed as implicit measure of the sense of agency to evaluate it in EDs individuals and address its relationship 
with symptoms and traits of the disorders.

Results revealed that, while HC group showed the classical sensory attenuation pattern, with self-generated 
stimuli perceived as significantly less intense as compared to other-generated ones, EDs individuals displayed 
a reverse pattern. In particular, this result was significantly evident in individuals with AN-BP/BN. Indeed, 
AN-BP/BN individuals perceive self-generated stimulations as significantly more intense than other-generated 
ones. Therefore, individuals with AN-BP/BN did not show sensory attenuation in self-generated stimulations. 
These results, in line with evidence suggesting a broad neural dysregulation to interoceptive stimuli in subjects 
remitted by AN displaying an alter insula response to either pain58 and pleasant touch59 anticipation, highlight 
a dysregulation of exteroceptive signals.

One previous study attempted to measure the sense of agency through the moving RHI paradigm60 which 
leads participants to incorporate movement of the rubber hand. In contrast with our results, Carey and col-
leagues did not observe any differences between EDs and HC controls. Both groups displayed a strong sense of 
ownership and agency towards the fake hand in synchronous condition. Previous research with classic static RHI 
paradigm collected contradictory results. Eshkevari and colleagues37 showed that EDs participants displayed 
higher sense of ownership towards the fake hand, while Keizer et al.61 did not observe differences between EDs 
and HC groups. Carey and Preston argued that the lack of differences in their experimental data may account 
for the motor response required in the study. The authors suggested that it is difficult to dissociate feeling of 
agency and feeling of ownership when voluntary movement is involved, since sensory feedback of movement is 
likely to further enhance the sense of ownership60. Only one study by Engel and colleagues43 has evaluated the 
sense of agency in individuals with EDs by exploiting the intentional binding task, which is specifically devised 
to implicitly assess the sense of agency. Also in this case, results did not show any group differences on the sense 
of agency between individuals with AN and the control group. They argued that agency is a complex construct 
and given that the intentional binding task measures only binding over an action and its consequences, it could 
be a relatively predictable task. Thus, they suggested that their results might not be generalized to all aspects of 
agency, which can be better detected by different tasks. In line with this interpretation, the sensory attenuation 
paradigm resulted an effective tool to investigate the sense of agency in EDs with the advantage to implicitly 
measure it without the manipulation of the sense of body ownership. Measuring sense of agency independently 
from the sense of body ownership disconfirmed the hypothesis of Carey and Preston60 that sense of agency in EDs 
is less dysfunctional than body ownership. Our results showed that both individuals with AN-R and individuals 
with AN-BP/BN do not experience sensory attenuation as the HC group. In particular individuals with AN-BP/

Figure 2.   Sensory attenuation results. The figure represents the significant Group by Condition interaction. 
For each group (Controls in blue, AN-R in green, and AN-BP/BN in pink) the empty histograms represent the 
other-generated condition while the dotted ones represent the self-generated condition. Error bars indicate sem. 
Asterisk indicates the significant comparison (*p < 0.05; **p < 0.005). Dots represent individual values.
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BN showed the greatest discrepancy in sensory perception between self- and other-generated stimulations, 
perceiving the self-generated as considerably more intense than the other-generated ones.

In contrast with our expectation, none of the psychopathological symptoms and trait measurements of the 
participants with EDs correlated with the sensory attenuation index. However, interestingly, the subgroup of 
AN-BP/BN presented more impulsivity which can be related to the reverse performance in the sensory attenua-
tion paradigm62. We can hypothesize that this impulsivity, typical of individuals with AN-BP/BN, might partially 
explain the reduction in the sense of agency. Indeed, results obtained from the BIS-11 scale, measuring impul-
sivity, showed that AN-R exhibit a similar level of impulsivity compared to HC while AN-BP/BN presented the 
highest score. Moreover, impulsivity is strictly connected to emotional dysregulation, which was evaluated in 

Table 1.   Means, standard deviations and comparisons for all self-report questionnaires. IDEA identity 
and eating disorders; EDI-2 eating disorder inventory, version 2; BDI-II beck depression inventory II; ISAS 
inventory of statements about self-injury; STAI-Y state-trait anxiety inventory; DES dissociative experiences 
scale; BIS-11 Barratt impulsiveness scale; DERS difficulties in emotion regulation scale; CTQ childhood trauma 
questionnaire. *Different statistics were used following the assumptions for the distribution of each self-report 
test, a Kruskal-Wallis test and Dunn’s post-hoc test, b One-way ANOVA and Bonferroni post-hoc test, c One-way 
ANOVA and Newman-Keuls post-hoc test.

Self-report 
Questionnaire AN-R (N), M ± SD AN-BN/BP (N), M ± SD HC (N), M ± SD

McDonald/Cronbach 
coefficients Statistics* Post-hoc comparisons

IDEA (17), 2.12 ± 0.70 (18), 2.34 ± 0.98 (29), 0.648 ± 0.396 ω = 0.96 F(2,27.165) = 49.603a, 
p < 0.0001

AN-R vs HC (p < 0.0001)
AN-BN/BP vs HC 
(p < 0.0001)
AN-R vs AN-BN/BP 
(p = 0.725)

EDI 2 (20), 102.6 ± 48.19 (20), 126.7 ± 50.03 (29), 39.903 ± 45.949 ω = 0.95 χ2
(2) = 31.545b, p < 0.0001

AN-R vs HC (p < 0.0001)
AN-BN/BP vs HC 
(p < 0.0001)
AN-R vs AN-BN/BP 
(p = 0.742)

BDI-II (20), 17.58 ± 8.87 (20), 22.28 ± 8.03 (29), 8.065 ± 8.555 ω = 0.97 χ2
(2) = 26.379b, p < 0.0001

AN-R vs HC (p = 0.002)
AN-BN/BP vs HC 
(p < 0.0001)
AN-R vs AN-BN/BP 
(p = 0.531)

ISAS

 Interpersonal (20), 5.50 ± 7.11 (20), 12.05 ± 9.75 (29), 0.581 ± 1.876 ω = 0.90 χ2
(2) = 31.369b, p < 0.0001

AN-R vs HC (p = 0.010)
AN-BN/BP vs HC 
(p = 0.000)
AN-R vs AN-BN/BP 
(p = 0.053)

 Intrapersonal (20), 8.20 ± 9.2 (20), 16.85 ± 9.28 (29), 1.32 ± 3.83 ω = 0.95 χ2
(2) = 30.177b, p < 0.0001

AN-R vs HC (p = 0.031)
AN-BN/BP vs HC 
(p < 0.0001)
AN-R vs AN-BN/BP 
(p = 0.025)

STAI-Y

 State (20), 57.65 ± 12.71 (20), 63.95 ± 8.88 (29), 36.71 ± 12.10 α = 0.95 F(2,68) = 39.968c, p < 0.0001

AN-R vs HC (p < 0.0001)
AN-BN/BP vs HC 
(p < 0.0001)
AN-R vs AN-BN/BP 
(p = 0.069)

 Trait (20), 61.65 ± 9.62 (20), 68.15 ± 7.79 (29), 42.61 ± 11.44 α = 0.89 F(2,43.416) = 45.591a, 
p < 0.0001

AN-R vs HC (p < 0.0001)
AN-BN/BP vs HC 
(p < 0.0001)
AN-R vs AN-BN/BP 
(p = 0.062)

DES (19), 22.32 ± 14.40 (18), 35.61 ± 20.32 (29), 12.14 ± 7.37 ω = 0.93 F(2,28.046) = 13.715a, 
p < 0.0001

AN-R vs HC (p = 0.023)
AN-BN/BP vs HC 
(p < 0.0001)
AN-R vs AN-BN/BP 
(p = 0.073)

BIS-11 (20), 59.65 ± 7.21 (20), 65.05 ± 23.78 (29), 60.19 ± 10.87 ω = 0.97 χ2
(2) = 6.542b, p < 0.0001

AN-R vs HC (p = 1.000)
AN-BN/BP vs HC 
(p = 0.047)
AN-R vs AN-BN/BP 
(p = 0.125)

DERS (19), 111.42 ± 19.66 (18), 124.11 ± 22.7 (29), 82.13 ± 25.37 ω = 0.89 F(2,65) = 21.070c, p < 0.0001

AN-R vs HC (p = 0.000)
AN-BN/BP vs HC 
(p = 0.000)
AN-R vs AN-BN/BP 
(p = 0.079)

CTQ (12), 26.67 ± 2.19 (11), 26.46 ± 3.56 (23), 25.48 ± 3.20 ω = 0.84 F(2,43) = 0.735c, p = 0.489
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our study through the DERS questionnaire. In this case, AN-BN/BP showed the highest score while the AN-R 
group presented an intermediate score between AN-BN/BP and HC.

High level of emotional responses is also evident from data collected with the STAI-Y questionnaire, both 
state and trait, where AN-BN/BP manifested a higher level of anxiety compared to AN-R and both groups with 
EDs (AN-BN/BP and AN-R) were significantly different than HC. Research in EDs has shown that there is a 
high prevalence of anxiety, and increased activation of cognitive control as an attempt to compensate for the 
impaired ability to perceive interoceptive information63, 64. Indeed, many of the symptoms observed in EDs 
could be related to deficits in interoceptive perception, such as altered subjective responses to food, pain and 
heart beat awareness65–67.

The absence of correlations between clinical measures and attenuation index suggest that the alteration of 
sense of agency is a relatively stable trait as already hypothesized more generally in previous studies investigating 
alterations of neural signals during perception in patients recovered from EDs67, 68.

In addition, the sense of agency was not correlated to the BMI suggesting that the results found in the present 
research might be independent from the weight of the participants but more related to their clinical condition.

Overall, the present findings support previous research suggesting that individuals with EDs have a more 
malleable experience of the bodily self. Previous studies showed that perceptual estimation of body size can be 
useful to improve the subjective body experience in EDs61. Moreover, the novel findings of the present research 
show that that the need for control involves also the sense of agency. Our findings rise the possibility that body 
image disturbances typical of EDs can be also connected with an interoceptive/exteroceptive imbalance within a 
lack of sense of agency. This suggests that clinical practice may potentially be improved by expanding the targets 
of exposure to include sensory experiences including sense of agency.

Body image disturbance has prognostic significance, predicting illness onset, maintenance, and remission69–71. 
These findings could have important clinical implication within the treatment of body image disturbance in EDs. 
Further investigation of the sense of agency has the potential to guide the development of novel intervention 
approaches to address symptom that eludes change.

The limit of the present study pertains the sample size, which is relatively small. A greater sample size that 
would increase the power of the analysis is required to confirm the present data and better identify any relation-
ship between psychopathological symptoms and the alteration in the sense of agency in EDs. Further studies 
need to evaluate whether and to what extent the sense of agency plays a role in shaping the clinical manifestation 
of individuals with EDs. Given that our sample were inpatients at the time of the research, we do not have reli-
able information on outpatients with less acute EDs symptoms. Finally, this study did not find any influence of 
psychopathological states and traits on the sense agency. However, it does show some differences in the sense of 
agency and in different aspects of psychopathology between individuals with AN-R and AN-BN/BP. Further stud-
ies should investigate the sense of agency considering separately this two clinically different conditions of EDs.

Methods
Participants.  A total of 69 female participants was enrolled for the present research, 29 of them as healthy 
control group (HC) and 40 as experimental group (EDs). Within the EDs group, 20 participants were diag-
nosed with Anorexia Nervosa Restrictive Type (AN-R) and 20 with Anorexia Nervosa Binge-Purging Type or 
Bulimia Nervosa (AN-BP/BN n. 16/n. 4), according to the criteria of the DSM-517. AN-BP/BN participants were 
grouped in one category since they show a similar behavioural pattern in relation to the binge purging behav-
iours of the disorders72 (see also73 for a similar grouping method). The three groups (AN-R, AN-BP/BN and HC) 
showed a significant difference when comparing their BMI (F(2,57) = 42.040; p < 0.001). At post hoc comparisons, 

Table 2.   Spearman correlation results between the self-report questionnaires and the attenuation indexes in 
all participants (Anorexia Nervosa Restrictive, Anorexia Nervosa Binge/Purging and Bulimia Nervosa). IDEA 
identity and eating disorders, EDI-2 eating disorder inventory, version 2, BDI-II beck depression inventory 
II, ISAS inventory of statements about self-injury, STAI-Y state-trait anxiety inventory, DES dissociative 
experiences scale; BIS-11 barratt impulsiveness scale, DERS difficulties in emotion regulation scale.

Self-report questionnaire N rs B-H padj values

IDEA 35 0.090 0.607

EDI 2 40  − 0.083 0.609

BDI-II 40  − 0.165 0.309

ISAS

 Interpersonal 40  − 0.072 0.657

 Intrapersonal 40  − 0.027 0.868

STAI-Y

 State 40  − 0.167 0.302

 Trait 40  − 0.186 0.250

DES 37 0.244 0.145

BIS-11 40 0.177 0.274

DERS 37  − 0.153 0.366

BMI 40  − 0.269 0.093
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the BMI of HC resulted significantly different compared to that one of both AN-R (p < 0.001) and AN-BP/BN 
(p < 0.001), and the BMI was significantly different between the two EDs groups as well (p = 0.003). However, 
it is worth noticing that the BMI information is available for only 20 healthy participants. No difference was 
detected between the two experimental groups (AN-R and AN-BP/BN) concerning the pharmacology treat-
ment tested by the Fisher exact test (χ2(1) = 1.29; p = 0.22). The HC group was recruited by means of advertise 
on social media of the research group and by contacting a pool of volunteers which expressed their interest to 
be contacted for participating to experiments. The HC group had to report no history of current or previous 
psychiatric illness. All patients were recruited at the Eating Disorders Centre—University of Turin, AOU Città 
della Salute e della Scienza in Turin, Italy. Substance and/or alcohol abuse or dependence were considered as 
exclusion criteria. Furthermore, patients had not to be affected by schizophrenia, schizo-affective disorder, bipo-
lar disorder or organic mental syndrome. No significant distinction was observed in the age among the three 
groups (HC, AN-R and AN-BP/BN; F(2,66) = 3.061; p = 0.054). However, they differentiate at the educational level 
(F(2,66) = 28.488; p < 0.001) since the HC group present a higher number of years of education compared to the 
other two groups. All subjects signed the informed consent. In accordance with the Declaration of Helsinki, the 
experimental procedure was approved by local ethics committee of both the University of Turin (Prot. n. 3167, 
1/02/2016) and Città della Salute e della Scienza (Prot. n. 0017116, 13/02/2019). See Table 3 for demographical 
and clinical information.

Experimental procedure.  During the experiment, participants were in a familiar room, seated on a chair 
in front of a desk, and they laid their hands palm down. Note that, the participant and the co-experimenter were 
seated in front of each other as in previous experiments adopting the very same sensory attenuation paradigm 
(see for e.g.,5,12,74,75). Tactile stimuli were delivered in two experimental conditions differing from whether the 
button delivering the stimulation was pressed by either the participants’ left hand (i.e., self-generated condition) 
or the experimenter (i.e., other-generated condition) (Fig. 1). A vocal instruction indicated if the participant 
(self-generated instruction) or the experimenter (other-generated instruction) had to press the button triggering 
the stimulation. Note that the delivered stimulation was always at the same intensity and participants did not 
received any specific information about the stimulation intensity employed during the experiment. After each 
stimulation, participants were asked to rate how much intense they perceived the stimulation using a 0–7 points 
Likert’s Scale where 0 corresponded to “no stimulation” and 7 corresponded to “very high intense stimulation”. 
A total of 44 stimulations were delivered in a random order: 20 self-generated stimulations, 20 other-generated 
stimulations and 4 catch trials (i.e., trials without stimulation to avoid a central tendency effect or response biases 
and to monitor possible phantom sensations) that afterwards were excluded from the data analysis.

Electrical stimulation.  Tactile stimulations were transcutaneous electrical stimuli consisting in constant 
current square-wave pulses (Digitimer, Model DS7A) delivered using a couple of surface bipolar electrodes 
attached on the index finger of the participant’s right-hand. In order to avoid habituation two slightly different 
sites were stimulated (see Fig. 1). To this aim, three electrodes were attached on the participants’ finger, one 
electrode with negative polarity and two electrodes with positive polarity (one in a more proximal position, the 
other one in a more distal position, on the phalanx). The two couples of electrodes were alternated randomly by 
changing their configuration on the stimulator so that participants were unaware of this changes. This procedure 
gave to participants the illusion that intensity could randomly change as well as the stimulation could be felt on 
distinct part of the finger. Stimulation intensity was set according to each participant’s sensory threshold level 
(i.e., when participants were able to detect stimuli in the 50% of trials) and its duration was 200 μs. Mean inten-
sity thresholds were 1.49 ± 0.40 mA, range 0.55–2.64 mA for the HC, 1.40 ± 0.39 mA, range 0.91- 2.18 for AN-R 
group, and 1.35 ± 0.44 mA, range 0.23–2.08 mA for the AN-BP/BN group. To ensure that participants could 
always perceive the stimulation, during the experimental session the intensity was increased using the formula: 
stimulation intensity = intensity threshold*2.5 mA.

Self‑report questionnaires.  Different measures on several psychological dimensions  were collected 
through the completion of a set of self-report questionnaires. Some of these questionnaires were specifically 
focused on eating behaviours, i.e., IDEA and EDI 2. Other psychiatric symptoms were assessed through further 
questionnaires. A brief and introductive description for each test is provided:

Table 3.   Participants’ demographic information. HC healthy controls, AN-R anorexia nervosa restrictive, AN-
BP/BN anorexia nervosa binge/purging and bulimia nervosa, AD Antidepressant, BDZ benzodiazepines, AP 
antipsychotics, STAB mood stabilizers. *BMI of 9 participants of the HC groups is missing.

Group label N

Age Educational level Body mass index Pharmacological treatment

M ± SD M ± SD M ± SD Frequency (Type of drugs, Frequency)

HC 29 26.21 ± 4.69 17.17 ± 1.89 20.45 ± 2.42* –

AN-R 20 22.55 ± 7.32 13.15 ± 1.98 14.31 ± 1.96 14 AD = 12, BDZ = 9
AP = 4, STAB = 1

AN-BP/BN 16/4 23.10 ± 4.98 13.50 ± 2.46 16.40 ± 2.05 17 AD = 11, BDZ = 13
AP = 12, STAB = 3
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•	 Identity and eating disorders—IDEA76 for the clinical assessment of abnormalities about identity’s perception 
and experience of the perception of one’s own body. The questionnaire explores how different variables such 
as the gaze of others, the dietary restriction and objective features (e.g., weight) can alter and impact the lived 
and inner perception of participants’ body. Moreover the tool investigates the sense of alienation from the 
body, commonly reported by patients with eating disorders.

•	 Eating disorder inventory 2—EDI 277 to assess psychological features associated with eating disorders. It 
comprises eleven sub-scales, which include: drive for thinness, bulimia, body dissatisfaction, perfectionism, 
interpersonal distrust, interoceptive awareness, maturity fears, ineffectiveness, asceticism, impulsiveness and 
social insecurity.

•	 Beck depression inventory—BDI78 measures the incidence and severity of depressive symptoms, investigating 
both the cognitive-affective component and the somatic component. The BDI is composed of 21 items to 
which the subject responds on a 4-point Likert scale (with a range from 0 to 3). Questions are based on how 
he/she felt in the previous two weeks about specific areas of daily life: sadness, pessimism, sense of failure, loss 
of pleasure, guilt, feelings of punishment, self-esteem, self-criticalness, suicidal thoughts, crying, agitation, 
loss of interest, indecision, sense of worthlessness, loss of energy, changes in sleeping, irritability, changes in 
appetite, concentration, fatigue, and loss of libido.

•	 Inventory of statements about self-injury – ISAS79 for the evaluation of self-harming behaviour. In the first 
section of this questionnaire, the subject is asked about the frequency and nature of self-injurious behaviour. 
The second section examine the motivations behind these behaviours are investigated through two main 
factors of self-harm: interpersonal factors (autonomy, interpersonal boundaries, interpersonal influence, peer-
bonding, revenge, self-care, sensation-seeking and toughness), and intrapersonal factors (affect regulation, 
anti-dissociation, anti-suicide, marking distress and self-punishment). There are 39 items characterized by 
a 3-point Likert scale, where 0 = not relevant to my experience and 3 = very relevant to my experience. In the 
third, and last, section of the questionnaire, subjects can describe in more detail his/her own experiences 
regarding the functions investigated in the previous section.

•	 State-trait anxiety inventory – STAI-Y80 for the evaluation of anxiety. This questionnaire consists of two 
sub-scales: Y1, which investigates state anxiety (i.e. how the individual feels in the specific moment of the 
administration of the questionnaire, and describes his/her current moods), while Y2 evaluates trait anxiety 
(i.e. the participants’ usual mood, their stable and persistent emotional state). Both scales contain 20 items, 
and the score is assigned on a 4-point Likert’s scale in which 1 corresponds to “not at all” and 4 to “very much”.

•	 Dissociative experiences Scale –DES81 for the evaluation of dissociative events, their severity and their typol-
ogy. It is composed of 28 items that describe the most common dissociative experiences. Subjects have to 
rate how frequently each of these experiences has occurred over the course of his/her life by using a 11-point 
Likert’s scale, which proposes a percentage from 0 at 100%. According to the literature, a global score above 
30 could suggest a dissociative disorder82.

•	 Barratt impulsiveness scale 11—BIS 1183 to assess emotion dysregulation and impulsive traits. It allows the 
identification of six first-order factors and three second-order factors: the first-order factors attention and 
cognitive instability identify attentional impulsiveness; perseverance and motor behaviour denote cogni-
tive impulsiveness and self-control and cognitive complexity specify unplanned impulsiveness. This tool is 
composed of 30 items evaluated on a 4-point Likert’s scale, where scores correspond to: 1 = never/rarely and 
4 = almost always/always.

•	 Difficulties in emotion regulation scale—DERS84 to assess emotion dysregulation by four dimensions: aware-
ness and understanding emotions, acceptance of emotions, ability to engage in goal-directed behaviours 
when experiencing negative emotions, and access to emotion regulation strategies perceived as effective. 
This scale is composed of 36 items scored on a 5-point Likert’s scale where 1 corresponds to “almost never” 
(0–10%), 2 to “sometimes” (11–35%), 3 to “about half the time” (36–65%), 4 to “many times” (66– 90%) and 
5 to “almost always” (91–100%).

•	 Childhood trauma questionnaire – CTQ85 for the assessment of the presence of any traumatic experiences in 
childhood. The questionnaire analyses five kinds of abuse: sexual abuse, physical abuse, psychological abuse, 
physical neglect and emotional neglect. There is also the MID/IU index, which indicates the possibility of 
denied or minimized abuses.

Data analysis.  During catch trials, all participants gave a rating of zero, thus excluding the presence of 
response bias and false alarms. Firstly, to test whether the somatosensory perception was comparable among 
the three groups (HC, AN-R and AN-BP/BN), a repeated measures ANOVA was performed on the stimu-
lation intensity in mA. Secondly, subjective ratings were analysed by means of a repeated measures ANOVA 
with Group (three levels: HC, AN-R and AN-BP/BN) as between subject factor and Condition (two levels: Self-
generated, Other-generated) as within subject factor. Post-hoc comparisons were performed with the Bonferroni 
test. We checked the normal distribution of the residuals in each sub-groups by means of Shapiro–Wilk test 
0.938 > W > 0.960; 0.4 > p > 0.09).

To explore any significant difference among the three groups on the scores to the different questionnaires 
(IDEA, EDI 2, BDI-II, ISAS, STAI-Y, DES, BIS-11, DERS, and CTQ) we ran a series of one-way ANOVA with 
group (three levels: AN-R, AN-BP/BN and HC) as between subjects factor after checking for assumptions (oth-
erwise Kruskal–Wallis was used) and an appropriate post-hoc test was chosen for each comparison. It is worth 
noting that questionnaires were not completed by all participants (see N in Table 2), therefore the analysis for 
some questionnaires were performed on reduced samples. McDonald’s omega (ω) or Cronbach alpha (α) coef-
ficients of reliability were calculated (See Table 2).
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Finally, in order to investigate possible relations between BMI, psychological aspects evaluated by the self-
report questionnaires and the sensory attenuation, we performed Spearman correlations between BMI, self-report 
questionnaires results and the attenuation index. To this aim, we calculated an attenuation index (∆) by subtract-
ing the mean ratings given at the other-generated condition from the mean ratings provided in the self-generated 
condition (Δn = Sn–On; S: mean of the self-generated ratings of subject n; O: mean of the other-generated rat-
ings of subject n; Δ = attenuation index of subject n). If necessary, the significance level (p value) was corrected 
using a false discovery rate (FDR) procedure86. Correlations were performed only on participants with EDs (i.e. 
excluding HC group) in order to rule out that relations between symptoms and the index of attenuation could 
be due to an effect of the groups rather than to a close correlation with a gradient of severity of psychopathology.

Data availability
The datasets used and/or analysed during the current study are available in the Mendely repository, https://​data.​
mende​ley.​com/​datas​ets/​2ynfc​yfmtc/​draft?a=​6e2bb​201-​ae15-​4191-​a2d3-​7de37​a45d8​d4.

Received: 1 February 2023; Accepted: 24 August 2023

References
	 1.	 Haggard, P. Sense of agency in the human brain. Nat. Rev. Neurosci. 18, 197–208. https://​doi.​org/​10.​1038/​nrn.​2017.​14 (2017).
	 2.	 Blakemore, S. J. & Frith, C. Self-awareness and action. Curr. Opin. Neurobiol. 13, 219–224 (2003).
	 3.	 Wolpert, D., Ghahramani, Z. & Jordan, M. An internal model for sensorimotor integration. Science 1979(269), 1880–1882 (1995).
	 4.	 Pyasik, M., Furlanetto, T. & Pia, L. The role of body-related afferent signals in human sense of agency. J. Exp. Neurosci. 13, 

117906951984990. https://​doi.​org/​10.​1177/​11790​69519​849907 (2019).
	 5.	 Colle, L., Hilviu, D., Rossi, R., Garbarini, F. & Fossataro, C. Self-harming and sense of agency in patients with borderline personality 

disorder. Front. Psychiatry 11, 449 (2020).
	 6.	 Möller, T. J., Braun, N., Thöne, A. K., Herrmann, C. S. & Philipsen, A. The senses of agency and ownership in patients with bor-

derline personality disorder. Front. Psychiatry 11, 474 (2020).
	 7.	 Hauser, M. et al. Altered sense of agency in schizophrenia and the putative psychotic prodrome. Psychiatry Res. 186, 170–176 

(2011).
	 8.	 Frith, C. D. The self in action: Lessons from delusions of control. Conscious. Cogn. 14, 752–770. https://​doi.​org/​10.​1016/j.​concog.​

2005.​04.​002 (2005).
	 9.	 Garbarini, F. et al. Abnormal sense of agency in patients with schizophrenia: Evidence from bimanual coupling paradigm. Front. 

Behav. Neurosci. 10, 43 (2016).
	10.	 Moore, J. W. & Fletcher, P. C. Sense of agency in health and disease: A review of cue integration approaches. Conscious. Cogn. 21, 

59–68 (2012).
	11.	 Haggard, P., Martin, F., Taylor-Clarke, M., Jeannerod, M. & Franck, N. Awareness of action in schizophrenia. NeuroReport 14, 

1081–1085 (2003).
	12.	 Scarpina, F. et al. Behavioural evidence of altered sensory attenuation in obesity. Q. J. Exp. Psychol. https://​doi.​org/​10.​1177/​17470​

21821​10657​66 (2021).
	13.	 Oren, E., Eitam, B. & Dar, R. Intentional binding and obsessive-compulsive tendencies: A dissociation between indirect and direct 

measures of the sense of agency. J. Obsessive Compuls. Relat. Disord. 20, 59–65 (2019).
	14.	 Froreich, F. V., Vartanian, L. R., Grisham, J. R. & Touyz, S. W. Dimensions of control and their relation to disordered eating behav-

iours and obsessive-compulsive symptoms. J. Eat. Disord. 4, 1–9 (2016).
	15.	 Fairburn, C. G., Cooper, Z. & Shafran, R. Cognitive behaviour therapy for eating disorders: A ‘transdiagnostic’ theory and treat-

ment. Behav. Res. Ther. 41, 509–528 (2003).
	16.	 American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders – Fifth Edition (DSM-5) (American 

Psychiatric Association, 2013).
	17.	 American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition (DSM-5) (American 

Psychiatric Association, 2013).
	18.	 Noordenbos, G. & Lammers, M. Psychische achtergronden. In Handboek Eetstoornissen (eds Noordenbos, G. & van Elburg, A.) 

99–108 (De Tijdsstroom Uitgeverij, 2018).
	19.	 Izydorczyk, B. Body Image in Eating Disorders Clinical Diagnosis and Integrative Approach to Psychological Treatment (Routledge, 

2022).
	20.	 Bruch, H. Eating Disorders. Obesity, Anorexia Nervosa, and the Person Within (Routledge & Kegan Paul, 1974).
	21.	 Fairburn, C. G., Cooper, Z. & Shafran, R. Cognitive behaviour therapy for eating disorders: A ‘transdiagnostic’ theory and treat-

ment. Behav. Res. Ther. 41, 509–528 (2003).
	22.	 Klump, K. et al. Personality characteristics of women before and after recovery from an eating disorder. Psychol. Med. 34, 1407–1418 

(2004).
	23.	 Craig, A. D. How do you feel? Interoception: The sense of the physiological condition of the body. Nat. Rev. Neurosci. 3, 655–666 

(2002).
	24.	 Koch, A. & Pollatos, O. Interoceptive sensitivity, body weight and eating behavior in children: A prospective study. Front. Psychol. 

5, 1003 (2014).
	25.	 Pollatos, O. & Georgiou, E. Normal interoceptive accuracy in women with bulimia nervosa. Psychiatry Res. 240, 328–332 (2016).
	26.	 Badoud, D. & Tsakiris, M. From the body’s viscera to the body’s image: Is there a link between interoception and body image 

concerns?. Neurosci. Biobehav. Rev. 77, 237–246. https://​doi.​org/​10.​1016/j.​neubi​orev.​2017.​03.​017 (2017).
	27.	 Kinnaird, E., Stewart, C. & Tchanturia, K. Interoception in Anorexia Nervosa: Exploring associations with alexithymia and autistic 

traits. Front. Psychiatry 11, 64 (2020).
	28.	 Martini, M., Marzola, E., Brustolin, A. & Abbate-Daga, G. Feeling imperfect and imperfectly feeling: A network analysis on per-

fectionism, interoceptive sensibility, and eating symptomatology in anorexia nervosa. Eur. Eat. Disord. Rev. 29, 893–909 (2021).
	29.	 Zamariola, G., Cardini, F., Mian, E., Serino, A. & Tsakiris, M. Can you feel the body that you see? On the relationship between 

interoceptive accuracy and body image. Body Image 20, 130–136 (2017).
	30.	 Crucianelli, L. et al. The anticipation and perception of affective touch in women with and recovered from anorexia nervosa. 

Neuroscience 464, 143–155 (2021).
	31.	 Crucianelli, L., Cardi, V., Treasure, J., Jenkinson, P. M. & Fotopoulou, A. The perception of affective touch in anorexia nervosa. 

Psychiatry Res. 239, 72–78 (2016).
	32.	 Pollatos, O. et al. Reduced perception of bodily signals in anorexia nervosa. Eat. Behav. 9, 381–388 (2008).

https://data.mendeley.com/datasets/2ynfcyfmtc/draft?a=6e2bb201-ae15-4191-a2d3-7de37a45d8d4
https://data.mendeley.com/datasets/2ynfcyfmtc/draft?a=6e2bb201-ae15-4191-a2d3-7de37a45d8d4
https://doi.org/10.1038/nrn.2017.14
https://doi.org/10.1177/1179069519849907
https://doi.org/10.1016/j.concog.2005.04.002
https://doi.org/10.1016/j.concog.2005.04.002
https://doi.org/10.1177/17470218211065766
https://doi.org/10.1177/17470218211065766
https://doi.org/10.1016/j.neubiorev.2017.03.017


10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14176  | https://doi.org/10.1038/s41598-023-41345-5

www.nature.com/scientificreports/

	33.	 Pollatos, O. et al. Atypical self-focus effect on interoceptive accuracy in anorexia nervosa. Front. Hum. Neurosci. https://​doi.​org/​
10.​3389/​fnhum.​2016.​00484 (2016).

	34.	 Eshkevari, E., Rieger, E., Musiat, P. & Treasure, J. An investigation of interoceptive sensitivity in eating disorders using a heartbeat 
detection task and a self-report measure. Eur. Eat. Disord. Rev. 22, 383–388 (2014).

	35.	 Botvinick, M. & Cohen, J. Rubber hands ‘feel’touch that eyes see. Nature 391, 756–756 (1998).
	36.	 Sforza, A., Bufalari, I., Haggard, P. & Aglioti, S. M. My face in yours: Visuo-tactile facial stimulation influences sense of identity. 

Soc. Neurosci. 5, 148–162 (2010).
	37.	 Eshkevari, E., Rieger, E., Longo, M. R., Haggard, P. & Treasure, J. Increased plasticity of the bodily self in eating disorders. Psychol. 

Med. 42, 819–828 (2012).
	38.	 Irvine, K. R. et al. Distorted body image influences body schema in individuals with negative bodily attitudes. Neuropsychologia 

122, 38–50 (2019).
	39.	 Keizer, A. et al. Too fat to fit through the door: First evidence for disturbed body-scaled action in anorexia nervosa during locomo-

tion. PLoS One 8, 1–7 (2013).
	40.	 Sacchetti, S., Mirams, L., McGlone, F. & Cazzato, V. Self-focused attention enhances tactile sensitivity in women at risk from eating 

disorders. Sci. Rep. 10, 1–15 (2020).
	41.	 Botvinick, M. & Cohen, J. Rubber hands ‘feel’touch that eyes see. Nature 391, 756–756 (1998).
	42.	 Carey, M. & Preston, C. Investigating the components of body image disturbance within eating disorders. Front. Psychiatry 10, 

1–15 (2019).
	43.	 Engel, M. M., Ainley, V., Tsakiris, M., Chris Dijkerman, H. & Keizer, A. Sense of agency during and following recovery from 

anorexia nervosa. Conscious. Cogn. 103, 103369 (2022).
	44.	 Blakemore, S. J., Frith, C. D. & Wolpert, D. M. Spatio-temporal prediction modulates the perception of self-produced stimuli. J. 

Cogn. Neurosci. 11, 551–559 (1999).
	45.	 Kilteni, K. & Ehrsson, H. H. Functional connectivity between the cerebellum and somatosensory areas implements the attenuation 

of self-generated touch. J. Neurosci. 40, 894–906 (2020).
	46.	 Kilteni, K. & Ehrsson, H. H. Body ownership determines the attenuation of self-generated tactile sensations. Proc. Natl. Acad. Sci. 

114, 8426–8431 (2017).
	47.	 Blakemore, S. J., Wolpert, D. & Frith, C. D. Why can’t you tickle yourself?. NeuroReport 11, R11–R16 (2000).
	48.	 Blakemore, S. J., Wolpert, D. M. & Frith, C. D. The cerebellum contributes to somatosensory cortical activity during self-produced 

tactile stimulation. Neuroimage 10, 448–459 (1999).
	49.	 Blakemore, S. J., Wolpert, D. M. & Frith, C. D. Central cancellation of self-produced tickle sensation. Nat. Neurosci. 1, 635–640 

(1998).
	50.	 Kilteni, K., Engeler, P. & Ehrsson, H. H. Efference copy is necessary for the attenuation of self-generated touch. iScience 23, 100843 

(2020).
	51.	 Kilteni, K., Houborg, C. & Ehrsson, H. H. Rapid learning and unlearning of predicted sensory delays in self-generated touch. Elife 

https://​doi.​org/​10.​7554/​eLife.​42888 (2019).
	52.	 Davis, H. A., Ortiz, A. M. L. & Smith, G. T. Transactions between early binge eating and personality predict transdiagnostic risk. 

Eur. Eat. Disord. Rev. 27, 614–627 (2019).
	53.	 Abbate-Daga, G., Gramaglia, C., Malfi, G., Pierò, A. & Fassino, S. Eating problems and personality traits. An Italian pilot study 

among 992 high school students. Eur. Eat. Disord. Rev. 15, 471–478 (2007).
	54.	 Silva, A. S. F. The relationship between personality traits and eating pathology in adolescent girls. Arch. Womens Mental Health 

10, 285–292 (2007).
	55.	 Jérolon, A., Perduca, V., Delsedime, N., Abbate-Daga, G. & Marzola, E. Mediation models of anxiety and depression between 

temperament and drive for thinness and body dissatisfaction in anorexia nervosa. Eat. Weight Disord. https://​doi.​org/​10.​1007/​
s40519-​022-​01397-4 (2022).

	56.	 Cserjési, R. et al. Explicit vs. implicit body image evaluation in restrictive anorexia nervosa. Psychiatry Res. 175, 148–153 (2010).
	57.	 Sachdev, P., Mondraty, N., Wen, W. & Gulliford, K. Brains of anorexia nervosa patients process self-images differently from non-

self-images: An fMRI study. Neuropsychologia 46, 2161–2168 (2008).
	58.	 Strigo, I. A. et al. Altered insula activation during pain anticipation in individuals recovered from anorexia nervosa: Evidence of 

interoceptive dysregulation. Int. J. Eat. Disord. 46, 23–33 (2013).
	59.	 Bischoff-Grethe, A. et al. Neural hypersensitivity to pleasant touch in women remitted from anorexia nervosa. Transl. Psychiatry 

https://​doi.​org/​10.​1038/​s41398-​018-​0218-3 (2018).
	60.	 Carey, M. & Preston, C. Investigating the components of body image disturbance within eating disorders. Front. Psychiatry 10, 

1–15 (2019).
	61.	 Keizer, A., Smeets, M. A. M., Postma, A., van Elburg, A. & Dijkerman, H. C. Does the experience of ownership over a rubber hand 

change body size perception in anorexia nervosa patients?. Neuropsychologia 62, 26–37 (2014).
	62.	 Schag, K. et al. Impulsivity in Binge eating disorder: Food Cues Elicit increased reward responses and disinhibition. PLoS One 8, 

4–11 (2013).
	63.	 Connan, F., Campbell, I. C., Katzman, M., Lightman, S. L. & Treasure, J. A neurodevelopmental model for anorexia nervosa. Physiol. 

Behav. 79, 13–24 (2003).
	64.	 Godart, N. T., Flament, M. F., Lecrubier, Y. & Jeammet, P. Anxiety disorders in anorexia nervosa and bulimia nervosa: Co-morbidity 

and chronology of appearance. Eur. Psychiatry 15, 38–45 (2000).
	65.	 Raymond, N. C. et al. Elevated pain threshold in anorexia nervosa subjects. Biol. Psychiatry 45, 1389–1392 (1999).
	66.	 Pollatos, O. et al. Reduced perception of bodily signals in anorexia nervosa. Eat. Behav. 9, 381–388 (2008).
	67.	 Strigo, I. A. et al. Altered insula activation during pain anticipation in individuals recovered from anorexia nervosa: Evidence of 

interoceptive dysregulation. Int. J. Eat. Disord. 46, 23–33 (2013).
	68.	 Bischoff-Grethe, A. et al. Neural hypersensitivity to pleasant touch in women remitted from anorexia nervosa. Transl. Psychiatry 

https://​doi.​org/​10.​1038/​s41398-​018-​0218-3 (2018).
	69.	 Jacobi, C., Hayward, C., De Zwaan, M., Kraemer, H. C. & Agras, W. S. Coming to terms with risk factors for eating disorders: 

Application of risk terminology and suggestions for a general taxonomy. Psychol. Bull. 130, 19–65 (2004).
	70.	 Keel, P. K., Dorer, D. J., Franko, D. L., Jackson, S. C. & Herzog, D. B. Postremission predictors of relapse in women with eating 

disorders. Am. J. Psychiatry 162, 2263–2268 (2005).
	71.	 Marzola, E., Panero, M., Cavallo, F., Delsedime, N. & Abbate-Daga, G. Body shape in inpatients with severe anorexia nervosa. Eur. 

Psychiatry https://​doi.​org/​10.​1192/j.​eurpsy.​2019.5 (2020).
	72.	 Cuthbert, B. N. & Kozak, M. J. Constructing constructs for psychopathology: The NIMH research domain criteria. J. Abnorm. 

Psychol. 122, 928–937 (2013).
	73.	 Sagiv, E. et al. The fear of losing—Nonsuicidal self-injury as a protective mechanism in eating disorders. Front. Psychiatry https://​

doi.​org/​10.​3389/​fpsyt.​2019.​00825 (2019).
	74.	 Burin, D. et al. Comparing intensities and modalities within the sensory attenuation paradigm: Preliminary evidence. J. Adv. Res. 

8, 649–653 (2017).
	75.	 Fossataro, C. et al. Agent-dependent modulation of corticospinal excitability during painful transcutaneous electrical stimulation. 

Neuroimage 217, 116897 (2020).

https://doi.org/10.3389/fnhum.2016.00484
https://doi.org/10.3389/fnhum.2016.00484
https://doi.org/10.7554/eLife.42888
https://doi.org/10.1007/s40519-022-01397-4
https://doi.org/10.1007/s40519-022-01397-4
https://doi.org/10.1038/s41398-018-0218-3
https://doi.org/10.1038/s41398-018-0218-3
https://doi.org/10.1192/j.eurpsy.2019.5
https://doi.org/10.3389/fpsyt.2019.00825
https://doi.org/10.3389/fpsyt.2019.00825


11

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14176  | https://doi.org/10.1038/s41598-023-41345-5

www.nature.com/scientificreports/

	76.	 Stanghellini, G., Castellini, G., Brogna, P., Faravelli, C. & Ricca, V. Identity and eating disorders (IDEA): A questionnaire evaluating 
identity and embodiment in eating disorder patients. Psychopathology 45, 147–158 (2012).

	77.	 Garner, D. M. Eating Disorder Inventory-2; Professional Manual (Psychological Assessment Resources Inc, 1991).
	78.	 Beck, A. T., Ward, C. H., Mendelson, M., Mock, J. & Erbaugh, J. An inventory for measuring depression. Arch. Gen. Psychiatry 4, 

561–571 (1961).
	79.	 Klonsky, E. D. & Glenn, C. R. Assessing the functions of non-suicidal self-injury: Psychometric properties of the inventory of 

statements about self-injury (ISAS). J. Psychopathol. Behav. Assess. 31, 215–219 (2009).
	80.	 Spielberger, C. D. & Sydeman, S. J. State-trait anxiety inventory and state-trait anger expression inventory. In The Use of Psychologi-

cal Testing for Treatment Planning and Outcome Assessment (ed. Maruish, M. E.) 292–321 (L. Erlbaum Associates, 1994). https://​
doi.​org/​10.​1002/​97804​70479​216.​corps​y0943.

	81.	 Bernstein, E. & Putnam, F. W. Development, reliability, and validity of a dissociation scale. J. Nerv. Mental Dis. 174, 727–735 (1986).
	82.	 Demitrack, M. Relation of clinical variables to dissociative phenomena in eating disorders. Am. J. Psychiatry 147, 1184–1188 

(1990).
	83.	 Patton, J. H., Stanford, M. S. & Barrat, E. S. Factor structure of the Barratt impulsiveness scale. J. Clin. Psychol. 51, 768–774 (1995).
	84.	 Gratz, K. L. & Roemer, L. Multidimensional assessment of emotion regulation and dysregulation: Development, factor structure, 

and initial validation of the difficulties in emotion regulation scale. J. Psychopathol. Behav. Assess. 26, 41–54 (2004).
	85.	 Bernstein, D. P. & Fink, L. Childhood Trauma Questionnaire: A Retrospective Self-Report Manual (The Psychological Corporation, 

1998).
	86.	 Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: A practical and powerful approach to multiple testing on JSTOR. 

J. R. Stat. Soc. 57, 289–300 (1995).

Acknowledgements
The authors are grateful to all the patients and to all the participants involved in the study.

Author contributions
L.C., C.F. and F.G.: Conceptualization; M.B. and A.T.: Investigation; D.H, and C.F.: Data Curation and Formal 
Analysis; C.F.: Visualization; G.A.D., A.T. and P.L.: resources; L.C., C.F., D.H. and M.B.: Writing – original draft; 
A.T., G.A.D., P.L., F.G.: Writing – review & editing; L.C. and F.G.: Funding acquisition.

Funding
This work has been funded by Università degli Studi di Torino – Fondi di ricerca locale (grant number COLL_
RILO_20_01) to L.C. and MIUR-SIR 2014 (grant number RBSI146V1D) to F.G., and by the San Paolo Foundation 
2016 (grant number CSTO165140) to F.G.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.F.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1002/9780470479216.corpsy0943
https://doi.org/10.1002/9780470479216.corpsy0943
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Abnormal sense of agency in eating disorders
	Results
	Sensory attenuation results. 
	Self-report questionnaires results. 
	Correlation results. 

	Discussion
	Methods
	Participants. 
	Experimental procedure. 
	Electrical stimulation. 
	Self-report questionnaires. 
	Data analysis. 

	References
	Acknowledgements


