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Abstract
Disruptions in reward processing and anhedonia have long being considered as possible
contributors to the aetiology and maintenance of Anorexia nervosa (AN). Recently,
interoceptive deficits have also been observed in AN, including reduced tactile pleasure.
However, the extent to which this tactile anhedonia is specifically liked to an impairment in a
specialized, interoceptive C tactile system originating at the periphery, or a more top-down
mechanism in the processing of pleasant tactile stimuli remains debated. Here, we investigated
two related hypotheses. First, we examined whether the differences, between patients with AN
and healthy controls in the perception of pleasantness of touch stimuli delivered in a CToptimal manner versus a CT non-optimal manner would also be observed in patients recovered
from AN. This is important as tactile anhedonia in acute patients may be the secondary result
of prolonged malnutrition, rather than a deficit that contributed to the development of the
disorder. Second, we examined whether these three groups would also differ in their top-down,
anticipatory beliefs about the perceived pleasantness of different materials touching the skin,
and to what degree such top-down beliefs and related impairments in alexithymia and
interoceptive sensibility would explain any differences in perceived tactile plesantness. To this
end, we measured the anticipated pleasantness of various materials touching the skin and the
perceived pleasantness of light, dynamic stroking touches applied to the forearm of 27 women
with AN, 24 women who have recovered and 30 healthy controls using C Tactile (CT)
afferents-optimal (slow) and non-optimal (fast) velocities. Our results showed that both clinical
groups anticipated tactile experiences and rated delivered tactile stimuli as less pleasant than
healthy controls, but the latter difference was not related to the CT optimality of the stimulation.
Instead, differences in how CT optimal touch were perceived were predicted by differences in
top-down beliefs, alexithymia and interoceptive sensibility. Thus, this study concludes that
tactile anhedonia in AN is not the secondary result of malnutrition but persists as a trait even
after otherwise successful recovery of AN and also it not linked to a bottom-up interoceptive
deficit in the CT system, but rather to a learned, defective top-down anticipation of pleasant
tactile experiences.
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1. Introduction
Anorexia Nervosa (AN) is an eating disorder characterized by restriction of energy
intake, by either avoiding food consumption (particularly in the “restricting-type” of AN), or
purging (particularly in the “binge-eating/purging-type”), intense fear of gaining weight,
disturbances in the experience of one's own body weight or shape and unawareness of such
disturbances (DSM-5, 2013). The associated malnutrition can have both cognitive (e.g. altered
judgment and decision making) and physiological consequences (e.g. amenorrhea, reviewed
by Zakzanis, Campbell & Polsinelli, 2010). Although several psychological and
pharmacological treatments have been developed in the past two decades, outcomes in AN
remain poor, with high rates of attrition, and frequent relapse (Carter, Blackmore, SutandarPinnock, & Woodside, 2004; Steinhausen, 2002). Despite advances in the understanding of the
heterogeneity of AN, it is still unclear whether some dysfunctions, such as serotonin (Haleem,
2012; Kaye, Fudge, & Paulus, 2009), or dopamine abnormalities (Avena & Bocarsly, 2012;
Kaye, Wierenga, Bailer, Simmons, & Bischoff-Grethe, 2013; Scheurink, Boersma, Nergardh,
& Sodersten, 2010) are a cause or consequence of malnutrition. It is also unknown whether
individuals with anorexia nervosa have a primary disturbance of appetite regulation (including
sensory, hedonic and motivational aspects of feeding) or whether pathological feeding behavior
is secondary to other phenomena, such as an obsessional preoccupation with body image. For
example, there are different and conflicting theoretical hypothesis about the precise role of
dopamine in AN, with some suggesting that food restriction itself is rewarding in AN, while
others indicate that the more general lack of sensory pleasure experienced by patients with AN
contributes to their ability to forgo the pleasure of food (Keating, 2010; Kontis & Theochari,
2012; Walsh, 2013). Given this uncertainty regarding the rewarding value of food in AN,
several studies have used monetary reward as a way to understand the mechanisms underlying
patients’ response to and learning from reward and punishment (e.g. Decker et al., 2015;
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Bernardoni et al., 2018). However, it has become apparent that performance in such generic
tasks can be differentially influenced by various physiological parameters (e.g. Fisher &
Rangel, 2014; Wierenga et al., 2015) that need to be taken into account in AN studies.
Indeed, abnormalities have been found in several physiological domains, including
altered subjective and neural responses to physiological sensations, such as taste (Oberndorfer
et al., 2013; Wagner et al., 2008; Cowdrey et al., 2011), hunger signalling (Monteleone, P. &
Maj, 2013), heartbeat detection (Pollatos et al., 2008; Kerr et al., 2016), aversive breathing load
(Berner et al., 2017), pain (Strigo et al., 2015) and affective touch (Crucianelli et al., 2016;
Davidovic et al., 2018). These are domains of interoception, defined as the ability to sense and
process the physiological condition of one’s body (Craig, 2002). Interoception lies at the heart
of the physiological components of emotion (Craig, 2009) and forms the core of the embodied
basis of self-representation (Garfinkel et al., 2013). Accordingly, it has been proposed that in
AN (Khalsa et al., 2015), as in several other psychopathologies (Paulus & Stein, 2006; 2010;
Khalsa et al., 2015; 2018), there is a dysregulated ability to adequately predict, sense and
modulate what is happening in the physiological state of the body, resulting in symptoms such
as alexithymia (Shah et al., 2016), increased self-related worry and poor self-efficacy (Stephan
et al., 2016), and dysfunctional learning about bodily states over time (van den Bergh, 2017).
There is however some evidence suggesting that differential modalities of interoception
may have a distinct effect on body awareness (Crucianelli et al., 2018). Moreover, while some
afferent signals are hedonically neutral (e.g. heart rate), others such as noxious or gentle skin
stimulation tend to also convey hedonic and motivational signals. Of interest here, ‘affective
touch’, hereafter referring to a specialised tactile modality of gentle, stroking touch, thought to
be (at least partly, see Marshall et al., 2019) mediated peripherally by unmyelinated, slowconducting C-tactile (CT) afferents (Löken et al., 2009) and to be centrally processed by an
interoceptive pathway converging at the insular cortex (Morrison, 2016; Kirsch et al., 2020),

4

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

has been associated with subjective sensations of skin pleasure (Löken et al., 2009) and related
behavioural measures (Pawling et al., 2017).
Moreover, while in a first consideration gentle, affective pleasant touch may not appear
as symptom-specific as some of the other tested modalities of interoception (e.g., gut
monitoring, hunger), recent findings in the field suggests that CT-optimal affective may be
uniquely relevant to one’s bodily self-representation (Gentsch et al., 2016; Ciaunica &
Fotopoulou, 2017). Specifically, CT-optimal touch has been found to increase embodiment
during multisensory integration tasks such as the rubber hand illusion (Crucianelli et al., 2013,
2018; Lloyd et al., 2013; van Stralen et al., 2014) and the enfacement illusion (Panagiotopoulou
et al., 2017). Moreover, CT-optimal, affective touch has been found to enhance feelings of
body ownership in right-hemisphere patients with delusions of disownership (Jenkinson et al.,
2019).
These considerations have led to three independent investigations of the anticipation
and perception of CT-optimal, affective touch in AN. First, our group showed that 25 patients
with acute, restrictive-type AN perceived gentle skin stroking touch at CT-optimal velocities
as less pleasant relative to 30 healthy controls (HC), while there was no such difference for
CT-suboptimal velocities (Crucianelli et al., 2016), suggesting that individuals with AN have
abnormalities in the perception of the pleasantness of CT-mediated, affective touch. Davidovic
and colleagues (2018) provided further behavioural support for this conclusion, showing that
25 patients with AN rated CT-optimal touch as less pleasant than a group of matched healthy
controls. Functional neuroimaging results were mixed. While they found no differences
amongst the two groups in the activation of insular cortex when examining the contrast between
the condition of gentle touch and no stimulation, they did observe a relative hypoactivation of
the left caudate nucleus, part of the reward-relevant circuitry of the striatum, in individuals
with AN.
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A third study (Bischoff-Grethe et al., 2018) focused on 18 individuals recovered from
AN (RAN; both types) with a functional neuroimaging (fMRI) paradigm that included an
anticipation phase (cues of the location of impending tactile stimulus) in addition to
behavioural ratings of affective touch pleasantness in two locations, forearm (containing CT
fibers) and palm (not containing CT fibers). While some differences in how RAN individuals
anticipate both CT and non-CT touch were observed in this study, contrary to the above studies,
the RAN group did not rate the pleasantness of CT- touch as less pleasant than controls and
there were not any CT-specific neuroimaging findings at the group level. When individual traits
were taken into account, individuals with RAN and with higher harm avoidance scores had
lower BOLD responses during forearm touch anticipation in right ventral mid-insula, while
other clinical variables, such as lower historical BMI and longer illness duration led to altered
insula BOLD responses during CT touch, but these clinical severity-related clusters did not
overlap with any task related clusters. While these findings suggest that deficits in both the
anticipation and the perception of CT optimal touch may relate to some of the features of AN,
caution is required when individual differences in such a small group are tested. In conclusion,
this study tested individuals RAN and did not confirm the findings of the previous two studies
in the sense that RAN individuals did not differed from controls in their subjective and neural
responses to CT-mediated touch.
The above discrepancies between the studies may relate to the different paradigms and
samples used. In this study, we aim to address such differences and put forward a related, new
hypothesis about the perception of CT-mediated, affective touch in AN. Firstly, we used a
paradigm that assessed both the perception of CT-optimal touch and top-down beliefs about
pleasantness. Specifically, we asked participants to think about being touched by soft or rough
material on the skin and to provide estimates of pleasantness of such experience. Next,
participants were asked to rate the pleasantness of different brush strokes delivered at different
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CT-optimal and CT-suboptimal velocities on their forearm while blindfolded. We expected
patients with AN to anticipate and perceive tactile stimuli as less pleasant than controls and we
expected their reduced pleasantness ratings to be explained by less differentiation in the
pleasantness perception between CT-optimal and suboptimal tactile stimuli. We then
investigated the relationship between the performance at the two tasks to explore to what extent
anticipatory beliefs about tactile pleasantness, and related deficits in alexithymia and
interoceptive sensibility in the AN group might influence the pleasantness of actual tactile
experiences. Secondly, we recruited both acute and recovered AN individuals (restrictive type)
and examined whether the above hypotheses applied also to recovered patients in comparison
to healthy controls. Testing recovered, as well as acute patients in eating disorders research is
of high importance as the malnutrition in the acute stages of illness can itself cause cognitive
and emotional deficits and hence it is not possible to determine whether abnormalities in
perceiving pleasure and other symptoms are a cause or a consequence of starvation. In brief,
this study aimed to investigate (1) whether the anticipation and perception of pleasant touch
would be reduced in patients who have recovered from AN as well as in patients with acute
AN compared to healthy controls; (2) whether this tactile anhedonia will be best explained by
deficits in the CT-afferent system, top-down beliefs about the pleasantness of affective touch,
or their combination.

2. Methods
2.1. Participants
Twenty-seven female participants with restrictive type AN and twenty-four patients who have
recovered from restrictive type AN (RAN) were recruited from the Day care Unit of St Paolo’s
Hospital in Milan and from Comunità Villa Miralago in Cuasso al Monte (VA), and Casa di
Cura Villa Margherita in Arcugnano, Italy. All patients were formally diagnosed (Diagnostic
and Statistical Manual of Mental Disorders: Fifth Edition, DSM-V, American Psychiatric
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Association, 2013) by a psychiatrist. Inclusion criteria for the AN group, beyond AN restrictive
type diagnosis, included a BMI below 18.5 (Table 1). As in previous studies, AN recovery was
defined as being weight-restored (BMI above 18.5), regular menstrual cycles and no binge
eating, purging, or restrictive eating patterns for at least 1 year before the study (e.g. Wierenga
et al. 2015). Twenty-seven matched heathy controls (HC) of Italian nationality were also
recruited. Exclusion criteria for the HCs included any history of psychiatric or neurological
condition. Exclusion criteria for all the groups included being left-handed, being below 18 or
above 45 years, having any medical conditions that result in skin conditions (e.g. psoriasis,
eczema, etc) or any visible scar on the left forearm, and any substance abuse. Institutional ethics
approval was obtained, and all participants provided written informed consent to participate.
All participants received a €10 voucher, £10 in cash or University credits.

Table 1. Clinical profile of the Anorexia Nervosa (AN) and Recovered Anorexia Nervosa (RAN) groups.
Years of Illness
Age of Onset
Years from Recovery
Psychiatric comorbidities

Psychiatric Treatment
Other comorbidities and treatment

AN
10.92 [10.23]
17.23 [4.45]
N/A
5 depression
2 bipolar disorder
8 anxiety disorder
2 OCD
4 Borderline PD
7 multiple comorbidities

RAN
4.18 [2.92]
16.78 [2.7]
2.97 [3.11]
8 depression
8 anxiety disorder
3 OCD
2 Borderline PD

14 SSRIs
2 tranquilizers
2 hypothyroidism
2 osteoporosis
dietary supplements

6 SSRIs
3 tranquilizers

2.2.Psychometric Assessments
All participants completed the subscale “interoceptive awareness” from the Eating Disorder
Inventory-2 [EDI-2; (Garner, 1984; Thiel & Paul, 2006)]. This subscale focused on the
subjective identification of bodily signals, such as hunger and satiety. Questions are rated on a
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six-point scale, ranging from 1 (never) to 6 (always). High scores indicate potential issue with
interoceptive awareness. They also completed the Body Awareness Questionnaire (BAQ) and
the Toronto Alexithymia Scale (TAS-20).
The BAQ is a self-report measure of interoceptive sensibility (Shield, Mallory & Simons,
1989), consisting in 18 items assessing the subject’s sensitivity to physiological body processes
to be replied to on a 7-point likert scale (from 1 = “Not at all true of me” to “7 = Very true of
me”). Four subscales were calculated: (i) Note Response or Changes in Body Process; (ii)
Predict Body Reaction; (iii) Sleep-Wake Cycle; (iv) Onset of Illness.
The TAS-20 is a well-validated self-report measure of alexithymia (Bagby, Taylor, & Parker,
1994), where participants are asked to rate their agreement to 20 statements on a 5-point likert
scale (ranging from 1 = “strongly disagree” to “5 = strongly agree”). A total score above 61
(out of a maximum of 100) is considered a cut-off score of alexithymia. Three sub-scores were
calculated, assessing: (i) Difficult Identifying Feelings (DIF); (ii) Difficulties Describing
Feelings (DDF); (iii) Externally-Oriented Thinking (EOT).

2.3.Experimental procedure
Upon arrival, participants were given the information sheet and they were asked to sign the
consent form, before completing the questionnaires: demographic, EDI, BAQ and TAS. Next,
participants were familiarised with the rating scale, ranging from 0 (not at all pleasant) to 100
(extremely pleasant). Participants were invited to use the entire scale and to say any number
between 0 and 100. As part of the familiarisation phase, participants were asked to think about
being touched by two soft (i.e. cotton and velvet) and two rough objects or material (i.e. thorn
and sandpaper) on their forearm and to rate the hypothetical related pleasantness (i.e. “How
pleasant would it be to be touched by ‘cotton’ on your forearm?”). The order of the materials
was counterbalanced between participants. This allowed us to collect a measure of anhedonia
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prior to the completion of the affective touch task, and also to make sure that participants fully
understood how to use the rating scale (Figure 1).

Figure1. Schematic representation of the study procedure. All participants completed the same experimental
procedure. 1. First, they were asked to answer four hypothetical questions about imagined touch, such as “How
pleasant would it be to be touched by velvet on your skin?” using the VAS scale ranging from 0, not at all, to 100,
extremely pleasant. 2. Participants were then asked to put on a blindfold before the experimenter delivered the
touch on the left forearm (dorsal part) at CT-optimal, borderline or non-CT optimal velocities (in randomized
order). Each touch lasted 3 seconds and was repeated 3 times for each velocity for a total of 15 trials. After each
touch, participants were asked to rate the pleasantness of the touch using the same rating scale of part 1.

Then, participants were asked to place their left arm palm facing down on a table, with the
experimenter sitting in front of them. The experimenter marked two adjacent stroking areas,
each measuring 9cm long x 4cm wide, with a washable marker on the hairy skin of their
forearm as in previous studies (wrist crease to elbow; Crucianelli et al., 2013, 2016, 2018).
Participants were provided with wet wipes at the end of the testing session to remove the marks.
The experimenter delivered the touch in the proximal-to-distal direction on these two marked areas
using a soft cosmetic make-up brush (Natural hair Blush Brush, N. 7, The Boots Company) at five
different speeds: two CT-optimal (3 cm/s and 6 cm/s), one borderline (9 cm/s) and two not CToptimal (18 cm/s and 27 cm/s). The experimenter was trained to deliver the touch at the exact speed
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by counting the number of strokes within the tactile stimulation window of 3 seconds (e.g. 1 stroke,
3-seconds-long for the 3 cm/s velocity and 6 strokes, each 0.5-seconds-long for the 18 cm/s
velocity). Moreover, stimulation was alternated between the two areas on participant’s forearm to
minimize habituation (Crucianelli, Metcalf, Fotopoulou, & Jenkinson, 2013), and because CT
fibres are easily fatigued (Vallbo, Olausson, & Wessberg, 1999). Additionally, delivering the touch
inside the delineated rectangular spaces allowed the experimenter to be constant not only in space,
but also in force/pressure by controlling the lateral spreading of the brush bristles.
Three trials for each speed, for a total of fifteen trials, have been delivered to each participant. The
order of conditions was randomized across participants, and after each trial participants used the
rating scale ranging from 0 (not at all pleasant) to 100 (extremely pleasant) to judge the pleasantness
of the tactile sensation. To avoid any visual feedback of the tactile stimuli or distractions,
participants were asked to wear a disposable blindfold throughout the affective touch task.

2.4.Design and data analysis
Main Analyses
Our task on tactile pleasantness anticipation had a 3 (Group: AN vs. RAN vs. HC) x 2
(Material: soft vs. rough) mixed factorial design, with repeated measures on the latter factor.
Participants had to estimate the pleasantness of the material just by imagining it, without having
any visual or tactile information about the material or object. The pleasantness score of the two
soft and rough materials were then averaged to obtain one pleasantness score for soft and one
score for rough touch. Our task on tactile pleasantness perception had a 3 (Group: AN vs. RAN
vs. HC) x 3 (Stroking Velocity: Optimal: 3cm/s, 6cm/s vs. Borderline: 9cm/s vs. Suboptimal:
18cm/s, 27cm/s) mixed factorial design, with repeated measures on the latter factor. The
pleasantness scores of the two slow (3 and 6cm/s) and the two fast (18 and 27cm/s) velocities
were averaged to obtain one value of pleasantness for slow/CT-optimal and one value for
fast/CT-non-optimal touch, which were then compared to the borderline velocity and between
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them. In both the parts of the experiment, the dependent variable was the perceived
pleasantness of touch, as measured by means of a pleasantness rating scale ranging from 0 (not
at all pleasant) to 100 (extremely pleasant). The scale was presented visually, and participants
were responding verbally by choosing a number between 0 and 100.
Statistical analyses were conducted with SPSS version 25.0. The data were tested for normality
by means of the Shapiro-Wilk test and found to be non-normal (p < .05). Subsequent Log,
Square Root and Reciprocal transformations did not correct for the normality violations,
therefore appropriate non-parametric tests were used to analyze the data (described below).
Bonferroni-corrected planned contrasts were used to follow up significant effects and
interactions. To assess whether there was a difference between groups in the anticipation of
pleasantness of different materials, we computed the difference between soft and rough, and
run an analysis to check any effect of group on this differential score, and if significant we
followed up with Bonferroni-corrected, comparisons on this differential between the HC and
the two clinical groups separately. Similarly, to assess whether there was a difference between
groups in the perception of affective touch specifically in relation to the CT afferents system,
we computed the difference between slow and fast velocities and examine the effect of group
on this differential. If significant, we followed up with Bonferroni-corrected comparisons on
this differential between HCs and the two clinical groups separately.

Exploratory Analyses
In exploratory (due to the relatively small sample size for such analyses) regression analyses,
we explored whether anticipatory beliefs about the pleasantness of soft and rough materials
and related symtpoms of alexithymia and poor interoceptive sensibility in AN (see below)
could predict the perception of CT-optimal and suboptimal touch in each group and their
difference. Specifically, we conducted three multiple regressions to explore to what extent the
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estimated pleasantness of rough and soft materials and EDI, BAQ and TAS scores in each
group could predict the perceived pleasantness of CT-optimal touch and separately that of
borderline and CT-non-optimal touch.
Next, a multiple regression was run to explore whether the estimated pleasantness of rough and
soft materials and EDI, BAQ and TAS scores were significant predictors of tactile sensitivity
(difference in pleasantness between slow/CT-optimal touch and fast/CT-non-optimal touch).
We conducted this regression in the three groups separately.

Results
2.5.Demographic and mood
Demographic and clinical measures are summarized in Table 2. The three groups did not differ
significantly in their age; however, as expected, the BMI was significantly higher in the HC
and RAN groups compared to the AN group. In addition, the TAS questionnaire indicated
significantly higher alexithymia scores in the AN group compared to HCs and RANs, in line
with previous research (e.g. Torres et al., 2015). As expected, the interoceptive awareness’
score of the EDI were significantly higher in people with AN compared to RAN and HC,
suggesting an impairment in interoceptive sensibility (Pollatos et al., 2008). A similar pattern
was observed in the BAQ questionnaire but there were no significant differences between the
groups.

Table 2. Summary of demographic and clinical measures. Values provided are means and standard deviation (in
parentheses). ** p <.001 difference between groups.
Group

AGE

BMI

BAQ

EDI

TAS

AN (27)

28.40 (10.44)

14.89 (3.41)

3.93 (1.01)

3.68 (1.04)

60.19 (15.37)

RAN (24)

24.25 (4.51)

20.15 (2.97)

4.32 (1.03)

2.87 (1.02)

49.29 (15.46)

HC (27)

24.48 (4.61)

21.39 (3.04)

4.58 (0.85)

2.18 (0.59)

40.04 (7.97)

0.75

< 0.01**

0.05

< 0.01**

< 0.01**

p
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2.6. Pleasantness ratings
Kolmogorov-Smirnoff test run on the main variables of interest (i.e. all pleasantness scores)
showed that both the estimation of pleasantness of materials and the touch pleasantness had a
distribution that deviated from normality (all ps between 0.001 and 0.06). None of the
transformations performed on the variables (log transformation, square root transformation and
reciprocal transformation) corrected the data in a way that suited a normal distribution.
Therefore, data were analysed using non-parametric tests.

The Anticipation of Tactile Affectivity
First, the pleasantness scores of the two soft and the two rough materials were averaged to
obtain one value for soft and one value for rough materials/objects. To explore the main effect
of material, we compared the estimation of pleasantness of soft vs. rough materials, regardless
of group. A Wilcoxon Signed Ranks Test revealed a significant main effect of material (Z = 7.35, p < .001), with soft material/objects (M = 67.5; SE = 10.61) been rated as significantly
more pleasant than rough materials/objects (M = 10.00; SE = 2.30).
To investigate the main effect of group, we compared the anticipation of pleasantness of the
three groups regardless of material. A Kruskal-Wallis Test revealed that group had no effect
on anticipation (2(2) = 3.55; p = 0.169) with a mean rank of anticipation of tactile effectivity
of 38.76 for AN group, 33.60 for RAN group and 45.48 for HC group.
Next, to investigate the interaction between group and material, we calculated the differential
between the estimation of pleasantness of soft and rough material to obtain one value indicative
of the sensitivity of each participant. We then investigated the effect of group on this sensitivity
score. A Kruskal-Wallis test showed that group had a significant effect on this difference
(2(2)=15.30, p <.001) with a mean rank of 27.61 for AN group, 39.17 for RAN group and
51.69 for HC group. Post hoc analyses were run by pairwise comparisons with adjusted p-
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values (α = 0.025). Results of Mann-Whitney U tests showed a significant difference in the
estimation of pleasantness of soft vs. rough materials between AN patients and HCs (U =
150.50, p < 0.01) but not between RAN and HCs (U = 209, p = 0.029; just a trend).

Figure 2. Estimation of pleasantness of soft and rough materials/objects between the three groups: women with
anorexia nervosa (AN), women who have recovered from anorexia nervosa (RE) and matched healthy controls
(HC).

The Perception of Tactile Affectivity
To explore the main effect of velocity, we compared the estimation of pleasantness of slow vs.
borderline vs. fast velocities, regardless of group. A Friedman Test revealed a significant main
effect of velocity (Chi-Square (2) = 78.76, p < .001), with slow (M = 69.0 ; SE = 2.77) and
borderline (M = 73.3; SE = 2.83) touch been rated as significantly more pleasant than fast (M
= 44.17; SE = 2.68) touch (see Figure 3), in line with previous studies (Crucianelli et al., 2018).
A Kruskal-Wallis test showed a significant main effect of group on the total touch pleasantness
ratings (2(2) = 9.31, p = 0.01), with a mean rank score of 32.93 for AN, 34.85 for RAN and
50.20 for HCs. Bonferroni corrected post-hoc analyses (α = 0.025) revealed that HCs (M =
15
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67.3; SE = 2.90) perceived touch as significantly more pleasant than AN (M = 50.0; SE = 5.03)
(Z = -2.60; p = 0.009) and RAN (M = 48.3; SE = 4.50) (Z = -2.61, p = 0.008) regardless of
velocity. (see Figure 3). To investigate the interaction between velocity and group, we
calculated the differential between the pleasantness scores of slow and fast touch to obtain a
value indicative of the CT pleasantness sensitivity of each participant. We then investigated
the effect of group on this sensitivity score. A Kruskal-Wallis test showed non-significant
interaction between group and velocity (2(2) = 1.57, p = 0.46), with a mean rank score of
36.69 for AN, 37.75 for RAN and 43.87 for HCs. So, although HCs rated CT-optimal touch as
more pleasant than the clinical groups on average, the groups did not differ significantly in how
the rated the pleasantness of CT-optimal (slow) vs. non-optimal (fast) touch.
We have also run a separate post-hoc analysis on the effect of group on the borderline velocity
only, which has been found to be interoceptively relevant (Crucianelli et al., 2018). A KruskalWallis test showed a non-significant main effect of group on the total touch pleasantness ratings
(2(2) = 5.40, p = 0.07), with a mean rank score of 34.67 for AN, 35.75 for RAN and 47.67 for
HCs.

Figure 3. Pleasantness ratings for the five velocities for the three groups: women with anorexia nervosa (AN),
women who have recovered from anorexia nervosa (RAN) and matched healthy controls (HC).
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Exploratory analyses
In exploratory (due to the relatively small sample size for such analyses) multiple regression
analyses, we explored whether anticipatory beliefs about the pleasantness of soft and rough
materials and related symtpoms of alexithymia and poor interoceptive sensibility in AN could
predict the perception of CT-optimal and suboptimal touch in each group and their difference.
One of the assumptions of regression is that the residuals, rather than the actual variable, must
be normally distributed, and this criterion was met.
We ran three multiple regressions to explore whether estimation of pleasantness, TAS, BAQ
and EDI were significant predictors of tactile pleasantness at CT-optimal, borderline and CTnon-optimal velocities, separately. We repeated these three regressions for each group. We
found a significant regression equation for CT-optimal touch in AN (R = 0.746, R2 = 0.434, F
(5, 23) = 4.53, p= 0.008) and in RAN (R = 0.766, R2 = 0.586, F (5, 21) = 4.53, p= 0.009) but
not in the HCs group (R = 0.562, R2 = 0.316, F (5, 25) = 1.85, p = 0.149). The results for the
borderline velocity, showed a significant regression equation for RAN (R = 0.718, R2 = 0.516,
F (5, 21) = 3.41, p = 0.027). Results for HCs (R = 0.627, R2 = 0.394, F (5, 25) = 2.60, p= 0.058)
and AN (R = 0.638, R2 = 0.407, F (5, 23) = 2.47, p = 0.072) showed trends to significance. In
terms of CT-non-optimal touch, we found a significant regression equation for AN (R = 0.680,
R2 = 0.462, F (5, 23) = 3.09, p = 0.035). Results for HCs (R = 0.628, R2 = 0.394, F (5, 25) =
2.60, p= 0.057) and RAN (R = 0.670, R2 = 0.449, F (5, 21) = 2.61, p = 0.066) showed trends
to significance. Full results are reported on Table 3.
Next, we run three multiple regressions with beliefs of pleasantness, TAS, BAQ and EDI as
predictors and the differential between slow and fast (tactile sensitivity) as outcome measure
in the AN, RAN and HCs group separately. In the AN group, results showed a non-significant
regression equation (R = 0.482, R2 = 0.233, F (5, 23) = 1.09, p = 0.398). Similarly, we found a
non-significant regression equation for the RAN group (R = 0.579, R2 = 0.335, F (5, 21) = 1.61,
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p = 0.213). However, we found a trend to significance for the equation in the HCs group (R =
0.629, R2 = 0.396, F (5, 25) = 2.62, p = 0.056, see Table 3).
Table 3. Unstandardized coefficient B, standard error of B, standardised coefficient β and p values are reported.
* indicates p <0.05 **indicates p < 0.01
ANOREXIA NERVOSA
CT-optimal touch

B

SE B

Β

P

Soft material

0.34

0.24

0.26

0.18

Rough material

0.31

0.19

0.29

0.13

EDI

-10.53

5.78

-0.40

0.08

BAQ

-11.96

4.73

-0.44

0.02*

TAS

-0.25

0.36

-0.14

0.49

Borderline

B

SE B

Β

P

Soft material

0.20

0.29

0.15

0.48

Rough material

0.26

0.23

0.24

0.27

EDI

-6.07

6.82

-0.22

0.39

BAQ

-11.46

5.58

-0.42

0.27

TAS

-0.48

0.42

-0.27

0.27

CT-non-optimal touch

B

SE B

Β

P

Soft material

0.01

0.24

0.01

0.95

Rough material

0.34

0.19

0.35

0.10

EDI

-6.73

5.73

-0.28

0.26

BAQ

-6.42

4.69

-0.27

0.19

TAS

-0.54

0.35

-0.34

0.14

Tactile sensitivity

B

SE B

Β

P

Soft material

0.32

0.21

0.38

0.13

Rough material

-0.03

0.16

-0.04

0.87

EDI

-3.80

4.91

-0.22

0.45

BAQ

-5.54

4.02

-0.32

0.18

TAS

0.29

0.30

0.26

0.34

RECOVERED ANOREXIA NERVOSA
CT-optimal touch
Soft material

B
0.07

SE B
0.03

Β
0.47

P
0.02*

Rough material

0.19

0.40

0.10

0.64

EDI

15.64

9.30

0.66

0.11

BAQ

15.40

4.50

0.65

0.003**

TAS

-0.47

0.61

-0.30

0.45

Borderline touch

B

SE B

Β

P

Soft material

0.07

0.03

0.44

0.04*

Rough material

0.20

0.47

0.10

0.66

EDI

10.94

10.70

0.44

0.32

BAQ

15.60

5.17

0.61

0.008**
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TAS

-1.23

0.63

-0.75

0.07

CT-non-optimal touch

B

SE B

Β

P

Soft material

0.04

0.03

0.33

0.14

Rough material

-0.32

0.42

-0.18

0.45

EDI

23.11

9.66

1.09

0.03*

BAQ

12.48

4.67

0.58

0.02*

TAS

-1.42

0.56

-1.01

0.02*

Tactile sensitivity

B

SE B

Β

P

Soft material

0.02

0.02

0.30

0.21

Rough material

0.51

0.30

0.44

0.11

EDI

-7.46

6.96

-0.54

0.30

BAQ

2.92

3.36

0.21

0.40

TAS

-0.07

0.41

-0.08

0.86

HEALTHY CONTROLS
CT-optimal touch

B

SE B

Β

P

Soft material

0.45

0.27

0.38

0.10

Rough material

0.06

0.15

0.07

0.70

EDI

6.11

5.20

0.27

0.25

BAQ

-1.84

3.70

-0.12

0.62

TAS

-0.63

0.42

-0.38

0.15

Borderline

B

SE B

Β

P

Soft material

0.58

0.27

0.45

0.04*

Rough material

0.08

0.15

0.09

0.62

EDI

7.29

5.63

0.30

0.21

BAQ

-3.09

3.79

-0.18

0.42

TAS

-0.68

0.43

-0.37

0.13

CT-non-optimal touch

B

SE B

Β

P

Soft material

0.72

0.41

0.37

0.09

Rough material

0.11

0.23

0.08

0.65

EDI

15.83

8.46

0.43

0.08

BAQ

-4.87

5.70

-0.19

0.40

TAS

-0.04

0.65

-0.02

0.95

Tactile sensitivity

B

SE B

Β

P

Soft material

-0.27

0.32

-0.18

0.41

Rough material

-0.05

0.18

-0.05

0.79

EDI

-10.44

6.70

-0.35

0.13

BAQ

3.02

4.15

0.15

0.51

TAS

-0.68

0.49

-0.05

0.18
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3. Discussion
This study aimed to investigate (1) whether the anticipation and perception of pleasant
touch would be reduced in patients who have recovered from AN as well as in patients with
acute AN compared to healthy controls; (2) whether this tactile anhedonia will be best
explained by deficits in the CT-afferent system, top-down beliefs about the pleasantness of
affective touch, or their combination. The results confirmed our first prediction, showing that
individuals with and recovered from AN anticipated and perceived affective touch as overall
less pleasant compared to healthy controls. However, contrary to our predictions and two
previous studies (Crucianelli et al., 2016; Davidovic et al., 2018), the reduction in the perceived
tactile pleasantness was not specific to the CT-optimal (i.e. slow) stroking velocities but was
also observable to a lesser degree in non-CT optimal touch. Also, contrary to our prediction
there was a group by material interaction in the anticipation of affective touch, mainly driven
by the fact that the HCs showed a larger than the AN group differentiation between how
pleasant they expect soft materials to feel in comparison to rough materials, with the difference
between HCs and RAN not reaching significant levels. Interesting, exploratory analyses
revealed that these anticipatory beliefs predicted individual differences in the perceived
pleasantness of CT-optimal but not non-CT optimal touch within these two latter groups (in
addition to alexithymia and interoceptive sensibility in the RAN group), but not in the AN
group. Instead, individual differences in the perceived pleasantness of CT-optimal in the AN
group were predicted only by interoceptive sensibility scores. We discuss these findings in
detail below.
Our results regarding the reduced perceived pleasantness of gentle touch in individuals
with and recovered from AN are consistent with long-standing findings regarding anhedonia
in AN, now extending them to the tactile domain. People with AN show reduced pleasure for
a range of stimuli, such as food (Davis & Woodside, 2002), amusing stimuli and sexual activity
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(Tchanturia, et al., 2012). Anhedonia also correlates with strenuous physical exercise in this
population (Davis & Woodside, 2002) and several studies have suggested that the reduced
reward sensitivity in AN is coupled with an increase tendency for cognitive and behavioural
control, including the control of one’s energy intake (Wagner et al., 2007; Kaye al., 2013).
Moreover, the fact that this tactile anhedonia was observed in both recovered, as well as acute
patients with AN suggests that the symptom is not a secondary consequence of starvation, but
it may be a trait that persists even after recovery.
However, contrary to our prediction, we did not find evidence to support the idea that
the observed tactile anhedonia was related to abnormalities of the CT system, a tactile modality
thought to be mediated peripherally by unmyelinated, slow-conducting C-tactile (CT) afferents
(Löken et al., 2009) and to be centrally processed by an interoceptive pathway converging at
the insular cortex (Morrison, 2016; Kirsch et al., 2020). Although our clinical groups showed
reduced perceived pleasantness for CT-optimal stimulation in comparison to healthy
volunteers, this finding applied for non-CT-optimal touch too. More broadly, while
microneurography and psychophysical investigations have indicated that C-tactile afferents
have peak firing rates that positively correlate with the perceived touch pleasantness of gentle
touch (Löken et al., 2009), a recent study showed that spinothalamic ablation in humans had
no effect on pleasant touch perception, suggesting a more integrated hedonic and discriminative
spinal processing from the body (Marshall et al., 2019). Thus, future studies in AN need to
explore further tactile and interoceptive modalities in order to draw firm conclusions about the
mechanisms that cause tactile anhedonia in this population.
A further unexpected finding in our study may begin to address such complexity in how
the affectivity of touch is perceived in AN. Specifically, patients with acute AN, and in nonsignificant levels also individuals recovered from AN, showed reduced pleasantness
differentiation in how they imagined soft versus rough material touching their skin. In other
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terms, the sensory anhedonia observed in this study may not be a mere matter of how bottomup sensory signals travel to the brain, but may also be affected by abnormalities in top-down,
expectations. This is consistent with a recent study finding both behavioural and neural
abnormalities in how a small sample of RAN patients anticipated CT-optimal touch (BischoffGrethe et al., 2018). More broadly, this finding is consistent with the idea that in AN (Khalsa
et al., 2015) there is a dysregulated ability to adequately predict and cognitively represent and
regulate what is happening in the physiological state of the body, resulting in symptoms such
as alexithymia (Shah et al., 2016).
Indeed, our exploratory analyses revealed that while the perceived pleasantness of CToptimal touch in HCs was predicted by their ability to differentiate the sensory consequences
of different tactile materials, the ratings of patients with acute AN were predicted only by their
interoceptive sensibility scores, while those of the RAN group were predicted by both factors.
These results further suggest that tactile anhedonia in AN may be secondary to impairments of
bodily signals identification, expression and regulation, but given the relatively small size of
our samples these findings will need to be explored further in future studies.
In conclusion, this study found that the anticipation and perception of pleasant touch is
reduced in patients who have recovered from AN as well as in patients with acute AN compared
to healthy controls, but this tactile anhedonia is not best explained by deficits in the CT-afferent
system. It appears that top-down beliefs about the pleasantness of affective touch are also
affected in this disorder and tactile anhedonia is best explained in reference to concomitant
symptoms of interoceptive sensibility.

22

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Authors Contributions
LC, BD and AF conceived and designed the experiment. LC, BD, AS, DG and VN performed
data collection. OG, SB and PT supported the clinical recruitment of individuals with and
recovered from Anorexia Nervosa. LC analysed the data, under supervision of AF. LC, BD,
AS and AF wrote the manuscript. All the authors approved the manuscript before submission.

Acknowledgements
We thank all the patients for their kindness and willingness to take part in the study. Authors
would like to thank Ilia Galouzidi for assistance with data entering. The study was supported
by a “European Research Council Consolidator Award” [ERC- 2018-COG-818070] to A.K.
and a Neuropsychoanalysis Foundation grant to L.C.

Disclosures
Authors declare no financial interests or potential conflicts of interest.

23

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

References
Avena, N. M., & Bocarsly, M. E. (2012). Dysregulation of brain reward systems in eating
disorders: neurochemical information from animal models of binge eating, bulimia
nervosa, and anorexia nervosa. Neuropharmacology, 63(1), 87-96.
Bagby, R. M., Taylor, G. J., & Parker, J. D. (1994). The twenty-item Toronto Alexithymia
Scale—II.

Convergent,

discriminant,

and

concurrent

validity. Journal

of

psychosomatic research, 38(1), 33-40.
Barkus, E., & Badcock, J. C. (2019). A transdiagnostic perspective on social
anhedonia. Frontiers in psychiatry, 10, 216.
Bernardoni, F., Geisler, D., King, J. A., Javadi, A. H., Ritschel, F., Murr, J., ... & Ehrlich, S.
(2018).

Altered

medial

frontal

feedback

learning

signals

in

anorexia

nervosa. Biological psychiatry, 83(3), 235-243.
Berner, L. A., Simmons, A. N., Wierenga, C. E., Bischoff-Grethe, A., Paulus, M. P., Bailer, U.
F., ... & Kaye, W. H. (2018). Altered interoceptive activation before, during, and after
aversive breathing load in women remitted from anorexia nervosa. Psychological
medicine, 48(1), 142-154.
Bischoff-Grethe, A., Wierenga, C. E., Berner, L. A., Simmons, A. N., Bailer, U., Paulus, M.
P., & Kaye, W. H. (2018). Neural hypersensitivity to pleasant touch in women remitted
from anorexia nervosa. Translational psychiatry, 8(1), 1-13.
Caglar-Nazali, H. P., Corfield, F., Cardi, V., Ambwani, S., Leppanen, J., Olabintan, O., ... &
Micali, N. (2014). A systematic review and meta-analysis of ‘Systems for Social
Processes’ in eating disorders. Neuroscience & Biobehavioral Reviews, 42, 55-92.
Carter, J. C., Blackmore, E., Sutandar-Pinnock, K., & Woodside, D. B. (2004). Relapse in
anorexia nervosa: a survival analysis. Psychological medicine, 34(4), 671-679.
Ciaunica, A., & Fotopoulou, A. (2017). The touched self: Psychological and philosophical
perspectives on proximal intersubjectivity and the self. In Durt, C., Tewes, C., & Fuchs,
T. (Eds.). (2017). Embodiment, enaction, and culture: Investigating the constitution of
the shared world. MIT Press, 173-192.
Cowdrey, F. A., Park, R. J., Harmer, C. J., & McCabe, C. (2011). Increased neural processing
of rewarding and aversive food stimuli in recovered anorexia nervosa. Biological
psychiatry, 70(8), 736-743.

24

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Craig, A. D. (2009). Emotional moments across time: a possible neural basis for time
perception in the anterior insula. Philosophical Transactions of the Royal Society B:
Biological Sciences, 364(1525), 1933-1942.
Craig, A. D. (2002). How do you feel? Interoception: the sense of the physiological condition
of the body. Nature reviews neuroscience, 3(8), 655-666.
Croy, I., Luong, A., Triscoli, C., Hofmann, E., Olausson, H., & Sailer, U. (2016). Interpersonal
stroking touch is targeted to C tactile afferent activation. Behavioural Brain Research
SreeTestContent1, 297, 37-40.
Crucianelli, L., Metcalf, N. K., Fotopoulou, A. K., & Jenkinson, P. M. (2013). Bodily pleasure
matters: velocity of touch modulates body ownership during the rubber hand
illusion. Frontiers in psychology, 4, 703.
Crucianelli, L., Cardi, V., Treasure, J., Jenkinson, P. M., & Fotopoulou, A. (2016). The
perception of affective touch in anorexia nervosa. Psychiatry research, 239, 72-78.
Crucianelli, L., Krahé, C., Jenkinson, P. M., & Fotopoulou, A. K. (2018). Interoceptive
ingredients of body ownership: Affective touch and cardiac awareness in the rubber
hand illusion. Cortex, 104, 180-192.
Davidovic, M., Karjalainen, L., Starck, G., Wentz, E., Björnsdotter, M., & Olausson, H. (2018).
Abnormal brain processing of gentle touch in Anorexia Nervosa. Psychiatry Research:
Neuroimaging, 281, 53-60.
Decker, J. H., Figner, B., & Steinglass, J. E. (2015). On weight and waiting: delay discounting
in anorexia nervosa pretreatment and posttreatment. Biological psychiatry, 78(9), 606614.
Diagnostic and Statistical Manual of Mental Disorders: Diagnostic and Statistical Manual of
Mental

Disorders,

Fifth

Edition.

Arlington,

VA:

American

Psychiatric

Association, 2013.
Fisher, G., & Rangel, A. (2014). Symmetry in cold-to-hot and hot-to-cold valuation
gaps. Psychological science, 25(1), 120-127.
Garfinkel, S. N., Barrett, A. B., Minati, L., Dolan, R. J., Seth, A. K., & Critchley, H. D. (2013).
What the heart forgets: Cardiac timing influences memory for words and is modulated
by metacognition and interoceptive sensitivity. Psychophysiology, 50(6), 505-512.
Garfinkel, S. N., Seth, A. K., Barrett, A. B., Suzuki, K., & Critchley, H. D. (2015). Knowing
your

own

heart:

distinguishing

interoceptive

accuracy

from

interoceptive

awareness. Biological psychology, 104, 65-74.

25

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Garner, D. M. (1984). Eating Disorder Inventory-2. Odessa, Florida: Psychological
Assessment Resources.

Gentsch, A., Crucianelli, L., Jenkinson, P., & Fotopoulou, A. (2016). The touched self:
Affective touch and body awareness in health and disease. In Affective touch and the
neurophysiology of CT afferents (pp. 355-384). Springer, New York, NY.
Haleem, D. J. (2012). Serotonin neurotransmission in anorexia nervosa. Behavioural
pharmacology, 23(5 and 6), 478-495.
Harrison, A., Mountford, V. A., & Tchanturia, K. (2014). Social anhedonia and work and social
functioning in the acute and recovered phases of eating disorders. Psychiatry
Research, 218(1-2), 187-194.
Jenkinson, P. M., Taylor, L., & Laws, K. R. (2018). Self-reported interoceptive deficits in
eating disorders: A meta-analysis of studies using the eating disorder inventory. Journal
of Psychosomatic Research, 110, 38-45.
Jenkinson, P. M., Papadaki, C., Besharati, S., Moro, V., Gobbetto, V., Crucianelli, L., ... &
Fotopoulou, A. (2019). Welcoming back my arm: Affective touch increases body
ownership following right hemisphere stroke. BioRxiv, 851055.
Kaye, W. H., Fudge, J. L., & Paulus, M. (2009). New insights into symptoms and neurocircuit
function of anorexia nervosa. Nature Reviews Neuroscience, 10(8), 573.
Kaye, W. H., Wierenga, C. E., Bailer, U. F., Simmons, A. N., & Bischoff-Grethe, A. (2013).
Nothing tastes as good as skinny feels: the neurobiology of anorexia nervosa. Trends
in neurosciences, 36(2), 110-120.
Keating, C. (2010). Theoretical perspective on anorexia nervosa: the conflict of
reward. Neuroscience & Biobehavioral Reviews, 34(1), 73-79.
Kerr, K. L., Moseman, S. E., Avery, J. A., Bodurka, J., Zucker, N. L., & Simmons, W. K.
(2016). Altered insula activity during visceral interoception in weight-restored patients
with anorexia nervosa. Neuropsychopharmacology, 41(2), 521-528.
Khalsa, S. S., Adolphs, R., Cameron, O. G., Critchley, H. D., Davenport, P. W., Feinstein, J.
S., ... & Meuret, A. E. (2018). Interoception and mental health: a roadmap. Biological
Psychiatry: Cognitive Neuroscience and Neuroimaging, 3(6), 501-513.
Khalsa, S. S., Craske, M. G., Li, W., Vangala, S., Strober, M., & Feusner, J. D. (2015). Altered
interoceptive awareness in anorexia nervosa: effects of meal anticipation, consumption
and bodily arousal. International Journal of Eating Disorders, 48(7), 889-897.

26

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Kirsch, L. P., Besharati, S., Papadaki, C., Crucianelli, L., Bertagnoli, S., Ward, N., ... &
Fotopoulou, A. (2020). Damage to the right insula disrupts the perception of affective
touch. Elife, 9.
Kontis, D., & Theochari, E. (2012). Dopamine in anorexia nervosa: a systematic
review. Behavioural pharmacology, 23(5 and 6), 496-515.
Krahé, C., Drabek, M. M., Paloyelis, Y., & Fotopoulou, A. (2016). Affective touch and
attachment style modulate pain: a laser-evoked potentials study. Philosophical
Transactions of the Royal Society B: Biological Sciences, 371(1708), 20160009.
Krahé, C., von Mohr, M., Gentsch, A., Guy, L., Vari, C., Nolte, T., & Fotopoulou, A. (2018).
Sensitivity to CT-optimal, Affective Touch Depends on Adult Attachment
Style. Scientific reports, 8(1), 1-10.
Löken, L. S., Wessberg, J., McGlone, F., & Olausson, H. (2009). Coding of pleasant touch by
unmyelinated afferents in humans. Nature neuroscience, 12(5), 547.
Lloyd, D. M., Gillis, V., Lewis, E., & Farrell, M. J. (2013). Pleasant touch moderates the
subjective but not objective aspects of body perception. Frontiers in behavioral
neuroscience, 7, 207.
Marshall, A. G., Sharma, M. L., Marley, K., Olausson, H., & McGlone, F. P. (2019). Spinal
signaling of C-fiber mediated pleasant touch in humans. eLife 2019;8:e51642.
McGlone, F., Wessberg, J., & Olausson, H. (2014). Discriminative and affective touch: sensing
and feeling. Neuron, 82(4), 737-755.
Monteleone, P., & Maj, M. (2013). Dysfunctions of leptin, ghrelin, BDNF and
endocannabinoids in eating disorders: beyond the homeostatic control of food
intake. Psychoneuroendocrinology, 38(3), 312-330.
Morrison, I. (2016). ALE meta‐analysis reveals dissociable networks for affective and
discriminative aspects of touch. Human brain mapping, 37(4), 1308-1320.
Oberndorfer, T. A., Frank, G. K., Simmons, A. N., Wagner, A., McCurdy, D., Fudge, J. L., ...
& Kaye, W. H. (2013). Altered insula response to sweet taste processing after recovery
from anorexia and bulimia nervosa. American Journal of Psychiatry, 170(10), 11431151.
Olausson, H., Cole, J., Rylander, K., McGlone, F., Lamarre, Y., Wallin, B. G., ... & Vallbo, Å.
(2008). Functional role of unmyelinated tactile afferents in human hairy skin:
sympathetic

response

and

perceptual

localization. Experimental

brain

research, 184(1), 135-140.

27

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Panagiotopoulou, E., Filippetti, M. L., Tsakiris, M., & Fotopoulou, A. (2017). Affective touch
enhances self-face recognition during multisensory integration. Scientific reports, 7(1),
1-10.
Paulus, M. P., & Stein, M. B. (2006). An insular view of anxiety. Biological psychiatry, 60(4),
383-387.
Paulus, M. P., & Stein, M. B. (2010). Interoception in anxiety and depression. Brain structure
and Function, 214(5-6), 451-463.
Pawling, R., Cannon, P. R., McGlone, F. P., & Walker, S. C. (2017). C-tactile afferent
stimulating touch carries a positive affective value. PloS one, 12(3).
Perez, M. E., Coley, B., Crandall, W., Di Lorenzo, C., & Bravender, T. (2013). Effect of
nutritional rehabilitation on gastric motility and somatization in adolescents with
anorexia. The Journal of pediatrics, 163(3), 867-872.
Pollatos, O., Kurz, A. L., Albrecht, J., Schreder, T., Kleemann, A. M., Schöpf, V., ... &
Schandry, R. (2008). Reduced perception of bodily signals in anorexia nervosa. Eating
behaviors, 9(4), 381-388.
Ponzo, S., Kirsch, L. P., Fotopoulou, A., & Jenkinson, P. M. (2018). Balancing body
ownership: Visual capture of proprioception and affectivity during vestibular
stimulation. Neuropsychologia, 117, 311-321.
Scheurink, A. J., Boersma, G. J., Nergårdh, R., & Södersten, P. (2010). Neurobiology of
hyperactivity and reward: agreeable restlessness in anorexia nervosa. Physiology &
behavior, 100(5), 490-495.
Shah, P., Hall, R., Catmur, C., & Bird, G. (2016). Alexithymia, not autism, is associated with
impaired interoception. cortex, 81, 215-220.
Shields, S. A., Mallory, M. E., & Simon, A. (1989). The body awareness questionnaire:
reliability and validity. Journal of personality Assessment, 53(4), 802-815.
Steinhausen, H. C. (2002). The outcome of anorexia nervosa in the 20th century. American
journal of Psychiatry, 159(8), 1284-1293.
Stephan, K. E., Manjaly, Z. M., Mathys, C. D., Weber, L. A., Paliwal, S., Gard, T., ... &
Petzschner, F. H. (2016). Allostatic self-efficacy: a metacognitive theory of
dyshomeostasis-induced fatigue and depression. Frontiers in human neuroscience, 10,
550.
Strigo, I. A., Matthews, S. C., Simmons, A. N., Oberndorfer, T., Klabunde, M., Reinhardt, L.
E., & Kaye, W. H. (2013). Altered insula activation during pain anticipation in

28

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

individuals

recovered

from

anorexia

nervosa:

evidence

of

interoceptive

dysregulation. International Journal of Eating Disorders, 46(1), 23-33.
Tchanturia, K., Davies, H., Harrison, A., Fox, J. R., Treasure, J., & Schmidt, U. (2012). Altered
social hedonic processing in eating disorders. International Journal of Eating
Disorders, 45(8), 962-969.
Thiel, A., & Paul, T. (2006). Test–retest reliability of the Eating Disorder Inventory 2. Journal
of psychosomatic research, 61(4), 567-569.

Torres, S., Guerra, M. P., Lencastre, L., Miller, K., Vieira, F. M., Roma-Torres, A., ... & Costa,
P.

(2015).

Alexithymia

in

anorexia

nervosa:

The

mediating

role

of

depression. Psychiatry research, 225(1-2), 99-107.
Vallbo, Å. B., Olausson, H., & Wessberg, J. (1999). Unmyelinated afferents constitute a second
system

coding

tactile

stimuli

of

the

human

hairy

skin. Journal

of

neurophysiology, 81(6), 2753-2763.
Van den Bergh, O., Witthöft, M., Petersen, S., & Brown, R. J. (2017). Symptoms and the body:
taking the inferential leap. Neuroscience & Biobehavioral Reviews, 74, 185-203.
van Stralen, H. E., van Zandvoort, M. J., Hoppenbrouwers, S. S., Vissers, L. M., Kappelle, L.
J., & Dijkerman, H. C. (2014). Affective touch modulates the rubber hand
illusion. Cognition, 131(1), 147-158.
Van Stralen, H. E., Van Zandvoort, M. J. E., & Dijkerman, H. C. (2011). The role of self-touch
in somatosensory and body representation disorders after stroke. Philosophical
Transactions of the Royal Society B: Biological Sciences, 366(1581), 3142-3152.
von Mohr, M., Kirsch, L. P., & Fotopoulou, A. (2017). The soothing function of touch:
affective touch reduces feelings of social exclusion. Scientific reports, 7(1), 1-9.
von Mohr, M., Krahé, C., Beck, B., & Fotopoulou, A. (2018). The social buffering of pain by
affective touch: a laser-evoked potential study in romantic couples. Social cognitive
and affective neuroscience, 13(11), 1121-1130.
Wagner, A., Aizenstein, H., Mazurkewicz, L., Fudge, J., Frank, G. K., Putnam, K., ... & Kaye,
W. H. (2008). Altered insula response to taste stimuli in individuals recovered from
restricting-type anorexia nervosa. Neuropsychopharmacology, 33(3), 513-523.
Walsh, B. T. (2013). The enigmatic persistence of anorexia nervosa. American Journal of
Psychiatry, 170(5), 477-484.

29

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.23.961367; this version posted February 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Wierenga, C. E., Bischoff-Grethe, A., Melrose, A. J., Irvine, Z., Torres, L., Bailer, U. F., ... &
Kaye, W. H. (2015). Hunger does not motivate reward in women remitted from
anorexia nervosa. Biological psychiatry, 77(7), 642-652.
Zakzanis, K. K., Campbell, Z., & Polsinelli, A. (2010). Quantitative evidence for distinct
cognitive impairment in anorexia nervosa and bulimia nervosa. Journal of
neuropsychology, 4(1), 89-106.

30

