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Abstract

Humans’ ability to represent their body state from within through interoception has been proposed to predict different
aspects of human cognition and behaviour. We focused on the possible contribution of interoceptive sensitivity to social
behaviour as mediated by adaptive modulation of autonomic response. We, thus, investigated whether interoceptive
sensitivity to one’s heartbeat predicts participants’ autonomic response at different social distances. We measured
respiratory sinus arrhythmia (RSA) during either a Social or a Non-social task. In the Social task each participant viewed an
experimenter performing a caress-like movement at different distances from their hand. In the Non-social task a metal stick
was moved at the same distances from the participant’s hand. We found a positive association between interoceptive
sensitivity and autonomic response only for the social setting. Moreover, only good heartbeat perceivers showed higher
autonomic response 1) in the social compared to the non-social setting, 2) specifically, when the experimenter’s hand was
moving at boundary of their peripersonal space (20 cm from the participant’s hand). Our findings suggest that interoceptive
sensitivity might contribute to interindividual differences concerning social attitudes and interpersonal space representation
via recruitment of different adaptive autonomic response strategies.
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Introduction

The integration of information about the internal bodily state

and the external environment is crucial to adapt one’s behaviour

in social settings and everyday life. The ability to represent one’s

own internal body state is commonly referred to as interoception.

Conceptualized as the sense of the physiological condition of the

body [1], interoception has been hypothesized to have a primary

role for basic homeostasis, behavioural motivations and interaction

[2]. Empirical research on interoception has predominantly

focused on a particular type of interoceptive sensitivity (i.e.,

sensitivity to stimuli originating inside of the body), that is,

heartbeat perception. One reason is that there are only few bodily

signals from the bodily ‘‘interior’’ that can be readily perceived

(e.g. the heartbeat or signals from the guts), whereas the rest of

internal activity is mostly ‘‘hidden’’ [3]. Individuals’ sensitivity to

their own heartbeat seems to be a trait-like characteristic. As such,

it has been shown to interact with different aspects of human

cognition and behaviour, for a review see [4]. For instance, it has

been proposed that heartbeat detection sensitivity is relevant for

emotional processing [5–7] and physiological reactivity towards

emotional cues [8]. A recent study has demonstrated that the more

accurately participants could track their heartbeat, the stronger the

observed link between their heart rate reactions and their

subjective arousal ratings of emotional images [8]. On the other

hand, heartbeat detection sensitivity has been suggested to be a

negative predictor of impairments in emotional awareness and

regulation of emotions [9,10]. More generally, interoceptive

processes seem to contribute to the regulation of social behaviour.

This is clearly manifest, for example, in the positive relation

existing between individual interoceptive accuracy and social

anxiety level [11–14].

Actual social settings typically require an individual to define the

boundaries between oneself and the others. So far, however, only

few studies have investigated interoceptive sensitivity as predictor

of the representation of one’s body and self-other boundaries

[15,16]. These studies showed that interoceptive sensitivity

predicts the malleability of self-representations in response to

multisensory integration. In particular, individuals with low

interoceptive sensitivity experienced a stronger illusion of body

ownership [15] and changes in self-other boundaries in response to

multisensory stimulation [16]. However, in none of these studies

participants were exposed to an actual social setting. In general,

how interoceptive sensitivity impacts on engagement in social

situations is a relevant and not yet well researched issue. An

interesting question arising from previous empirical investigations

[15–17] is, for instance, whether and what extent interoceptive

sensitivity affects the representation of one’s peripersonal space, as

a multisensory-motor interface between body and environment, in

social circumstances. The definition of peripersonal space [18,19]

originates from electrophysiological studies based on visual–tactile

neurons identified in the premotor area F4 and the ventral

intraparietal area (VIP) of the monkey brain [20–22]. The

receptive fields of the VIP-F4 neurons are coded in somatic
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coordinates and anchored to various parts of the body. In

particular, the visual receptive fields of F4 neurons around the

hand extend from 5 to 35 cm from the tactile receptive fields [23].

Interestingly, Teneggi et al. [24] have recently demonstrated that

peripersonal space representation is sensitive to social modulation,

since its boundaries shrink when subjects face another individual,

as compared to a mannequin, placed in far space.

In this work we aimed at investigating whether interoceptive

sensitivity to one’s heartbeat predicts modulation of participants’

autonomic response to either social or non-social stimuli moving at

different distances from the participant’s body, that is, either in the

far or in the near peripersonal space. We assumed that the ability

to adapt to social environments does not merely depend on

individual sensitivity to assess information from the external

milieu, but also from within.

Participants viewed an unfamiliar hand performing a caress-like

movement at different distances from their body. The experi-

menter exerting the caress-like movements was not visible to the

participants. Despite this manipulation may appear quite artificial,

it was chosen in order to avoid that the participants focused on

experimenter’s physical features (i.e., body size, face, eye gaze). We

expected autonomic response to be induced as a function of

interpersonal distance. This hypothesis was mainly based on our

recent demonstration that expectation of being touched from a

human hand, rather than the touch itself, can elicit participant’s

autonomic reactivity, provided that the approaching human hand

entered the participant’s peripersonal space [17].

Here we measured the respiratory sinus arrhythmia (RSA) as

the dependent autonomic variable. RSA is one of the periodic

components of heart rate variability, which tend to aggregate

within several frequency bands [25]. RSA has been conceptualized

as a phenomenon that directly results from the interaction between

the cardiovascular and respiratory systems [26]. There is evidence

suggesting that RSA response can be modulated by emotional

processing [27], is positively correlated with social disposition [28]

and can be considered as a marker for positive social functioning

in children with autism [29,30]. However, if interoceptive

sensitivity predicts RSA response in social, compared to non-

social, situations is a not yet researched issue.

In this study we firstly hypothesized that interoceptive sensitivity

specifically predicts RSA in a social, compared to a non-social,

setting. Then, given the assumption that information from the

external environment and from within are integrated in the

peripersonal space, we further hypothesized that the participant’s

interoceptive sensitivity might affect autonomic response towards

social stimuli presented within or at the boundary of the

participant’s peripersonal space (i.e., as a function of social

distance).

Materials and Methods

Participants
Twenty-four (11 males) right-handed [31] healthy volunteers

(mean age 2464, range = 19–38) were selected for inclusion in the

study. Individuals with either neurologic or cardiorespiratory or

psychiatric diseases, as well as users of drugs interfering with the

cardiac and respiratory activity, and heavy smokers (.25

cigarettes per day) [32] were excluded. As it is known that regular

exercise influences autonomic tone, especially the vagal compo-

nent [33,34], which in turn is able to improve interoceptive

awareness as assessed by heartbeat perception [35–37], only

individuals not regularly involved in athletic or endurance sports

were recruited. Moreover, as it is known that Body Mass Index

(BMI) affects the ability to detect heartbeat sensations [38,39],

underweight (BMI,18.50 kg/m2) and obese (BMI.30.00 kg/m2)

individuals, as defined by the ‘‘International Classification of adult

underweight, overweight and obesity’’ of the World Health

Organization [40], were not chosen for participation in the study.

All participants gave written informed consent and all

experiments were conducted in accordance with the ethical

standards of the 1964 Declaration of Helsinki. The experimental

protocol was approved by the Ethical Committee of the University

of Parma.

Procedure
The study consisted of two experimental sessions. In prepara-

tion for each session, participants were required to abstain from

alcohol, caffeine and tobacco for 2 hours prior to each session

[41]. After arrival at the laboratory for the first session participants

were asked to fill in the following questionnaires: the Beck

Depression Inventory (BDI) [42], the State-Trait Anxiety Inven-

tory (STAI) [43] and the Autism-spectrum quotient (AQ) [44],

assessing their depressive tendencies, anxiety and autistic traits,

respectively. Then, they were asked to perform one of the two

tasks described below: A) the Social Task, B) the Non-Social Task

(Figure 1, A–B). Each participant performed the tasks in two

separate experimental sessions taking place in different days. In

each session participants were led into a quiet and soft illuminated

room and were fitted with Ag-AgCl adhesive disposable electrodes

for electrocardiogram (ECG). All recordings were performed in

the same room with participants instructed to relax and to remain

as still as possible during recording to minimize motion artefacts.

At the beginning of the experimental session a 2-minute resting

baseline ECG recording was done, in which participants were

instructed to simply sit quietly with their eyes open. Subsequently,

participants were administered with one of the two tasks described

below (subsections A and B; see also Figure 1, A–B). Moreover, in

the first experimental session, after a pause all participants

completed the heartbeat perception task (see subsection C). All

measurements were done in a comfortable sitting position of the

participants.

A) Social Task. Participants were asked to sit in a comfort-

able relaxed position, right arm placed in a fixed location on the

table in front of them. An experimenter stood at the participant’s

left side, hidden behind a black curtain (Figure 1, A). The

experimenter was of opposite gender than the participant. She/he

moved her/his hand simulating a caressing movement (1 Hz) at

different distances from the participant’s hand, according to the

experimental condition (see below and Figure 1, C). The

experimenter followed audio instructions delivered via earphones

to perform controlled movements. The duration of simulation of

caressing was kept fixed at 30 sec in each trial, at the end of which

the experimenter withdrew her/his hand behind the curtain. The

intertrial interval was 18 sec. Experimental conditions were the

following: 1) Touch; 2) Near-peripersonal Space (NS, 2 cm from

the participant’s hand); 3) Intermediate-peripersonal Space (IS,

20 cm from the participant’s hand); 4) Far-peripersonal Space (FS,

50 cm from the participant’s hand). In a Control condition of the

Social Task (Social Control condition, SC) the experimenter’s

hand moved at 70 cm from the participant’s hand. We selected

these distances according to previous neuropsychological studies

[45,46] and research on multisensory representations of periper-

sonal space [47,48]. Specifically, the spatial distance for the

Control condition was chosen on the basis of Holmes and Spence’s

[48] proposal, also supported by recent neuroimaging studies [49],

that the limits of peripersonal space could be up to 70 cm in

humans depending on the body part. Each experimental condition

(Touch, NS, IS, FS) was presented once in a block, in random
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order. The duration of each block was 192 sec. The experiment

consisted of four blocks. SC condition was presented before

(2 min) the first and after (2 min) the last block (Figure 1, D).

Participants were asked to feel comfortable and to carefully follow

with their gaze what would have occurred within the space

surrounding their hand.

At the end of the Social Task participants were asked to rate the

comfort of each condition, using a 101-point visual analogue scale

(VAS), with 0 corresponding to very little and 100 corresponding

to very much. Participants were required to respond ‘‘How much

they felt good when the hand was there during the task’’, being the

position simultaneously showed by the experimenter’s hand, in

random order. Thus, participants were not provided with any

explicit indication of distances. During the subjective rating of

comfort, participant’s right hand was in the same position as

during the task.

B) Non-Social Task. Experimental procedure and conditions

(Touch, NS, IS, FS) were the same as in the Social Task except for

the fact that participants viewed an object (a metal stick), instead of

a human hand (Figure 1, B), coming out from the black curtain

and simulating a caressing movement. The metal stick was moved

by an invisible experimenter at the same frequency (1 Hz) and

distances from the participant’s hand (0, 2, 20, 50 cm) as in the

Social Task. Similarly, the experimenter could keep the timing of

inanimate caress-like movements under control following audio

instructions delivered via earphones. As in the Social Task, a

Control condition was presented at the beginning (2 min) and at

the end (2 min) of the experiment. In the Non-Social Control

condition (NC), the metal stick was moved at 70 cm from the

participant’s hand. At the end of the Non-Social Task, participants

rated the comfort of each Non-Social condition following the same

procedure as for rating of Social conditions (see above).

C) Heart beat monitoring task. Heartbeat perception was

measured using the Mental Tracking Method [50] that has been

widely used to assess interoceptive awareness, has good test–retest

reliability (up to.81) [14,51] and highly correlates with other

heartbeat detection tasks [52]. Participants were instructed to start

silently counting their own heartbeat on an audiovisual start cue

until they received an audiovisual stop cue. After one brief training

session (15 s), the actual experiment started. This consisted of four

different time intervals of 100 s, 45 s, 35 s and 25 s, presented in

random order across participants. Participants were asked to tell a

second experimenter the number of heartbeats counted at the end

of each interval. Throughout, participants were not permitted to

take their pulse, and no feedback on the length of the counting

phases or the quality of their performance was given. Heartbeat

perception score was first calculated as the mean score of four

heartbeat perception intervals according to the following trans-

formation [50,53]:

1

4

X
1{ jrecorded beats{counted beatsjð Þ=recorded beatsð Þ

According to this transformation, heartbeat perception score

can vary between 0 and 1, with higher scores indicating small

differences between recorded and counted heartbeats (i.e., higher

interoceptive sensitivity).

The median value of interoceptive sensitivity was 0.65

(SD = 0.14). Distribution of perception scores was tested for

normality by using the Shapiro-Wilk test (p = 0.46). Despite it is

known that the median can differ from study to study depending

on the instructions used [54], this value was consistent with

previous literature on the heartbeat tracking task [5,39] and also

with the median (0.65; SD = 0.17) calculated on 81healthy

volunteers (45 males; mean age = 24.14, SD = 4.1, ranging from

18–36 years) recruited for different studies on the heartbeat

tracking task conducted in our lab. Then, using a median split

method [15,55], the group of 24 participants were split into two

groups of high interoceptive sensitivity (High interoception Group,

HG) and low interoceptive sensitivity (Low interoception Group,

LG; see Table 1).

Electrocardiogram (ECG) and Respiratory Sinus
Arrhythmia (RSA) response

Three Ag/AgCl pre-gelled electrodes (ADInstruments, UK)

with a contact area of 10 mm diameter were placed on the wrists

of the participants in a Einthoven’s triangle configuration to

monitor ECG (Powerlab and OctalBioAmp 8/30, ADInstruments,

UK).

The ECG was sampled at 1 KHz and online filtered by the

Mains Filter with negligible distorting effect on ECG waveforms.

The peak of the R-wave of the ECG was detected from each

sequential heartbeat and the R-R interval was timed to the nearest

msec. The R-R intervals were edited. Editing consisted of a

software artefacts detection (artefacts threshold 300 msec) followed

by a visual inspection of the ECG recorded signal. Artefacts were

then edited by integer division or summation. The amplitude of

Respiratory Sinus Arrhythmia (RSA) was quantified with CMetX

(available from http://apsychoserver.psych.arizona.edu) [56].

This approach is basically a time-domain method but, like spectral

techniques, allows derivation of components of heart rate

variability within specified frequency bands [25]. The amplitude

of RSA was assessed as the variance of heart rate activity across

the band of frequencies associated with spontaneous respiration.

RSA estimates were calculated using the following procedures

[56]: a) linear interpolation at 10 Hz sampling rate; b) application

of a 241-point FIR filter with a 0.12–0.40 Hz bandpass; c)

extraction of the band passed variance; d) transformation of the

variance in its natural logarithm. According to guidelines [25],

these procedures were applied to epochs of 30 sec, corresponding

to the duration of each experimental trial. Then, RSA values

corresponding to Touch, NS, IS and FS conditions in each task

were separately computed as the average of four 30 sec - epochs.

Consistently, RSA values corresponding to SC and NC conditions

were computed as the average of the last two 30 sec - epochs

recorded before the first block and the first two 30 sec - epochs

recorded after the last block of either the Social task or the Non-

Social task, respectively. Similarly, baseline RSA values were

computed as the mean of four 30 sec – consecutive epochs. RSA

response to Touch, NS, IS, FS conditions and to the control

condition were then separately obtained for the Social task and for

the Non-Social task as changes from resting baseline RSA values

to reactivity during each condition and each task. Heart rate data

were used for assessing the heartbeat perception score.

Figure 1. Social and Non-Social Task. (A) Experimental setup of the Social Task. (B) Examples of the experimental stimuli. (C) Schematic
representation of experimental conditions: Touch, NS (Near-peripersonal Space), IS (Intermediate-Peripersonal Space), FS (Far-peripersonal Space) and
Control Condition. (D) Experimental design of the Social and Non-Social Task.
doi:10.1371/journal.pone.0075758.g001
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Questionnaire data
Since there is evidence suggesting that depression symptoms

and RSA interact [57,58], participants were required to fill in the

Italian version of the BDI [59]. The BDI [42] is a widely 21-item

multiple-choice self-report inventory that measures the presence

and severity of affective, cognitive, motivational, psychomotor,

and vegetative symptoms of depression. Each question has a set of

at least four possible answer choices regarding how the subject has

been feeling in the last week. Higher total scores indicate more

severe depressive symptoms. Similarly, as it has been shown that

anxiety interacts with RSA [60–62] and also because there is

evidence suggesting a positive association between cardiac

awareness and anxiety [14,36,63,64], the participants filled in

the Italian version of the STAI [65]. The STAI [43] is a 40 item

scale, which assesses both state and trait anxiety and represents

well-validated and reliable self-report measures of dispositional

and state anxiety. Respondents are asked to indicate to what

degree each item describes their dispositional and situational

feelings on a four-point Likert-type scale (where 1 = ‘‘not at all’’

and 4 = ‘‘very much so’’). Finally, since lower amplitude RSA and

faster heart rate has been proposed to be associated with autism

[29,30], the participants filled in the Italian version of the AQ

[66]. The Autism Spectrum Quotient [44] is a self-administered,

50 items forced-choice questionnaire for evaluate the presence of

autistic traits across five domains (social skill, attention switching,

attention to detail, communication and imagination) in both

clinical and non-clinical samples. Respondents are asked to

indicate how much they agree with each item (‘‘definitely agree’’,

‘‘slightly agree’’, ‘‘slightly disagree’’ or ‘‘definitely disagree’’).

Data analysis
Pearson correlations were calculated between the heartbeat

perception score and the RSA response to either the Social or the

Non-social Control conditions (i.e., changes from baseline RSA

values to reactivity during SC and NC, respectively) to investigate

whether and to what extent heartbeat perception sensitivity

predicts RSA response either in a social or in a non-social

situation, or both. In order to analyze if the association between

heartbeat perception score and RSA response was mediated by

Age, Gender, Body mass, Anxiety, Autistic traits and depression

tendencies, Age, Gender, BMI, STAI score, AQ score and BDI

score were included as predictors in hierarchical regression

analyses (forward stepping) with RSA response to either SC

condition or NC condition as criterion and heartbeat perception

score as a predictor. Differences between good and poor heartbeat

perceivers regarding autonomic reactivity to SC and NC

conditions were further confirmed by means of repeated measures

ANOVA with ‘‘group’’(High, Low) as between-subjects factor and

‘‘context’’ (Social, Non-social) as within-subjects factor. The Fisher

test was used for all post-hoc comparisons.

Then, we wanted to investigate whether and to what extent

heartbeat perception sensitivity predicts RSA response in a social

situation, compared to a non-social situation, as a function of

different peripersonal space distances. First, for each task (the

Social Task and the Non-Social Task) RSA responses to the NS,

IS and FS conditions were normalized on the RSA response to the

Touch condition, in order to get rid of individual variability

associated to the experience of touch per se, thus keeping only the

modulation associated to the approaching of a human hand or an

object in the peripersonal space.

Indeed, it is known that anticipation of a sensory stimulus and

processing of the somatosensory stimulus itself engage similar

brain [67,68] and autonomic [17] activities. Then, Pearson

correlations between heartbeat perception scores and normalized

RSA response to NS, IS and FS in each task were performed to

assess whether interoceptive sensitivity predicts autonomic reac-

tivity in a social situation, compared to a non-social situation, as a

function of different peripersonal space distances. To account for

multiple comparisons, we used Bonferroni correction and consid-

ered significant only the correlation for which p,0.017 (i.e., p

value / total number of comparisons, 0.05/3). Differences between

good and poor heartbeat perceivers regarding autonomic reactiv-

ity in a social situation vs. a non-social situation, as a function of

different peripersonal space distances were further confirmed by

means of repeated measures ANOVA with ‘‘group’’(High, Low) as

between-subjects factor, Task (Social, Non-Social) and Distance

(Touch, NS, MS, FS), as the within-subject factors. The Fisher test

was used for all post-hoc comparisons. Finally, Pearson correla-

tions between heartbeat perception scores and comfort ratings of

Touch, NS, IS and FS conditions were performed to see whether

interoceptive sensitivity predicts also the explicit appreciation of

the presence of another’s hand at different peripersonal space

distances. To account for multiple comparisons, we used

Bonferroni correction and considered significant only the corre-

lation for which p,0.012 (i.e., p value / total number of

comparisons, 0.05/4). Differences in subjective ratings of comfort

during Social and Non-Social Task in the HG and LG were

investigated by means of repeated measures ANOVA with

‘‘group’’(High, Low) as between-subjects factor and ‘‘context’’

(Social, Non-social) and ‘‘distance’’ (Touch, NS, IS, FS) as within-

subjects factors. The Fisher test was used for all post-hoc

comparisons.

Results

Interoceptive awareness and RSA response to Social and
Non-social control conditions

Mean heartbeat perception score for all participants (N = 24)

was M = 0.63, SD = 0.14 ranging from 0.36 to 0.88. Mean RSA

response to SC was M = 0.40 ln(msec)2, SD = 1.08 ranging from

23.66 to 1.40. Moreover, mean RSA response to NC condition

Table 1. Descriptive statistics.

N. Age (years) Gender(male) Cardiac IS BMI (Kg/m2)
Traininig (hours
per week) BDI STAI - Y2 AQ

Total 24 24.1263.91 11 0.6360.14 23.4263.31 2.7262.86 6.2166.72 40.08610.85 107.83614.33

HG 12 24.3364.94 5 0.7460.06 23.6763.61 2.4062.38 5.4165.80 41.4168.32 102.5869.56

LG 12 23.9162.74 6 0.5160.10 23.1663.12 3.0463.34 7.0067.71 38.75613.15 113.08616.67

Mean values 6 standard deviations for the Total Sample (Total), the High interoception Group (HG) and the Low interoception (LG) group. IS = Interoceptive Sensitivity;
BMI = Body Mass Index; STAI – Y2 = State Trait Anxiety Inventory; BDI = Beck Depression Inventory; AQ = Autism Quotient.
doi:10.1371/journal.pone.0075758.t001
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was M = 20.54 ln(msec)2, SD = 0.56 ranging from 21.61 to 0.82

(see Table 1 for further details). There was a significant positive

correlation between the heartbeat perception scores and RSA

response to SC condition (r24 = 0.52, p,0.005, two-tailed),

whereas no significant correlation was found between the

heartbeat perception scores and RSA response to NC condition

(r24 = 0.01, p = 0.96, two-tailed) (Figure 2). Accordingly, hierar-

chical regression analyses (forward stepping) demonstrated that the

criterion RSA response to SC condition was explained by the

heartbeat perception score (t = 2.86, b= 0.52, p,0.01) with a total

of 24% explained variance for the regression model (F(1,22) = 8.19,

p,0.01, R = 0.52, R2 = 0.27). All other predictors were not

included in the regression model. Differently, when hierarchical

regression analysis (forward stepping) with RSA response to NC

condition as criterion and with heart beat perception score, Age,

Gender, BMI, STAI score, AQ score and BDI score as predictors

was performed, no predictors were included in the regression

model.

RSA response of High and Low interoception Groups to
Social and Non-social Context

Mean heartbeat perception score for the HG (N = 12, 5 males)

was M = 0.74, SD = 0.06. Mean heartbeat perception score for the

LG (N = 12, 6 males) was M = 0.51, SD = 0.10 (see Table 1 for

further details). Confirming the results described above, ANOVA

showed a significant Context by Group interaction (F1,22 = 4.17,

p = 0.05, g2
p = 0.16), because RSA responses to social and

non-social context were significantly different in the HG [SC:

M = 20.06 ln(msec)2, SD = 0.83; NC: M = 20.58 ln(msec)2, SD =

0.59; p = 0.05], but not in the LG [SC: M = 20.73 ln(msec)2,

SD = 1.23; NC: M = 20.51 ln(msec)2, SD = 0.56; p = 0.38]

(Figure 3).

Correlation between heart beat perception scores and
RSA response at different distances

For the Social Task, a significant positive correlation was find

only between heartbeat perception score and change in RSA

response from the Touch to the IS condition (r24 = 0.58, p,0.05,

two-tailed; Figure 4). Differently, for the Non-Social Task no

significant correlation was found between heartbeat perception

score and change in RSA response from the Touch condition to

any other experimental condition (all ps.0.05).

RSA response of High and Low interoception Groups as a
function of distances

RSA response at the different experimental conditions are

reported in Table 2 for both HG and LG. Confirming the results

obtained from the correlation analysis described above, ANOVA

showed a significant 3-way interaction Group by Task by Distance

(F3,66 = 3.02, p,0.05, g2
p = 0.12) (Figure 5). Post hoc comparisons

demonstrated that RSA response in the HG was higher in the

Social Task than in the Non-Social Task at each distance (Touch:

M = 20.40 ln(msec)2, SD = 0.98 vs. M = 20.76 ln(msec)2, SD =

0.74; NS: M = 20.37 ln(msec)2, SD 0.95 vs. M = 20.75 ln(msec)2,

SD = 0.86; IS: M = 20.18 ln(msec)2; SD = 0.90 vs. M = 20.88

ln(msec)2, SD = 0.86; FS: M = 20.27 ln(msec)2, SD = 1.00 vs M =

20.80 ln(msec)2, SD = 0.75; all ps,0.05). Moreover, RSA response

of the HG in the Social Task was significantly higher for the IS

condition than the Touch condition [MS: M = 20.18 ln(msec)2,

SD = 0.90; Touch: M = 20.40 ln(msec)2, SD = 0.98; p,0.05].

Finally, RSA response of the LG in the Social task was significantly

higher for the Touch condition than all the other conditions (Touch:

M = 20.57 ln(msec)2, SD = 1.04; NS: M = 20.80 ln(msec)2, SD =

1.42; IS: M = 20.84 ln(msec)2, SD = 1.42; FS: M = 20.78 ln(msec)2;

SD = 1.33; all ps,0.05] (see Table 2).

Analyses of comfort ratings
When Pearson correlations between heartbeat perception scores

and comfort ratings of Touch, NS, IS and FS conditions in Social

context were performed no significant correlation was found in

both groups (all ps.0.05) (See Table 2). ANOVA showed a

significant Context effect (F1,22 = 6.12, p,0.05, g2
p = 0.21). Post

hoc comparisons demonstrated that all participants showed higher

comfort rating for the Social context (M = 58.76%, SD = 29.67)

than for the Non-Social context (M = 48.25%, SD = 26.27) (all

ps,0.05). No significant differences were found between the two

groups and among experimental distances (See Table 2).

Discussion

In this work we investigated, for the first time, whether

interoceptive sensitivity to one’s heartbeat predicts modulation of

participants’ autonomic response at different social distances. We

started from the idea that human ability to adapt to complex social

settings does not merely reflect high sensitivity in assessing

information from the external milieu, but also from the inside.

Figure 2. Correlation between heartbeat perception score and RSA response to Social and Non-Social Control conditions. (A)
Correlation between heartbeat perception score and RSA response to the Social Control condition for all participants. (B) Correlation between heart
beat perception scores and RSA response to the Non-Social Control condition for all participants. SC = Social Control condition; NC = Non-Social
Control condition. * p,0.05.
doi:10.1371/journal.pone.0075758.g002
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Indeed, both interoceptive sensitivity [4] and social skills [69] have

been proposed to be exceptionally, despite not specifically,

developed features in humans, through which they attend upon

body’s homeostatic needs [1,2,70,71]. This study looked at a

possible relation between them and revealed a role of interoceptive

sensitivity in shaping social behaviour by means of recruiting

different autonomic response strategies. Adaptive autonomic

responses, and interoceptive sensitivity, likely play a critical role

Figure 3. RSA response of High and Low interoception Groups to Social and Non-social Control conditions. HG = High interoception
Group; LG = Low interoception Group; SC = Social Control condition; NC = Non-Social Control condition. Dashed line indicates p,0.05. See Table 2
for standard deviations.
doi:10.1371/journal.pone.0075758.g003

Figure 4. Correlation between heartbeat perception score and RSA response to IS condition. Correlation plot between heartbeat
perception scores and change in RSA response from the Touch to the IS condition in the social context. IS = Intermediate-Peripersonal Space. *
p,0.05.
doi:10.1371/journal.pone.0075758.g004
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in a situation in which, for example, perceived threat from others

in peripersonal space is the most salient factor in mediating

equilibrium between interpersonal distance and social interaction

[72,73]. Accordingly, it has been previously suggested that the

development of social skills in humans is tightly related to our

autonomic response strategies [74,75].

We assessed interoceptive sensitivity through the heartbeat

perception task. Here it is due to note that there is up to now only

few studies showing that interoceptive sensitivity as measured by

heartbeat perception is related to interoceptive sensitivity for other

bodily internal signals belonging to other organ systems [3,76].

Moreover, participants’ autonomic response in social and

non-social settings was assessed by measures of RSA, conceptu-

Figure 5. RSA response of High and Low interoception Groups as a function of distances in Social and Non-Social Task. (A) RSA
response of the High interoception Group to each experimental condition in the Social (light gray line) and the Non-Social Task (dark gray line). (B)
RSA response of the Low interoception Group to each experimental conditions in the Social (light gray line) and the Non-Social Task (dark gray line).
NS = Near-peripersonal Space; IS = Intermediate-Peripersonal Space; FS = Far-peripersonal Space; HG = High interoception Group; LG = Low
interoception Group. Dashed line indicates p,0.05. See Table 2 for standard deviations.
doi:10.1371/journal.pone.0075758.g005

Table 2. Cardiac parameters and Subjective rating of Comfort in the Social and the Non-Social Task.

High interoception Group Low interoception Group

RSA - ln(msec)2 Social Task Non-Social Task Social Task Non-Social Task

Touch 20.4060.98 20.7660.74 20.5761.04 20.5660.57

NS 20.3760.95 20.7560.86 20.8061.42 20.7260.69

IS 20.1860.90 20.8860.86 20.8461.42 20.6160.49

FS 20.2761.00 20.8060.75 20.7861.33 20.7160.63

Control Condition 20.0660.83 20.5860.59 20.7361.23 20.5160.56

HR - bpm

Touch 22.45611.57 22.8763.35 20.23611.43 22.8663.26

NS 23.04610.38 22.1463.76 1.33612.70 21.3463.01

IS 21.56610.83 21.1563.29 2.22612.30 20.8061.93

FS 20.76610.54 20.5863.47 2.00612.03 20.4963.18

Control Condition 21.9369.70 20.7763.11 2.27611.58 20.1462.41

Rating of comfort - %

Touch 52.08635.53 49.50633.19 54.33640.27 33.50633.65

NS 52.00631.25 48.00624.70 54.45633.00 30.50627.38

IS 65.50626.13 56.17619.71 58.41622.67 36.58620.94

FS 72.00623.07 53.67621.75 56.75624.31 45.83616.59

Control Condition 68.08630.62 64.75622.00 53. 92628.42 64.00620.27

Mean values 6 standard deviations of cardiac parameters (RSA = Respiratory Sinus Arrhytmia and HR = Heart Rate) and Subjective rating of Comfort for the High and
the Low interoception Groups. RSA and HR are reported as changes from the resting baseline values. NS = Near-peripersonal Space; IS = Intermediate-Peripersonal
Space; FS = Far-peripersonal Space; bpm = beats per minute.
doi:10.1371/journal.pone.0075758.t002
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alized as an index of self-regulation and social engagement

[28,74,75,77,78]. Specifically, the higher the RSA amplitude

the higher the social disposition. Accordingly, higher RSA

amplitude at baseline has been proposed to be a marker for

positive social functioning in children with autism [29,30]. From

the physiological perspective, RSA is a cardiorespiratory phenom-

enon characterized in mammals by heart rate (HR) or R-R

interval (RRI) fluctuations that are in phase with inhalation and

exhalation. RSA is frequently employed as an indicator of cardiac

vagal tone ([79], but see also [26]). Dynamic changes in RSA may

occur across a wide variety of physiological, behavioral and

psychological conditions. For example, during continuous mental

processing (e.g. a cognitive reaction-time task) RSA may be lower

than during quiet relaxation, when breathing is slower and deeper

[80]. In particular, there is evidence that RSA is significantly

reduced during tasks requiring sustained attention [81,82], which

is consistent with the negative values we obtained as changes from

baseline RSA to reactivity for all conditions in both tasks. Another

possible explanation is that, despite in normal context a caress-like

movement could be expected to increase relaxation (i.e., increase

parasympathetic activity), in a situation in which a covered and

unfamiliar person exerts these movements, like in our experimen-

tal settings, this might have contrary effects. If present, such effects

would impinge on all conditions in both Social and Non-social

tasks. That would hardly be consistent with the results of the

comfort rating showing that Social conditions were rated higher

than Non-social conditions by both the High and the Low

interoception groups.

As the first interesting result, we found a positive relation

between interoceptive sensitivity and RSA response specifically for

the social setting. Indeed, only participants scoring higher at the

heartbeat detection task showed higher RSA values (i.e., less RSA

reduction compared to baseline) for Social Control condition, but

not for Non-Social Control condition. This result might suggest

that in contexts affording social interactions people with higher or

lower interoceptive sensitivity specifically diverge in their auto-

nomic response strategy. Indeed, good heartbeat perceivers seem

to be characterized by higher social disposition (higher RSA;

[28,74,75,77,78]). One may argue that higher RSA could also

reflect effortful emotion regulation in presence of a moderately

stressful stimulus, caused by a moderate level of unpleasantness in

the given situation or by social anxiety. These alternative

hypotheses can be both excluded based on our results. On the

one hand, the comfort rating results showed that both groups

experienced the social setting as more pleasant than the non-social.

On the other hand, regression analysis revealed that participants’

anxiety did not significantly contribute to the association between

interoceptive sensitivity and RSA response.

Second, when we tested whether interoceptive sensitivity

predicts RSA response at different social and non-social distances

after subtracting possible effects due to expected/anticipated

touch, we found a positive correlation only for the social setting

between heartbeat perception scores and RSA response at the IS

distance (20 cm from the participant’s hand). ANOVA confirmed

this results. Indeed, it showed that good heartbeat perceivers, but

not poor heartbeat perceivers, responded higher in the social

compared to the non-social settings at each distance. Again, this

suggests that good heartbeat perceivers are generally characterized

by higher social disposition. Moreover, in the Social task RSA

response of the High interoception Group was significantly higher

for the IS condition than the Touch condition, suggesting that

their autonomic strategy to engage in social interaction likely

requires effortful emotion regulation as soon as another enters

one’s peripersonal space. This result is consistent with our previous

observation that expectation of touch experience arising at the

sight of a human hand approaching a rubber hand is enough to

induce embodiment of the rubber hand only when the approach-

ing stimulus (i.e. experimenter’s hand) entered participants’

peripersonal space (at a distance between 15 and 30 cm from

the participant’s hand) [17]. Finally, RSA response of the LG in

the Social task was significantly higher for Touch condition than

all the other conditions, suggesting that they have less efficient

autonomic strategy to engage in social interaction. In other words,

it seems that people with low interoceptive skills are also harder to

engage in social interactions. They actually respond to the

presence of another, provided that the other is very near to their

own body. Based on previous literature on cardiac interoceptive

sensitivity, at least two possible hypotheses can be formulated to

elucidate these results. The first hypothesis refers to the evidence

provided by Matthias and colleagues [83] that interoceptive

awareness is positively related to the attentional processing of

external visual stimuli. Thus, good heartbeat perceivers would be

also more able to focus on behaviourally relevant information

guiding adaptive strategies. The second hypothesis concerns the

interaction between interoceptive sensitivity and body-representa-

tions [15]. High interoceptive sensitivity reduces the malleability of

the multisensory representation of one’ s body contributing to a

more efficient processing of visuo-tactile body-related information

occurring in close peripersonal space. As a consequence,

interoceptive sensitivity might contribute to define safe social

distances [84] and to judge the limits of a safe social space.

Limitations and conclusion
Potential limitations of the present study could stem from the

fact that RSA may reflect individual differences (e.g., novelty of/

habituation to) in responding to experimental settings. Thus,

reactivity to novelty, strangeness, funniness or any other aspect of

the experimental situation may partially contribute to autonomic

responses. However, we believe that this study can shed new light

on the connection between interoceptive sensitivity and social

interaction, suggesting that interoceptive sensitivity likely predicts

inter-individual differences in recruiting adaptive autonomic

response strategy in social settings and everyday life.
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55. Ainley V, Tajadura-Jiménez A, Fotopoulou A, Tsakiris M (2012) Looking into

myself: Changes in interoceptive sensitivity during mirror self-observation.
Psychophysiology. Available: http://www.ncbi.nlm.nih.gov/pubmed/

22978299. Accessed 4 October 2012.
56. Allen JJ, Chambers AS, Towers DN (2007) The many metrics of cardiac

chronotropy: a pragmatic primer and a brief comparison of metrics. Biol Psychol
74: 243–262. Available: http://www.ncbi.nlm.nih.gov/pubmed/17070982.

57. Yaroslavsky I, Bylsma LM, Rottenberg J, Kovacs M (2013) Combinations of

resting RSA and RSA reactivity impact maladaptive mood repair and
depression symptoms. Biological psychology. Available: http://www.ncbi.nlm.

nih.gov/pubmed/23827087. Accessed 15 July 2013.
58. Yaroslavsky I, Rottenberg J, Kovacs M (2013) The utility of combining RSA

indices in depression prediction. Journal of abnormal psychology 122: 314–321.

Available: http://www.ncbi.nlm.nih.gov/pubmed/23713496. Accessed 17 June
2013.

59. Centomo C, Sanavio E (n.d.) Padua Inventory e Beck Depression Inventory.
Indagine su studenti di scuola media superiore.

60. Mathewson KJ, Schmidt LA, Miskovic V, Santesso DL, Duku E, et al. (2013)
Does respiratory sinus arrhythmia (RSA) predict anxiety reduction during

cognitive behavioral therapy (CBT) for social anxiety disorder (SAD)?

International journal of psychophysiology???: official journal of the International
Organization of Psychophysiology 88: 171–181. Available: http://www.ncbi.

nlm.nih.gov/pubmed/23545482. Accessed 15 June 2013.
61. Gorka SM, McGowan SK, Campbell ML, Nelson BD, Sarapas C, et al. (2013)

Association between respiratory sinus arrhythmia and reductions in startle

responding in three independent samples. Biological psychology 93: 334–341.
Available: http://www.ncbi.nlm.nih.gov/pubmed/23528785. Accessed 30 July

2013.
62. Gorka SM, Nelson BD, Sarapas C, Campbell M, Lewis GF, et al. (2013)

Relation between Respiratory Sinus Arrythymia and Startle Response during
Predictable and Unpredictable Threat. Journal of psychophysiology 27: 95–104.

A v a i l a b l e : h t t p : / /w w w . p ub m e dc e n t r a l . n i h . g o v/ a r t i c l e r e nd e r .

fcgi?artid = 3685150&tool = pmcentrez&rendertype = abstract. Accessed 30 July
2013.

63. Willem Van der Does AJ, Antony MM, Ehlers A, Barsky AJ (2000) Heartbeat
perception in panic disorder: a reanalysis. Behaviour research and therapy 38:

47–62. Available: http://www.ncbi.nlm.nih.gov/pubmed/10645023. Accessed

30 July 2013.
64. Pollatos O, Traut-Mattausch E, Schandry R (2009) Differential effects of anxiety

and depression on interoceptive accuracy. Depression and anxiety 26: 167–173.
Available: http://www.ncbi.nlm.nih.gov/pubmed/19152366. Accessed 24 July

2012.

65. Pedrabissi L, Santinello M (1989) Inventario per l’Ansia di ‘‘Stato’’ e di ‘‘tratto’’:
Nuova Versione Italiana dello STAI. Forma Y: Manuale. Organizzaz. Firenze.

66. Ruta L, Mazzone D, Mazzone L, Wheelwright S, Baron-Cohen S (2012) The

Autism-Spectrum Quotient—Italian version: a cross-cultural confirmation of the
broader autism phenotype. Journal of autism and developmental disorders 42:

625–633. Available: http://www.ncbi.nlm.nih.gov/pubmed/21626054. Ac-

cessed 30 July 2013.
67. Carlsson K, Petrovic P, Skare S, Petersson KM, Ingvar M (2000) Tickling

expectations: neural processing in anticipation of a sensory stimulus. Journal of
cognitive neuroscience 12: 691–703. Available: http://www.ncbi.nlm.nih.gov/

pubmed/10936920.

68. Van Ede F, de Lange F, Jensen O, Maris E (2011) Orienting attention to an
upcoming tactile event involves a spatially and temporally specific modulation of

sensorimotor alpha- and beta-band oscillations. The Journal of neuroscience???:
the official journal of the Society for Neuroscience 31: 2016–2024. Available:

http://www.ncbi.nlm.nih.gov/pubmed/21307240. Accessed 30 July 2013.
69. Panksepp J, Nelson E, Bekkedal M (1997) Brain systems for the mediation of

social separation-distress and social-reward. Evolutionary antecedents and

neuropeptide intermediaries. Annals of the New York Academy of Sciences
807: 78–100. Available: http://www.ncbi.nlm.nih.gov/pubmed/9071345. Ac-

cessed 4 October 2012.
70. Damasio AR (1994) Descartes’ error and the future of human life. Scientific

American 271: 144. Available: http://www.ncbi.nlm.nih.gov/pubmed/

7939563.
71. Damasio AR, Grabowski TJ, Bechara A, Damasio H, Ponto LL, et al. (2000)

Subcortical and cortical brain activity during the feeling of self-generated
emotions. Nature neuroscience 3: 1049–1056. Available: http://www.ncbi.nlm.

nih.gov/pubmed/11017179.
72. Dosey MA, Meisels M (1969) Personal space and self-protection. J Pers Soc

Psychol 11: 93–97. Available: http://www.ncbi.nlm.nih.gov/pubmed/5778351.

73. Horowitz MJ, Duff DF, Stratton LO (1964) Body-Buffer Zone; Exploration of
Personal Space. Arch Gen Psychiatry 11: 651–656. Available: http://www.ncbi.

nlm.nih.gov/pubmed/14209746.
74. Porges SW (2007) The polyvagal perspective. Biol Psychol 74: 116–143.

Available: http://www.ncbi.nlm.nih.gov/pubmed/17049418.

75. Porges SW (2009) The polyvagal theory: new insights into adaptive reactions of
the autonomic nervous system. Cleve Clin J Med 76 Suppl 2: S86–90. Available:

http://www.ncbi.nlm.nih.gov/pubmed/19376991.
76. Whitehead W, Drescher V (1981) Perception of gastric contractions and self-

conrtol of gastric motility. Psychophysiology 17: 552–557. doi:10.1111/j.1469-
8986.1980.tb02296.x.

77. Porges SW (2001) The polyvagal theory: phylogenetic substrates of a social

nervous system. Int J Psychophysiol 42: 123–146. Available: http://www.ncbi.
nlm.nih.gov/pubmed/11587772.

78. Graziano PA, Keane SP, Calkins SD (2007) Cardiac vagal regulation and early
peer status. Child Dev 78: 264–278. Available: http://www.ncbi.nlm.nih.gov/

pubmed/17328704.

79. Porges SW (1995) Cardiac vagal tone: a physiological index of stress.
Neuroscience and biobehavioral reviews 19: 225–233. Available: http://www.

ncbi.nlm.nih.gov/pubmed/7630578.
80. Grossman P, Wientjes C (2001) How breathing adjusts to mental and physical

demands. Respiration and Emotion. New York. pp. 43–55.
81. Suess PE, Porges SW, Plude DJ (1994) Cardiac vagal tone and sustained

attention in school-age children. Psychophysiology 31: 17–22. Available: http://

www.ncbi.nlm.nih.gov/pubmed/8146250. Accessed 30 July 2013.
82. Porges SW (1995) Orienting in a defensive world: Mammalian modifications of

our evolutionary heritage. A Polyvagal Theory. Psychophysiology 32: 301–318.
Available: http://doi.wiley.com/10.1111/j.1469-8986.1995.tb01213.x. Ac-

cessed 14 November 2012.

83. Matthias E, Schandry R, Duschek S, Pollatos O (2009) On the relationship
between interoceptive awareness and the attentional processing of visual stimuli.

Int J Psychophysiol 72: 154–159. Available: http://www.ncbi.nlm.nih.gov/
pubmed/19100787.

84. Lloyd DM (2009) The space between us: a neurophilosophical framework for the

investigation of human interpersonal space. Neurosci Biobehav Rev 33: 297–
304. Available: http://www.ncbi.nlm.nih.gov/pubmed/18926850.

Interoceptive Sensitivity and Social Distances

PLOS ONE | www.plosone.org 11 October 2013 | Volume 8 | Issue 10 | e75758


