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Abstract Autism spectrum disorder (ASD) shows deficits

in self-other distinction during theory of mind (ToM). Here

we investigated whether ASD patients also show difficul-

ties in self-other distinction during empathy and if potential

deficits are linked to dysfunctional resting-state connec-

tivity patterns. In a first study, ASD patients and controls

performed an emotional egocentricity paradigm and a ToM

task. In the second study, resting-state connectivity of right

temporo-parietal junction and right supramarginal gyrus

(rSMG) were analysed using a large-scale fMRI data set.

ASD patients exhibited deficient ToM but normal emo-

tional egocentricity, which was paralleled by reduced

connectivity of regions of the ToM network and unim-

paired rSMG network connectivity. These results suggest

spared self-other distinction during empathy and an intact

rSMG network in ASD.

Keywords Autism spectrum disorder � Self-other
distinction � Empathy � Emotional egocentricity � Resting-
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Introduction

Autism spectrum disorder (ASD) is an early-onset neu-

rodevelopmental disorder characterized by impairments in

social communication, interaction, and stereotyped or

repetitive behaviors and interests (Association Psychiatric

Association 2013). Already in his original paper, Asperger

(1944) described the children he studied as being ‘‘ego-

centric to the extreme’’. Consequently, one of the most

consistently reported social cognition deficits in ASD has

been in theory of mind (ToM) (Baron-Cohen et al. 1985;

Castelli et al. 2002; Frith and Frith 2012; Happé 1994), the

socio-cognitive ability to understand the mental states of

others, such as beliefs and intentions (Premack and Woo-

druff 1978). When engaging in ToM tasks, higher ego-

centrism of individuals with ASD compared to non-autistic

individuals is for example evidenced by their increased

difficulty in passing false-belief tasks (Baron-Cohen et al.

1985; Begeer et al. 2012; Senju et al. 2010; Senju et al.

2009).

It has been proposed that the underlying problem in

ToM and in particular false-belief understanding for indi-

viduals with ASD is difficulties in differentiating between

perspectives of self and other, also known as self-other

distinction (Lombardo and Baron-Cohen 2011). Human

interpersonal understanding often relies on mechanisms of

self-projection and simulation (Bastiaansen et al. 2009;

Brass et al. 2009; Decety and Lamm 2007; Gallese 2001,

2007; Gallese and Goldman 1998; Mitchell 2009; Nicker-

son 2001; Silani et al. 2013; Singer 2012; Singer et al.

2004; Steinbeis et al. 2014; Van Boven and Loewenstein

2003). However, such projection mechanisms fail in

making sense of other’s mental states in situations where

mental states of self and other clearly differ, such as in

typical false-belief tasks, eventually leading to
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egocentrically biased judgments (Birch and Bloom 2007;

Pronin 2008; Royzman et al. 2003). To avoid egocentri-

cally biased judgments, a mechanism differentiating

between self and other perspectives has to be in place. In

sum, context appropriate differentiation of self and other

might be at the core of many social cognition deficits

displayed in ASD.

While self-other distinction during ToM seems to be

crucial, recent evidence has shown that self-other distinc-

tion is of equal importance during empathic judgments

(Silani et al. 2013; Steinbeis et al. 2014). Empathy involves

sharing the emotional state of others while being aware that

the other is the source of that state (Singer and Lamm

2009), requiring emotional self-other distinction particu-

larly in cases, where emotional states of self and other are

incongruent. Failure of self-other distinction during

empathy results in egocentric emotional responses, e.g.

failure to share sadness of a friend when being in a good

mood. While deficits in ToM in ASD have been consis-

tently reported, it remains less clear whether individuals

with ASD also have difficulties in empathy, particularly

when emotional states between oneself and others differ in

valence. There is indeed good evidence that empathy may

be intact in ASD (Bird et al. 2010; Hadjikhani et al. 2014;

Jones et al. 2010; Lockwood et al. 2013; Rogers et al.

2007). While some studies have reported lower empathy in

ASD (Dapretto et al. 2005; Minio-Paluello et al. 2009),

there is increasing evidence that such deficits might arise

more from comorbid alexithymia, i.e. inability to identify

and describe one’s own emotions, as opposed to autism-

specific deficits per se (Bird and Cook 2013). As empathy

might thus be intact in ASD, it is still an open question if,

in case of incongruent emotional states, individuals with

ASD would display increased emotional egocentricity,

indicating poor self-other distinction also in the affective

domain. In Study 1 our main aim was therefore to test for

increased emotional egocentricity bias (EEB) in ASD

compared to normal controls. We used the EEB touch-

paradigm (ETOP, Silani et al. 2013), in which emotions are

induced via tactile stimulation. The ETOP allows to mea-

sure pure empathic judgments under different conditions,

when emotional states of self and other are congruent or

incongruent, thus assessing simple empathic judgments,

but also self-other distinction during empathic judgments.

A key brain region adequately suited for self-other dis-

tinction in the cognitive domain, being a hub of both

interoceptive and exteroceptive information pathways is

the so-called temporo-parietal junction (TPJ). TPJ has

shown to be consistently recruited during ToM (Aichhorn

et al. 2006; Decety and Lamm 2007; Ramsey et al. 2013;

Sommer et al. 2007). In particular the right TPJ, has been

suggested to play a major role during ToM, especially

when self-other distinction is required (Aichhorn et al.

2006; Sommer et al. 2007). It has however been argued that

rTPJ plays a more general role in self-other distinction in

the cognitive as well as motor domain, based on results

from meta analyses and single studies, showing a relation

between the inhibition of spontaneous imitation tendencies

(i.e. self-other distinction in the motor domain) and ToM

abilities (Santiesteban et al. 2012b; Spengler et al. 2009,

2010). A recent study using transcranial direct current

stimulation (tDCS) of rTPJ provided strong evidence that

rTPJ is causally involved in differentiating self and other

during imitation inhibition and ToM (Santiesteban et al.

2012a). Thus rTPJ might help to differentiate self and other

perspectives during ToM but also during imitation. In the

case of ASD, structural and functional abnormalities of

rTPJ have been linked to social cognition deficits (Castelli

et al. 2002; David et al. 2014; Kana et al. 2012; Lombardo

et al. 2011; Mueller et al. 2013; Pitskel et al. 2011;

Washington et al. 2013). Conversely, recent research sug-

gests that self-other distinction in the emotional domain

may be subserved by brain regions that are part of the

temporo-parietal cortex, but slightly more anterior to TPJ,

namely the right supramarginal gyrus (rSMG). Thus, using

a design structurally analogous to classic false-belief tests

of ToM in which another’s belief will be counter to one’s

own tasks but substituting beliefs for emotional experience

a study by Silani et al. (2013) demonstrated that adults

when judging the emotional state of another person

incongruent to their own provide judgments skewed in

favour of their own experience, something also known as

EEB. Crucially, the rSMG was functionally implicated in

overcoming EEB. Peaks of this activation were distinct

from other subregions of temporo-parietal cortex involved

in ToM. In line with these findings, a study by Steinbeis

et al. (2014) showed in a resting-state connectivity analysis

that rSMG showed stronger functional connectivity to

regions of the empathy network, such as the middle cin-

gulate cortex, bilateral anterior insulae (AI), extending to

inferior frontal gyrus (IFG) and bilateral dorsolateral pre-

frontal cortex (DLPFC), while rTPJ showed stronger

functional connectivity to nodes of the ToM network,

including the medial prefrontal cortex (MPFC) and the

precuneus. Taken together these findings corroborate the

hypothesis that the broader area usually referred to as

temporal parietal cortex consists of important subdivisions

that in turn might subserve different functions in the con-

text of social cognition respectively such as self-other

distinction during empathy on the one hand as compared to

ToM on the other. It has to be explicitly noted here that

while rTPJ and rSMG seem to have crucial functions

during social cognitive processes as described above, both

regions are involved in numerous other non-social cogni-

tive functions (Carter and Huettel 2013; Geng and Mangun

2011; Menon et al. 1997; Stoeckel et al. 2009).
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Nonetheless, the aim of our complementary Study 2 was to

test for differences in the associated brain regions sup-

porting the function of self-other distinction in the emo-

tional domain on the one hand and in the cognitive domain

on the other. In order to do so we conducted a resting-state

analysis using previously identified brain regions critically

involved in emotional egocentricity and ToM as seed

regions. Because no resting-state data were available for

the same set of participants as in Study 1, we analyzed

resting-state functional connectivity data in an independent

large multi-center sample of individuals with ASD and

matched healthy controls; seeding from rSMG, a region

directly implicated in overcoming emotional egocentricity

and rTPJ, a region commonly shown to play a crucial role

during ToM.

To sum up we aimed to investigate whether individuals

with ASD relative to healthy controls would show normal

emotional egocentricity, differentiating emotional states of

self and other during empathic judgments, associated with

intact functioning of the rSMG-related brain network. In

contrast we hypothesized that individuals with ASD rela-

tive to healthy controls would exhibit known deficits in

ToM possibly linked to problems differentiating self and

other perspectives in the cognitive domain related to

aberrant functioning of the rTPJ-related brain network.

Methods

Participants

Behavioral Sample

For Study 1, 32 with ASD and 26 healthy controls were

recruited. In the case of the ASD patients, 4 participants

showed abnormal emotional responses to the stimuli (e.g.,

rated positive stimuli as negative and vice versa) and were

excluded from further analysis. 3 ASD patients and 1

healthy control participant were later excluded, showing

abnormal emotional egocentricity, with ratings above two

standard deviations. Subsequently the final sample inclu-

ded 25 adults with ASD and 25 IQ and gender-matched

neurotypical participants (see Table 1). ASD patients were

relatively high-functioning. ASD participants were recrui-

ted through the outpatient clinic of the Charité University

Medicine Berlin, or were referred to us by specialized

clinicians. Diagnoses according to DSM-IV criteria

(American Psychiatric Association 2000) for Asperger

disorder and autistic disorder without intellectual disabili-

ties were based on expert clinical opinion, the Autism

Diagnostic Observation Schedule (ADOS, Lord et al. 2000),

and the Autism Diagnostic Interview-Revised (ADI-R,

Lord et al. 1994), if parental information was available

(n = 14). ADOS—scores are used as a measure for

symptom severity throughout this article. Healthy control

(HC) participants with no history of psychiatric or neuro-

logical disorders were recruited by public notices and from

project databases of the Freie Universität Berlin and the

Max Planck Institute for Human Cognitive and Brain

Sciences Leipzig, Germany. Crystalline and fluid intelli-

gence levels were estimated by means of a verbal intelli-

gence German vocabulary test/Mehrfach-Wortschatz-Test

(MWT, Lehrl et al. 1995) and a strategic thinking test

(LPS, subscale 4, Horn 1962) respectively, and combined

to yield a full scale IQ (FIQ). Autistic traits and Alex-

ithymia were assessed in both groups using the Autism

Quotient and the Toronto Alexithymia Scale (TAS-26,

Taylor et al. 1985), respectively. Participants LPS, subscale

4 gave informed consent prior to participation and received

payment. The study was approved by the ethics committee

of the German Society for Psychology (DGPs).

Imaging Sample

For Study 2, we studied a subsample of 163 (84 ASDs, 79

healthy controls) male participants from the Autism Brain

Imaging Data Exchange (ABIDE) database, a publically

available multi-center aggregate of previously collected

structural and functional MRI data from individuals with

ASD and healthy controls (see http://fcon_1000.projects.ni

trc.org/indi/abide/). ASD patients were relatively high-

functioning. After the exclusion of individuals with too

much head-motion the final sample consisted of 155 male

participants (78 ASDs, 77 healthy controls, see Table 2 and

‘‘Methods’’). ASD diagnoses according to DSM-IV criteria

(American Psychiatric Association 2000) were based on

expert clinical opinion, the Autism Diagnostic Observation

Schedule, ADOS (n = 63) (Lord et al. 2000), and/or the

Autism Diagnostic Interview-Revised, ADI-R (n = 27)

Table 1 Demographic and clinical characteristics of the behavioral

sample (Study 1)

Behavioral sample ASD HC ASD versus HC

M (SD) M (SD)

Sample size 25 25

Gender 18 Males 18 Males

Age 32.6 (8.5) 32.4 (8.5) p = .960

Full IQ 115.8 (9.1) 112.8 (8.0) p = .246

AQ 36.9 (8.0) 13.7 (4.7) p\ .001***

TAS-26 54.2 (10.0) 37.4 (7.8) p\ .001***

ADOS 11.0 (3.8)

Statistics applied: independent t test

* p\ .05; ** p\ .01; *** p\ .001
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(Lord et al. 1994). Note that for the individuals of the

behavioral sample no resting-state scans were available. To

further inform the behavioral results, however, we chose to

analyze resting-state data from the ABIDE database. The

selected sample was chosen to be within the same age

range as the behavioral sample (20–55 years), and ASD

participants of both samples did not differ in terms of

symptom severity as measured through the ADOS. Within

the imaging sample, individuals with ASD only differed in

terms of full scale IQ to the healthy controls. Subsequently,

full scale IQ was used as a covariate of no interest in the

resting-state analysis.

The sample selected for this study consisted of male

participants from 7 different sites: (1) California Institute

of Technology (n = 26, 13 ASDs, 13 healthy controls); (2)

University of Leuven (n = 27, 13 ASDs, 14 healthy con-

trols); (3) Olin, Institute of Living at Hartford Hospital

(n = 10, 5 ASDs, 5 healthy controls); (4) University of

Pittsburgh, School of Medicine (n = 21, 10 ASDs, 11

healthy controls); (5) Trinity Centre for Health Sciences

(n = 19, 9 ASDs, 10 healthy controls); (6) University of

Utah, School of Medicine (n = 5, 5 healthy controls) and

(7) University of Michigan (n = 55, 34 ASDs, 21 healthy

controls).

EEB Touch-Paradigm (ETOP)

The design and procedure of this paradigm was identical to

that reported in Silani et al. (2013). Participants unknown

to each other were assigned pairwise to an experimental

session. Sitting back to back in front of a touch screen

(800 9 600 pixels resolution, 15 in. screen, viewing dis-

tance *40 cm) they were asked to rate the pleasantness or

unpleasantness of tactile stimulation of their left palm

hidden behind a curtain preventing them to observe the

different stimulation materials. Before the start, partici-

pants were familiarized with the rating scale which was

presented on the touch screen and performed 6 practice

trials for each experimental condition. Participants started

with the individual conditions instructed to either judge the

pleasantness of their own touch stimulation (individual self

condition) or the pleasantness of the tactile stimulation for

the other person (individual other condition). The indi-

vidual conditions were blocked and counterbalanced. In the

individual self condition a picture (size 336 9 336 pixels)

appeared on the screen accompanied by a corresponding

tactile stimulation of the participant’s left hand at 1 Hz for

3000 ms (e.g. a picture of a rose while the participant was

touched by a silky object). Immediately after the stimula-

tion phase participants judged the pleasantness or

unpleasantness of the tactile experience by using the touch

screen rating scale (ranging from -10 to 10), within

3000 ms response time. In the individual other condition,

the trial structure remained the same, but the participant did

not receive any tactile stimulation. Instead, he was

instructed to judge the pleasantness of the tactile experi-

ence for the other participant based on the picture indi-

cating what tactile stimulation the other participant

received. Each run consisted of 30 pseudo-randomized

trials, with 10 pleasant, 10 neutral and 10 unpleasant visuo-

tactile stimuli. This resulted in a three-factorial mixed

design with the two within-subjects factors target (self,

other judgment) and valence (pleasant, neutral and

unpleasant stimulation) and the between-subjects factor

group (healthy controls and ASD).

In the following simultaneous conditions both partici-

pants in the room received tactile stimulation simultane-

ously, and were instructed to either judge the pleasantness

of their own tactile experience (simultaneous self condi-

tion) or judge the pleasantness of the tactile experience for

the other person (simultaneous other condition). The

simultaneous conditions were blocked and counterbal-

anced. In these conditions two pictures appeared on the

screen, while the left picture with the label ‘‘Self’’ on top

corresponded to the tactile stimulation the participant

received, the right picture with the label ‘‘Other’’ corre-

sponded to the touch the other person received. The touch

experiences of the two participants could be either affec-

tively congruent (e.g. both touched by pleasant materials,

e.g. silk and fur) or incongruent (e.g. one gets touched by a

pleasant, the other by an unpleasant material, e.g. silk and

rubber spider). The EEB was defined as the difference

between ratings in incongruent and congruent trials when

judging the other, as compared to the difference when

judging one’s own feelings. In this way, the simultaneous

self condition served as a control for general perceptual or

cognitive confounds—such as visual and affective stimulus

comparison, detection of incongruency, or overcoming

general response conflict. For the simultaneous conditions

each run consisted of 40 pseudo-randomized trials, with 20

pleasant (10 congruent/10 incongruent) and 20 unpleasant

Table 2 Demographic and clinical characteristics of the fMRI sam-

ple (Study 2)

fMRI sample ASD HC ASD versus HC

M (SD) M (SD)

Sample size 78 77

Gender All males All males

Age 25.4 (6.9) 25.5 (6.1) p = .956

Full IQ 108.1 (16.3) 115.6 (11.9) p = .001**

ADOS (N = 63) 12.6 (3.9)

Statistics applied: independent t test

* p\ .05; ** p\ .01; *** p\ .001
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(10 congruent/10 incongruent) visuo-tactile stimuli. This

resulted in a four-factorial mixed design with the three

within-subjects factors target (self, other judgment), va-

lence (pleasant, unpleasant stimulation), and congruence

(congruent, incongruent stimulation of participant and

other) and the between-subjects factor group (healthy

controls and ASD). The significant triple interaction of

target 9 congruency 9 group would be indicative of a

significant group difference in the size of the EEB. Data

analysis was performed using the IBM SPSS statistics

software, version 19.0.

Movie for the Assessment of Social Cognition

(MASC)

During the MASC participants are watching a 15 min

movie about four characters spending an evening together,

which is stopped 45 times for questions about the actors’

mental states. Correct responses were computed to a total

score. The MASC has proven internal consistency, sensi-

tivity, stability over time (Dziobek et al. 2006) and has

been used with different patient populations (Montag et al.

2010, 2011; Ritter et al. 2011).

Resting-State Connectivity Analysis

Data were processed using the data processing assistant for

the resting-state fMRI toolbox (DPARSF) (DPARSF, Song

et al. 2011) for Matlab. The toolbox is based on the Sta-

tistical Parametric Mapping toolbox (SPM8, http://www.fil.

ion.ucl.ac.uk/spm). In brief, preprocessing discarded the

first 10 volumes, performed slice time correction, motion

correction and realignment, and co-registered the func-

tional time series to the corresponding T1-weighted MRI.

Images underwent DARTEL-based segmentation and reg-

istration, followed by nuisance covariate regression to

remove effects of average WM and CSF signal, as well as

six motion parameters (three translations and three rota-

tions). To deal more thoroughly with possible differential

motion artifacts in our samples we included the scrubbing

approach advocated by Power et al. (2012), which models

bad time points [based on the framewise displacement

threshold, FD (Power), of .5 mm or higher; together with

one time point before and one time point after each such

time point] as separate regressors during the nuisance

covariate correction. Time series were band-pass filtered to

be within the .01 and .08 Hz band (Satterthwaite et al.

2013), normalized to MNI space, resampled to 3 mm

voxels, and spatially smoothed using a 8 mm full-width-at-

half-maximum (FWHM) isotropic Gaussian kernel. In the

resting-state sample, 6/84 individuals with ASD and 2/79

of healthy controls showed head-motion beyond 3 mm

translation or 3 degrees of rotation and were excluded from

all further analysis. Functional connectivity maps were

generated for both rSMG and rTPJ, based on the overlap of

activations from two separate fMRI experiments (Silani

et al. 2013) using the ETOP (MNIxyz = 65, -37, 33) and a

coordinate-based meta-analysis of rTPJ-activation in ToM

studies by Mar (2011) respectively (MNIxyz = 51, -52,

21). The rSMG region from these fMRI experiments was

based on the contrast (Other Judgment: Incongru-

ent[Congruent)[ (Self Judgment: Incongruent[Con-

gruent). The rTPJ region was based on meta-analytic

activation of rTPJ in story-based and nonstory based ToM

studies. Results of this analysis were provided as a NIfTI

File thresholded at p = .01, FDR-corrected. Both regions

the rSMG and rTPJ region were adjacent to each other but

spatially non-overlapping (Fig. 1). Functional connectivity

was calculated as the time series correlation between the

mean time series of the seed region and the time series of

all brain voxels. Time-series correlation coefficients

underwent a Fisher r-to-z transformation to render the data

more normally distributed. Group differences in functional

connectivity were analyzed with SPM8 using random-ef-

fects models, assessing interactions between within-subject

difference of rTPJ to rSMG connectivity and the group. For

ASD patients whole-brain correlations were run using the

ADOS social score, as a measure of symptom severity. The

number of sites, age and FIQ were included in the model as

covariates of no interest. Using Monte Carlo simulation

correcting for multiple comparison cluster size corrected

results are reported (voxel-wise p value of .01 combined

with an extent threshold of 77 voxels corresponded to

cluster-wise family-wise error rate of .05).

Fig. 1 Display of adjacent but non-overlapping rSMG and rTPJ

regions used for functional connectivity analysis in a large indepen-

dent sample of individuals with ASD and healthy controls. The rSMG

region consists of an overlap of activations of two fMRI experiments

(MNIxyz = 65, -37, 33) looking at the neuronal basis of the EEB

using the ETOP (Silani et al. 2013). The rTPJ region (MNIxyz = 51,

-52, 21) was taken from a meta-analytic activation during ToM (Mar

2011)
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Results

EEB Touch-Paradigm (ETOP)

Individual Conditions

Investigating whether the emotion induction worked for

both groups the individual conditions were analysed with

an analysis of variance (ANOVA) on the affective ratings

with target (self vs. other) and valence (positive, neutral,

negative) as within-subjects factors and group (ASD vs.

healthy controls) as between-subjects factor.

The results revealed a significant main effect of valence

(F1,96 = 221.48, p\ .001, gp
2 = .822), and target (F1,48 =

8.33, p\ .001, gp
2 = .148), as well as a significant target

by valence (F1,96 = 13.09, p\ .001, gp
2 = .214) and

valence by group interaction (F1,96 = 6.40, p\ .001, gp
2 =

.118). There was no significant main effect of group or

further significant interaction with group (Fs\ 1.84,

ps[ .164). Post-hoc tests showed that the ASD group rated

the negative and positive emotions less intense for self and

other. After controlling for alexithymia, no group differences

remained, indicating equally effective emotion induction for

both groups by means of visuo-tactile stimulation.

Simultaneous Conditions

To investigate whether ASD participants and healthy

controls display different emotional egocentricity an

ANOVA on the affective ratings with target, congruency

and valence as within-subjects factors and group as

between-subjects factor was performed.

The results showed significant main effects of target

(F1,48 = 11.14, p = .002, gp
2 = .188), valence (F1,48 =

16.92, p\ .001, gp
2 = .261), and group (F1,48 = 6.10,

p = .013, gp
2 = .113), and significant interactions of target

and valence (F1,48 = 9.57, p = .003, gp
2 = .166), and

congruency, emotion and group (F1,48 = 4.70, p = .035,

gp
2 = .089). Importantly however, while there was a sig-

nificant target by congruency interaction (F1,48 = 10.58,

p = .002, gp
2 = .181), there was no significant interaction

of target, congruency and group, suggesting no group dif-

ference in emotional egocentricity (F1,48 = .17, p = .684,

gp
2 = .003). Both ASD participants and healthy controls

however showed a significant EEB (F1,24 = 5.56,

p = .027, gp
2 = .188; F1,24 = 5.27, p = .031, gp

2 = .180).

Including the TAS score as a covariate in the model

revealed no significant interaction of target, congruency

and group (F1,48 = .02, p = .882, gp
2 = .00047), ruling out

that any possible differences in EEB between healthy

controls and ASD participants was being masked by

alexithymia in the ASD group. In fact, the EEB of ASD

participants and healthy controls was comparable in size

(t48 = .41, p = .684, 95 % CI -.40 B l1–l2 B .60,

d = .11, 95 % CI -.44 B D C .67) (ASD = .35, healthy

controls = .45, Fig. 2a). The EBB in ASD participants was

unrelated to symptom severity (r = -.20, p = .365).

Movie for the Assessment of Social Cognition

(MASC)

ASD participants showed significantly lower scores on the

MASC (t46 = 2.32, p = .025; Fig. 2b) Scores on the

MASC were negatively related to symptom severity as

measured by the ADOS (r = -.69, p = .001). Addition-

ally the MASC score were unrelated to the EEB for ASD

patients (r = .10, p = .648) and healthy controls

(r = -.08, p = .712).

Resting-State Connectivity Analysis

We directly compared the voxel-wise connectivity strength

of both regions within subjects combining individuals with

ASD and healthy controls. The rSMG showed marked

connectivity patterns relative to rTPJ to the lSMG, the

bilateral AI extending into IFG, the medial cingulate cortex

(MCC) and bilateral dorsal lateral prefrontal cortex

(DLPFC). In contrast rTPJ showed significantly stronger

functional connectivity compared to rSMG, to the left TPJ,

precuneus, posterior cingulate cortex (PCC), and MPFC

(see Fig. 3; Table 3). These results of different connec-

tivity profiles for rSMG and rTPJ converge nicely with

other parcellations of the temporo-parietal region (Bzdok

et al. 2013; Mars et al. 2012). To investigate possible group

differences in functional connectivity in the rSMG or the

rTPJ network between ASD participants and healthy con-

trols, we tested for an interaction between connectivity

difference and group. Findings revealed significant differ-

ences in rTPJ (FWE\ .05, Fig. 4a) but not rSMG

(Fig. 4b) functional connectivity between the two groups

(see also Table 3). Individuals with ASD displayed sig-

nificantly reduced functional connectivity from rTPJ to

lTPJ, precuneus, PCC, and MPFC. In addition a regression

analysis within the rTPJ network using ADOS social

interaction scores revealed that with increasing rTPJ-PCC

coupling symptom severity decreased within the ASD

sample (Fig. 4c).

Discussion

Previous studies consistently report findings on ToM deficits

in ASD, presumably based on altered processes of self-other

distinction in the cognitive domain (e.g. Lombardo and

Baron-Cohen 2010; Lombardo et al. 2010). Evidence for
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comparable deficits in the domain of empathy in ASD has

remained inconsistent, thus demanding a more detailed

investigation. In Study 1 we focused on behaviorally

investigating a more specific socio-affective ability, namely

affective self-other distinction as assessed by the ability to

overcome emotional egocentricity during empathic judg-

ments in individuals with ASD using the ETOP (Silani et al.

2013), while also assessing ToM abilities with an estab-

lished task (Dziobek et al. 2006). In addition, Study 2 aimed

to shed light on the integrity of neuronal networks associated

with overcoming egocentricity (through self-other distinc-

tion) during empathy and ToM in ASD.

Study 1 found in line with the literature, that individuals

with ASD show deficits in ToM (Baron-Cohen et al. 1985,

2001; Castelli et al. 2002; Dziobek et al. 2006; Happé

1994; Klin 2000). However, using the previously estab-

lished ETOP, both, ASD participants and healthy controls,

showed a significant EEB, comparable in size, suggesting

no enhanced emotional egocentricity in ASD, and impli-

cating relatively intact self-other distinction during

empathic judgments. Thus, according to these results,

individuals with ASD are not more prone to project their

own feelings onto others/bias their perception of feelings of

others towards their own feelings than neurotypical indi-

viduals. Additionally, in ASD participants, ToM abilities

were significantly related to symptom severity, while the

EEB was not. These behavioral findings suggest that

individuals with ASD might have specific deficits in ToM

but not in self-other distinction during empathic judgments,

extending previous findings of intact empathy, that this is

also the case even when emotional states between oneself

and others are incongruent. The finding of an equally sized

EEB in ASD as compared to healthy controls suggests that

a more detailed account of social cognition deficits in ASD

is required, as is also suggested by previous findings of

spared socio-affective functions (Bird et al. 2010; Had-

jikhani et al. 2014; Jones et al. 2010; Lockwood et al. 2013;

Rogers et al. 2007).

Fig. 2 a Display of the

emotional egocentricity bias

(EEB). Both groups displayed a

significant EEB but the size of

the EEB was similar for

individuals with ASD and

healthy controls, suggesting

intact self-other distinction

during empathic judgments in

ASD. b MASC Total Score. As

expected healthy controls

showed a significantly greater

MASC score than individuals

with ASD, suggesting deficient

ToM in ASD

Fig. 3 Display of the rSMG and the rTPJ network. Seed-based

resting-state functional connectivity analysis revealed marked diver-

gent connectivity profiles for rSMG and rTPJ (FWE\ .05). RSMG

shows greater functional coupling compared to rTPJ with lSMG,

bilateral AI, IFG, DLPFC and MCC. Whereas rTPJ shows greater

functional coupling compared to rSMG with lTPJ, MPFC, PCC,

precuneus, temporal poles
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The analyses of Study 2 of networks underlying over-

coming emotional egocentricity during empathy and ToM,

showed that rSMG and rTPJ display highly specific resting-

state connectivity profiles, further supporting the view of a

functional segregation of these two networks (Silani et al.

2013). The rSMG, relative to rTPJ, was significantly con-

nected to bilateral AI and MCC, i.e., regions which have

been consistently shown to play a crucial role in emotion

processing such as during interoception and empathy

(Lamm et al. 2011; Singer et al. 2004, 2009). The rTPJ,

relative to the rSMG, was in contrast predominantly con-

nected with PCC, precuneus, MPFC, and lTPJ, all regions

commonly associated with cognitive processes such as

attentional processing, default mode brain function, as well

as ToM (Buckner et al. 2008; Carter and Huettel 2013;

Frith and Frith 2006; Gusnard et al. 2001; Van Overwalle

2009). These differing resting-state profiles of rSMG and

rTPJ are in accordance with previous parcellations of the

TPJ (Bzdok et al. 2013; Mars et al. 2012).

More importantly, the direct comparison of these net-

works between the healthy control and ASD samples

revealed that in line with the behavioral patterns observed

in Study 1, ASD participants displayed abnormal resting-

state connectivity in the ToM network with significantly

decreased functional connectivity of the rTPJ to the MPFC,

PCC and lTPJ, but no significant functional connectivity

decrease in the rSMG network. Additionally, symptom

severity was shown to correlate negatively with increasing

rTPJ/PCC coupling, speaking to the importance of the ToM

network abnormalities in contributing to autistic symp-

tomatology. These findings are in accordance with influ-

ential ‘‘disconnection theories’’ of ASD, suggesting that a

Table 3 Peak coordinates from

significant clusters observed in

all analyses in Study 2

Anatomical label MNI coordinates Cluster size T value

x y z

rSMG[ rTPJ

Right SMG 63 -36 33 609 42.92

Left SMG -63 -39 36 426 16.87

Right AI/IFG 48 12 0 869 10.34

Left DLPFC -42 45 30 326 9.95

Left AI/IFG -33 18 9 478 9.91

MCC 6 18 30 226 6.55

Right cingulate gyrus 12 -27 42 14 5.74

Left superior frontal gyrus -24 42 -15 2 4.57

rTPJ[ rSMG

Right TPJ 51 -54 21 6125 39.54

Left TPJ -48 -60 24 1048 15.59

Left middle temporal gyrus -60 -3 -21 1252 15.32

Right superior frontal gyrus 21 36 48 5226 14.91

Left cerebellum -30 -78 -33 525 9.37

Left cerebellum -6 -54 -45 184 9.09

Right cerebellum 30 -78 -33 430 8.57

Left middle frontal gyrus -33 54 -6 2 4.72

HC[ASD[ rSMG[ rTPJa

N.S.

HC[ASD[ rTPJ[ rSMGa

Left TPJ -42 -66 21 311 3.61

Left middle frontal gyrus -21 21 39 170 3.37

Left precuneus -3 -63 27 611 3.29

Right superior frontal gyrus 6 66 0 236 3.15

Right TPJ 39 -60 27 147 3.08

Right middle frontal gyrus 27 33 45 86 3.01

ADOS social interaction regression in rTPJ networka

Left middle temporal gyrus -30 -66 21 211 4.31

Right posterior cingulate 18 -54 18 167 4.28

a Results are cluster-wise corrected at FWE\ .05
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disruption of a combination of frontotemporal, frontolim-

bic, frontoparietal and interhemispheric connections might

be at the heart of the autistic condition (Belmonte et al.

2004; Courchesne and Pierce 2005; Geschwind and Levitt

2007; Just et al. 2007, 2012). One problem of the ‘‘dis-

connection theories’’ of ASD is the lack of specificity,

being short of explanation to why some abilities in ASD

are deficient, some remain spared and some even seem to

be enhanced (Geschwind and Levitt 2007). Our results

suggest that in the case of the temporo-parietal cortex in

ASD, disrupted functional connectivity to other regions of

the brain might be highly specific to TPJ but not the

adjacent SMG, indicating that underconnectivity in ASD

might just pertain to very specific brain networks. The

finding of an intact rSMG but deficient rTPJ connectivity in

ASD can also be seen as in accordance with findings

suggesting that the ventral attention network of which

rSMG represents a hub, is generally less impaired in ASD

in contrast to the default mode network (Cherkassky et al.

2006; Kennedy and Courchesne 2008; von dem Hagen

et al. 2013). In sum, these resting-state connectivity find-

ings complement our behavioral findings of unaffected

emotional self-other distinction during empathy in ASD

but deficient ToM. They suggest that intact functioning of

the rSMG network links with intact self-other distinction

during empathy in ASD, while aberrant functioning of the

rTPJ network possibly contributes to ToM deficits, which

in turn add to the autistic symptomatology.

Taken together, this study provides novel evidence that

self-other distinction deficits and resulting egocentricity in

ASD are mainly present in the cognitive domain, not

extending into the affective domain of empathy. The

finding of intact emotional self-other distinction is in

accordance with other findings showing partly intact

empathic responding in ASD without comorbid alex-

ithymia (Bird et al. 2010; Hadjikhani et al. 2014; Silani

et al. 2008). Thus, importantly individuals with ASD

exhibit even intact empathic judgments, when self and

other are in different emotional states, which represents

another spared socio-affective ability in ASD. Together

this study and previous ones point to the need to closely

reconsider the exact features of the social deficits portrayed

in ASD and to strive for a more fine-grained characteri-

zation of this developmental disorder. Identifying areas of

intact functioning in ASD could help to inform targeted-

intervention programs and in the case of spared socio-af-

fective abilities could play a major role as compensatory

mechanisms in therapy.

This study also has some limitations. It would have been

favorable to perform the resting-state connectivity analyses

on the behaviorally tested sample. Unfortunately however,

as mentioned in the method section, resting-state scans

were not available for the behavioral sample. On the upside

the use of a large independent sample for the resting-state

connectivity analyses, diminishes concerns about possible

power issues for detecting effects. In addition, while

Fig. 4 a Display of significant group difference in resting-state

connectivity in the rTPJ network. Findings revealed significant

differences in rTPJ but not rSMG functional connectivity between the

two groups, with individuals with ASD showing reduced functional

connectivity from rTPJ to lTPJ, precuneus, PCC and MPFC

(FWE\ .05, cluster corrected). b No significant group difference in

resting-state connectivity in the rSMG network (FWE\ .05, cluster

corrected). c Brain regions showing increased coupling during rest

with rTPJ with decreasing symptom severity (ADOS social interac-

tion) within the ASD sample (FWE\ .05, cluster corrected). Stronger

connectivity between regions of the PCC with rTPJ in individuals

with ASD predicts smaller ADOS social interaction scores
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functional connectivity differences at rest as reported in

this study, do not necessarily also reflect functional con-

nectivity differences during tasks (Hasson et al. 2009;

Mennes et al. 2013), there is strong evidence that task-

related functional connectivity in the brain is primarily

composed of intrinsic functional connectivity (Cole et al.

2014; Smith et al. 2009). Nevertheless, future studies

should also test the ETOP with healthy controls and indi-

viduals with ASD directly in the scanner, to investigate

whether the rSMG network is also intact in ASD during the

task itself.

In conclusion, this study demonstrated that while indi-

viduals with ASD exhibited expected deficits in ToM,

emotional egocentricity was comparable to that of healthy

controls, suggesting intact self-other distinction during

empathic judgments. Importantly, via brain analyses we

were able to associate self-other distinction during empathy

on the one hand and ToM on the other to clearly divergent

resting-state connectivity profiles with two adjacent seed

regions in the right temporo-parietal junction, the rTPJ and

rSMG, thus replicating previous findings. Importantly, and

in line with the behavioral results, only the connectivity

from rTPJ and not rSMG was significantly reduced for

ASD patients compared to controls and correlated with

symptom severity. This suggests that unlike ToM and its

associated underlying rTPJ network, self-other distinction

during empathy and its underlying rSMG network remain

spared in individuals with ASD. These findings provide

further detail for a more fine-grained characterization of

social deficits in ASD, providing evidence for spared

social-affective functioning, but deficiencies in socio-cog-

nitive functioning.
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