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Autistic traits are associated with diminished neural
response to affective touch

Avery C. Voos, Kevin A. Pelphrey, and Martha D. Kaiser
Yale Child Study Center, Yale University, New Haven, CT, USA

‘Social brain’ circuitry has recently been implicated in processing slow, gentle touch targeting a class of slow-conducting, unmyelinated nerves, CT
afferents, which are present only in the hairy skin of mammals. Given the importance of such ‘affective touch’ in social relationships, the current
functional magnetic resonance imaging (fMRI) study aimed to replicate the finding of ‘social brain’ involvement in processing CT-targeted touch and to
examine the relationship between the neural response and individuals’ social abilities. During an fMRI scan, 19 healthy adults received alternating
blocks of slow (CT-optimal) and fast (non-optimal) brushing to the forearm. Relative to fast touch, the slow touch activated contralateral insula, superior
temporal sulcus (STS), medial prefrontal cortex (mPFC), orbitofrontal cortex (OFC) and amygdala. Connectivity analyses revealed co-activation of
the mPFC, insula and amygdala during slow touch. Additionally, participants’ autistic traits negatively correlated with the response to slow touch in
the OFC and STS. The current study replicates and extends findings of the involvement of a network of ‘social brain’ regions in processing CT-targeted
affective touch, emphasizing the multimodal nature of this system. Variability in the brain response to such touch illustrates a tight coupling of

social behavior and social brain function in typical adults.
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Touch enables us to navigate not only the physical world but also the
social world. This dual dimensionality of touch has been described
as being processed in the brain in a manner similar to pain, via two
dissociable dimensions categorized as, sensory-discriminative and
motivational-affective (Morrison et al., 2010). Although the perception
of discriminative touch, which allows us to perceive pressure, vibra-
tion, slip and texture has historically dominated the touch literature
(McGlone et al., 2007), neuroscientists have only recently begun to
study ‘affective’ or social touch (Francis et al, 1999; Olausson et al,
2002, 2008; Rolls et al, 2003; McGlone et al., 2007; McCabe et al.,
2008; Loken et al., 2009; Keysers et al, 2010; Morrison et al., 2010,
2011;Gordon et al, 2011;). This type of pleasant, gentle touch has been
linked to a class of slow-conducting, unmyelinated nerves, CT affer-
ents, present only in the hairy skin of mammals, including humans
(Loken et al., 2009). Microneurography studies have shown that
CT-optimal stroking speeds range from 1-10cm/s with decreased
firing rates for lower and higher speeds (Loken et al, 2009).
Interestingly, pleasantness ratings for slow, light touch follow the
same pattern as the firing rates for CT-nerves. That is, participants
rate gentle touch at 1-10 cm/s as more pleasant than touch of slower
or faster velocities (Loken et al., 2009). Such slow, gentle touch is
reminiscent of that seen in social interactions, such as those between
a parent and a child or intimate partners. Concordant with this ob-
servation, and the preservation of this system in patient populations
lacking A/B touch receptors (Olausson et al., 2002, 2008), the ‘skin as
a social organ’ hypothesis (Morrison et al, 2010) posits that the
CT-system represents an evolutionarily conserved mechanism with a
direct role in processing social, or affective, touch.

CT afferents project to lamina I of the spinal and trigeminal dorsal
horn, which act as a processing station for signals from C-fibers
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(Sugiura et al., 1986; Craig, 2003). Lamina I neurons continue through
the lamina I spinothalamical pathway and project to the insular cortex
(Olausson et al., 2002; Craig, 2003). For this reason, and because the
insular cortex has been considered a gateway from sensory systems to
the emotional system of the frontal lobe (Augustine, 1996; Craig,
2008), initial neuroimaging studies of the brain mechanisms involved
in processing CT-targeted affective touch focused on the posterior
insula (Olausson et al., 2002; McCabe et al, 2008). Recently, our
group (Gordon et al., 2011) used functional magnetic resonance ima-
ging (fMRI) to demonstrate the involvement of several key nodes of
the ‘social brain’ in processing such touch. The social brain describes a
circumscribed set of brain regions that have evolved to support social
cognition. In her seminal writing on this idea, Leslie Brothers (1990)
called this set of regions the social brain and included the amygdala,
orbitofrontal cortex (OFC) and temporal cortex as its key components
(Frith, 2007).

In our original study on affective touch (Gordon et al, 2011), a
whole-brain comparison of the response to CT-optimal touch to the
forearm relative to the glabrous skin of the palm revealed posterior
superior temporal sulcus (pSTS), medial prefrontal cortex (mPFC) and
amygdala involvement in processing affective touch, processed by the
CT-system. One alternative explanation for these results is that they
may not demonstrate something specific to CT-afferents, but instead
reflect distinct responses to touch on two discrete body parts. For
example, typical adults perhaps code being touched on the arm as
more intimate or social than being touched on the palm. Therefore,
one goal of the current study was to replicate the finding of ‘social
brain’ involvement in processing CT-targeted touch in a slightly dif-
ferent paradigm including two types of touch to the arm. The brushing
was performed on the right forearm, which has non-glabrous or hairy
skin. The mechanoreceptive innervations of this type of skin include
both myelinated (A) and unmyelinated (C) afferents (Vallbo et al,
1999). More specifically, A-beta low-threshold mechanoreceptors
have been found to be involved in discriminative touch, while C mech-
anoreceptors have recently been implicated in subserving emotional
touch (see McGlone et al, 2007, for a review). In addition, given
findings of social brain dysfunction in autism and other disorders
characterized by impairments in social perception and social cognition
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(e.g. Pelphrey et al., 2004; Pinkham et al., 2008; Kaiser et al., 2010),
a primary goal of the current study was to examine the relationship
between individual’s social abilities (as measured by autistic traits) and
their brain response to affective touch.

One fMRI study to date has examined the brain response to
CT-optimal vs non-optimal velocities of touch to the forearm.
Morrison and colleagues (2011) reported that slow (CT-optimal)
touch was rated as more pleasant than fast touch and elicited greater
posterior insular activation. Notably, this study included other condi-
tions of interest and focused on insular response to the different types
of touch. The current study aimed to replicate our previous findings of
‘social brain” engagement and connectivity between frontal and limbic
structures during affective touch using CT-optimal and non-optimal
velocities to the forearm. We investigated this hypothesis using
whole brain GLM contrasts as well as connectivity analyses [i.e.
Psychophysiological Interaction (PPI)]. The touch stimuli were
gentle strokes with a watercolor brush. Indeed, human touch of a
similar velocity could be considered more ‘social’ than brushstrokes.
However, fMRI studies have shown that human touch and gentle
brushstrokes of the same velocities elicit comparable neural response
and pleasantness ratings (Morrison, personal communication). We
consider the slow touch to be affective in nature given the previous
literature characterizing the response of the CT-system to such gentle
touch, which is commonly seen in intimate relationships. Although
both fast and slow touch may be considered pleasant, the slow touch
may be more ‘affective’ given the higher pleasantness ratings and
unique processing by CT-afferents.

We also sought to characterize the relationship between social abil-
ities, touch preferences and the neural response to affective touch. The
network of regions implicated in processing CT-targeted touch has
been found to play a key role in a variety of social perception and
social cognition tasks. These regions are important for detecting bio-
logical motion (e.g. Grossman et al., 2000; Saygin, 2007) and complex
social processing such as theory of mind or mentalizing (e.g. Gallagher
et al., 2000; Frith and Frith 2003, 2006; for review, see Gallagher and
Frith, 2003). Notably, these processes and associated neural mechan-
isms have been consistently implicated as dysfunctional in individuals
with autism, a disorder characterized by social impairments. Autistic
traits are normally distributed in the general population (Baron-Cohen
et al., 2001), reflect individual differences in social cognitive abilities
(Losh and Piven, 2007) and correlate with differences in the structure
and function of some of the brain regions identified in our previous
study on affective touch (Suda et al,, 2011; von dem Hagen et al.,
2011). Thus, a primary goal of the current study was to examine the
relationship between autistic traits and brain mechanisms for process-
ing CT-targeted affective touch. To the extent that the brain mechan-
isms for processing slow gentle touch reflect a tuning to socially
relevant information, we predict that individuals with more autistic
traits will show a diminished neural response to such affective infor-
mation. We also predict that individuals with more autistic traits will
report less of a preference for social touch.

MATERIALS AND METHODS

Participants

Nineteen right-handed adults (12 females) ranging in age from 18-26
years (mean =23.73, s.d. =2.51), participated in the study. All partici-
pants had no known neuropsychological disorder, history of brain
injury nor family members with an ASD, and were naive to the hy-
pothesis under investigation. Written informed consent was obtained
for each participant according to a protocol approved by the Yale
School of Medicine Human Investigations Committee.
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PreScan behavioral ratings and questionnaires

Prior to the scan, participants received the two types of touch (slow
and fast brushing) on their right forearm. Brush strokes were admin-
istered in the proximo-distal orientation, as in the fMRI paradigm.
Participants then rated the pleasantness for each type of touch on a
Likert scale (1 ="‘not at all’; 2 ="slightly’; 3 =‘moderately’; 4 = ‘very’
and 5= ‘extremely’), and were also asked to describe in their own
words what each type of touch felt like.

To measure affects and attitudes toward social touch, participants
completed the Social Touch Questionnaire (Wilhelm et al, 2001).
This 20-item self-report measure assesses comfort and preferences re-
garding social touch (i.e. ‘T feel comfortable touching people I do not
know very well’ and ‘I generally like when people express their affec-
tion toward me in a physical way’), with scores ranging from 0 to 80.
Lower scores on this measure indicate a preference for social touch,
whereas higher scores are associated with rating social touch as un-
pleasant and reports of avoiding it across a variety of situations.

To measure autistic traits, participants completed the Autism-
Spectrum Quotient (AQ; Baron-Cohen et al, 2001), which is a
50-item self-report measure of preferences and tendencies in daily
life (e.g. ‘T tend to have very strong interests, which I get upset
about if I can’t pursue’; ‘When 1 talk, it isn’t always easy for others
to get a word in edgewise’). Scores range from 0 to 50 and higher
scores are associated with more autistic traits. We planned to conduct
correlation analyses with these behavioral measures and brain response
to affective touch.

Experimental design

Prior to data acquisition, the experimenter measured and marked
(with a washable marker) an 8 cm brushing area for both conditions,
ranging from the wrist crease toward the elbow on the participant’s
right forearm. During an fMRI scan, participants received continuous
(i.e. back and forth) brushing to the right forearm in a block design
procedure. There were 2 runs of each condition (fast and slow) com-
posed of 8 repetitions of 6-s blocks of touch followed by 12s of no
touch (rest). An additional 6 s of rest separated each block to allow the
experimenter to prepare for the next block of touch. Tactile stimuli
were slow (8 cm/s) or fast strokes (32 cm/s) administered by a trained
experimenter using a 7cm wide watercolor brush. These speeds cor-
respond to 6 strokes per slow block and 24 per fast block; distances
covered in the slow and fast blocks were 48 cm and 192 cm, respect-
ively. This design was identical to that used in our previous study
(Gordon et al., 2011), except for fast arm blocks replacing palm
blocks. All experimenters were trained prior to data collection and
used a visual guide within the scanner to facilitate the administration
of the accurate brushing velocity. Participants were instructed to keep
their eyes closed for the entirety of the experiment and to focus on the
touch. The brusher monitored each participant to ensure that his/her
eyes remained closed throughout the duration of the experiment. In
addition, an fMRI-compatible eye-tracker (monitored by a research
assistant in the control room) was used to confirm that participant’s
eyes remained closed. The experiment lasted 10.03 min (602 s) with an
initial 10's of rest that was later discarded from analysis.

Imaging protocol

Images were collected on a Siemens 3T Tim Trio scanner located in the
Yale University Magnetic Resonance Research Center. High-resolution
T1-weighted anatomical images were acquired using an MPRAGE se-
quence (TR=1230ms; TE=1.73 ms; FOV =256 mm; image matrix
256% 1x 1 x 1 mm). Whole-brain functional images were acquired
using a single-shot, gradient-recalled echo planar pulse sequence
(TR=2000ms; TE=25ms; flip angle=60" FOV =220 mm; image
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matrix = 64%; voxel size =3.4 X 3.4 X 4.0 mm; 34 slices) sensitive to
blood oxygenation-leveldependent (BOLD) contrast. Runs consisted
of the acquisition of 306 successive brain volumes.

fMRI analysis

Data were preprocessed and analyzed using the BrainVoyager
QX 2.0.08 software package (Brain Innovation, Maastricht, The
Netherlands). Preprocessing of the functional data included slice
time correction (using sinc interpolation), 3-dimensional rigid-body
motion correction (using trilinear-sinc interpolation), spatial smooth-
ing with a FWHM 4-mm Gaussian kernel, linear trend removal and
temporal high-pass filtering (GLM with Fourier basis set, using 2
cycles/time course). Functional datasets were co-registered to
within-session, T1-weighted anatomical images, which were in turn
normalized to Talairach space (Talairach and Tournoux, 1988).
Estimated motion plots and cine loops were examined for each par-
ticipant. An in-house script was used to identify participants for
whom, after removing volume acquisitions where movement between
two volumes exceeded 1 mm, or integrated movement over 4 volumes
exceeded 2mm, if >25% of the data was removed from the entire
experiment, or one experimental condition, a subject would be
excluded. The application of this script resulted in the inclusion of
all participants.

Initial, general linear model (GLM)-based analyses were conducted
for each participant to assess task-related BOLD responses. Regressors
were defined as boxcar functions with values of 1 during each condi-
tion and 0 otherwise, convolved with a double-gamma hemodynamic
response function (HRF). Predictors depicting motion in all six par-
ameters were included as predictors of no interest.

Whole-brain analyses

All group-level analyses were limited to voxels within the MNI brain
normalized to Talairach space. This whole brain mask consisted of
1,449,746 (1 x 1 x 1 mm) voxels. Whole brain investigations were con-
ducted using random-effects (RFX) GLM-based analyses. Analyses of
each touch condition separately were assessed at a threshold of
P<0.01. This relatively lenient threshold was utilized because it
allowed for the identification of a number of regions involved in the
each type of touch as preliminary analysis, whereas a direct contrast of
the two conditions would serve as a more rigorous assessment of con-
dition specific response(s). In the individual touch condition relative
to baseline contrasts, we corrected for multiple comparisons using
cluster thresholds determined by the Brain Voyager QX Cluster-level
Statistical Threshold Estimator plug-in (Forman et al., 1995; Goebel
et al., 2006). After 1000 iterations of a Monte Carlo simulation, the
relative frequency of each cluster size was evaluated, and the cluster size
corresponding to a corrected threshold of o <0.05 was determined for
each contrast resulting in the use of k=26 and k=12 for the fast and
slow conditions, respectively. A direct contrast of touch conditions
(slow> fast) at a P<0.01 resulted in robust continuous regions of
activation. Therefore, a more stringent threshold than the P<0.01
used in the baseline contrasts was implemented to discern distinct
regions of activation. At a conservative FDR threshold of ¢<0.05,
implementing a cluster threshold corresponding to alpha<0.05 re-
sulted in the loss of the mPFC and STS regions as significantly differ-
entiating the slow and fast touch. Given our a priori hypotheses about
these regions’ involvement in processing CT-targeted touch (Gordon
et al., 2011), we implemented a less conservative threshold to enable
identification of ROIs in the slow vs fast contrast that allowed us to
explore individual differences related to AQ and STQ. This contrast
was assessed at a false discovery rate (FDR) threshold of ¢<0.1
(Genovese et al., 2002). As in the initial contrasts, we implemented a
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cluster threshold corresponding to « <0.05 after 1000 iterations of a
Monte-Carlo simulation, (k= 34).

Functional connectivity analysis

A PPI analysis (Friston et al., 1997) was used to investigate task-related
functional connectivity during the two touch conditions. As in our
previous study (Gordon et al, 2011), a functionally defined mPFC
region was used as a seed for the connectivity analysis, on account
of its broad role in social cognition (for review, see Amodio and
Frith, 2006). The seed region in the current study was the left mPFC
ROI which was functionally defined in the slow>fast contrast
described above. A bilateral amygdala and insula mask was used in
the PPI analysis to specifically examine task-related functional con-
nectivity in this network of regions following our previous finding of
enhanced connectivity during CT-targeted touch (Gordon et al., 2011).
The mask regions were anatomically defined using an in-house script
based on coordinates from the Talairach database (Lancaster et al.,
1997, 2000).

Prior to analysis, the global mean (averaged signal across all voxels)
was removed from each volume, a method used to remove physio-
logical artifacts (Fox et al., 2005). PPI regressors for each participant
were created by multiplying the preprocessed, normalized time course
from the seed region with the difference of the two task regressors
convolved with the HRF. This PPI regressor, the two task regressors
and the seed region time course were modeled as predictors for each
participant, and in turn combined in a multi-participant random-
effects GLM analysis. As described above, the multi-participant GLM
analysis was limited to voxels within anatomically defined regions of
bilateral insula and amygdala. The PPI function was used as the only
predictor of interest, and was assessed at a threshold of P<0.05, k=2.

RESULTS
Pre-scan behavioral results

Six out of the 18 participants (one participant did not complete
pre-scan ratings) rated both types of touch as equally pleasant (Slow
mean = 3.78, s.d. = 1.03; Fast mean =2.83, s.d. = 1.19). A paired sam-
ples t-test revealed that pleasantness ratings were significantly higher
for the Slow condition, #(17)=3.449, P=0.003. Nonetheless, the
verbal descriptions highlight the similarity of pleasant ratings of both
conditions. Participants described slow touch as ‘soft, soothing’, and
‘like the soft fur of an animal’; they described fast touch as ‘soothing,
calming’, and ‘like feathers’.

Eighteen of the 19 participants completed the STQ and 17 of the
19 completed the AQ. Mean STQ score was 27.83 (s.d.=8.89) with
individual scores ranging from 16 to 47. Mean AQ sore was 13.65
(s.d.=6.11) with individual scores ranging from 6 to 27.

fMRI results

Multi-participant RFX GLM analyses were conducted for
Slow > Baseline and Fast > Baseline. Results of these contrasts can be
found in Tables 1 and 2, respectively. Both contrasts were assessed at a
threshold of P<0.01 corrected for multiple comparisons with cluster
thresholds corresponding to o <0.05 (Figure 1). Fast touch revealed
activation in the right supramarginal gyrus (SMG), left thalamus and
left posterior insular operculum. Slow touch revealed activation in the
left posterior insula extending into somatosensory cortex, right pSTS,
right dorsolateral prefrontal cortex (dIPFC), left intraparietal sulcus
(IPS), right SMG, right anterior insula, bilateral cerebellum and left
thalamus. These contrasts revealed similar activation in the left thal-
amus, right SMG and a small portion of overlap in the left posterior
insula, with activation being much more robust and extending
throughout the insula for slow touch, as illustrated in Figure 1A and D.
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To assess the differences between CT-optimal vs non-optimal touch,
we directly compared the BOLD response of slow vs fast touch, at a
FDR of ¢<0.1, corrected with a cluster threshold of 34. This direct
contrast of slow > fast revealed greater activation to Slow touch along
the entire right STS (Figure 2B and C) including the right superior
temporal gyrus (STG), right amygdala (Figure 2C), right OFC, left

Table 1 Peak coordinates, significance and extent of regions defined in the slow > base-
line contrast

Region of interest Peak X Peak Y Peak Z t(18) P-value Number

of voxels
Right supramarginal gyrus 54 —28 22 8.09 0.0000 8520
Right posterior STS 54 -8 1 4.88  0.0001 1838
Right dorsolateral PFC 39 44 13 491 0.0001 578
Right anterior insula 36 23 16 490 0.0001 869
Right cerebellum 2 —61 —23 476 0.0002 1987
Right cerebellum 18 =55 —42 547 0.0000 919
Left thalamus =15 =10 13 6.12  0.0000 774
Left intraparietal sulcus -39 -8 49 399 0.0009 954
Left posterior insula and somatosensory —48 ~ —22 19 7.2 0.0000 10382
Left cerebellum -27 =55 —23 429 0.0004 403

P=001, k=12.

Table 2 Peak coordinates, significance, and extent of the regions defined in the
fast > baseline contrast

Region of interest Peak X  Peak ¥ Peak 7 t(18)  P-value  Number

of voxels
Right supramarginal gyrus 54 —34 28 522 0.0001 2315
Left thalamus —15 —10 7 520  0.0001 739
Left posterior insula (operculum) — —48 —22 19 476  0.0002 2364
P=0.01, k=26.

Slow > Baseline

Fast > Baseline

)

SCAN (2013) 38l

mPFC (Figure 2A), left anterior STG, left IPS, left caudate, bilateral
pre- and post-central sulcus, encompassing somatosensory regions S1
and S2, bilateral occipital cortex and portions of the cerebellum.
Results of this contrast can be found in Table 3. In this contrast, no
regions exhibited a greater response to fast >slow touch.

Correlation analyses

In order to investigate the relationship between autistic traits, as mea-
sured by the AQ, and neural response to CT-targeted affective touch,
we conducted correlation analyses between AQ scores and the differ-
ential response to slow and fast touch in six of the ROIs identified in
the Slow> Fast contrast (q<0.1, k=34) that have been previously
implicated in social processing. Using Brainvoyager, we extracted aver-
age betas values (an index of the bold response) per condition for all
functional voxels within each ROI for each participant. For each par-
ticipant, we calculated a difference score reflecting difference in beta
values for slow and fast touch (i.e. Slow—Fast). As indicated in Table 4,
these analyses revealed negative correlations between the AQ and
neural response to CT-targeted affective touch in the right STS and
right OFC (see Table 4 for r- and P-values). In these regions, partici-
pants with more autistic traits exhibited a diminished differential re-
sponse to affective touch whereas those with fewer autistic traits had
heighted response to the CT-targeted affective touch relative to the fast
touch. These correlations are illustrated in Figures 3 and 4.

We also investigated the relationship between participants’
self-reported attitudes toward social touch, as measured by the STQ,
and the neural response to affective touch. None of these correlations
reached significance at the level of P<0.05. In addition, to determine
whether autistic traits are associated with self-reports of negative affect
toward, and avoidance of social touch, we conducted a correlation
analysis between the AQ and STQ. This analysis revealed a positive
relationship between autistic traits and preference for social touch,
(r16)=0.520, P=0.039) illustrated in Figure 5. That is, individuals
with fewer autistic traits report more positive affect toward and atti-
tudes about social touch. Finally, we conducted post hoc analyses to

Fig. 1 Brain activations revealed in individual contrasts of slow and fast touch vs baseline. Activation in the left posterior insula is more robust during the slow touch (A, C) relative to the fast touch (D).
Similarly, slow touch elicits a right superior temporal sulcus and cerebellar response (B), which is not found in the fast vs baseline contrast (E). Both types of touch elicited activation in the left thalamus (C, F).
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Fig. 2 Brain activations revealed in the direct contrast of slow > fast. This contrast did not show any regions with greater activation to the fast touch. Regions with a greater BOLD response to slow touch
include the left medial prefrontal cortex (A), the entire right superior temporal sulcus (B,C), the right amygdala, and bilateral parietal lobe (C).

Table 3 Peak coordinates, significance, and extent of the regions defined in the
slow > fast contrast

Region of interest Peak X Peak Y Peak 7 t(18) P-value  Number

of voxels
Right superior temporal sulcus/gyrus 30 14 -8 5.61 0.0000 9256
Right amygdala 27 —13 -8 437 0.0004 1043
Right orbitofrontal cortex 36 32 1 472 0.0002 1033
Left anterior superior temporal gyrus ~ —60 —1 -2 491 0.0001 1387
Left caudate —15 n 10 530 0.0000 1293
Bilateral pre- and postcentral sulcus -9 -22 61 7.02  0.0000 64059
Bilateral occipital cortex 36 —58 10 6.22 0.0000 82848
Cerebellum 9 —61 —35 554 0.0000 1129
Left medial prefrontal cortex —24 26 28 5.04  0.0001 1716
Left precuneus —21 —61 40 3.84  0.0012 1151
q=0.1, k=34

Table 4 Results of the correlation analysis for AQ scores and differential response to beta
values for slow vs fast touch in the regions defined by the Slow > Fast contrast; correl-
ations between autistic traits and brain response to affective touch

Region of interest Pearson correlation P-value
Right superior temporal sulcus/gyrus —0.563 0.018*
Right orbitofrontal cortex —0.617 0.008**
Right amygdale —0.272 0.292
Left medial prefrontal cortex —0.173 0.507
Left anterior superior temporal gyrus —0.450 0.070
Left caudate —0.417 0.096

*P<0.05, ** P<0.01

examine whether pleasantness ratings correlated with brain responses
to affective touch. None of these correlations were significant
(all Ps>0.05).

Functional connectivity analysis

We conducted a PPI analysis assessing task-modulated functional con-
nectivity between a Slow > Fast functionally defined mPFC seed region
and structurally defined bilateral insula and amygdala. This analysis
revealed greater functional connectivity between the mPFC and regions
in the right amygdala, left amygdala and left insula during the slow
touch condition, as illustrated in Figure 6. Peak coordinates, statistical
values, size and anatomical labels for the regions of differential func-
tional connectivity are provided in Table 5.

0.757

Right Superior Temporal SulcusiGyrus

Autism Spectrum Quotient

Fig. 3 Results of the correlation analysis between AQ scores and differential beta values to slow and
fast touch in the superior temporal sulcus/gyrus region (functionally defined in the slow > fast
contrast). Error bars indicate 95% Cl.

DISCUSSION

The results of this fMRI study indicate that key nodes of the ‘social
brain’ are specifically involved in processing affective touch, processed
by CT-afferents. These nerves, present only in the hairy skin of mam-
mals, respond especially well to slow, gentle touch. A recent study that
compared the brain response to CT-optimal touch to the forearm and
the glabrous skin of the palm revealed the involvement of the STS,
insula, mPFC and amygdala in processing such touch in the forearm
only, where CT-afferents are present (Gordon et al, 2011). In order to
determine whether the observed differences were specific to the
CT-system rather than the stimulation of different body parts, the
current study included tactile stimulation of the forearm at
CT-optimal and non-optimal velocities. Using whole brain direct con-
trasts and functional connectivity analyses, we identified a network of
regions specifically involved in processing CT-targeted touch. These
areas include the STS, OFC, insula, mPFC and the amygdala. An add-
itional novel contribution of the current study is the identification of a
relationship between individual’s autistic traits and the neural response
to CT-targeted affective touch. Taken together, these findings help to
characterize the multimodal nature of the ‘social brain’ and illustrate a
tight coupling of social behavior and social brain function. Below, we
discuss the implications of these findings for the broader field of social
neuroscience and developmental disorders such as autism.
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Right Orbitafrontal Cortex
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Fig. 4 Results of the correlation analysis between AQ scores and differential beta values to slow and
fast touch in the orbitofrontal cortex (functionally defined in the slow > fast contrast). Error bars
indicate 95% CI.

50

Social Touch Questicnnaire Score

T T
] 10 15 20 5 30
Autism Spectrum Quotient

Fig. 5 Results of the correlation analysis between autistic traits (AQ score) and attitudes toward
social touch (STQ score). Error bars indicate 95% Cl.
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The brain regions found to be specifically involved in processing
CT-optimal touch have been implicated in perceiving and interpreting
the social world. The STS region plays an important role in under-
standing the people around us including the visual perception of bio-
logical motion (Grossman et al., 2000; Kaiser et al., 2010), intention
understanding (Vander Wyk et al, 2009) and theory of mind (Frith
and Frith, 2001; Saxe and Kanwisher, 2003). In the auditory domain,
the STS has been shown to distinguish between communicative and
non-communicative sounds (Belin et al., 2000; Shultz et al., submitted
for publication). Our findings highlight the multimodal nature of the
STS (Beauchamp et al., 2004; Barraclough et al., 2005) and extend our
understanding of this brain region in social perception beyond vision
and audition into the tactile domain.

The STS has been associated with processing stimulus intensity and
imagination of biological motion; however, the differential response to
slow and fast touch in the current study cannot be explained in this
way. Beauchamp and colleagues (2008) reported that posterior STS
showed an increased response to more intense auditory and tactile
stimuli. If activation in this area in our study was due to the intensity
of the tactile stimuli, we would predict an increased response in the
STS to fast rather than slow touch. If visual imagery of the biological
motion of the brusher resulted in STS activation (Grossman and Blake,
2001), we would expect to find comparable activation in this region to
both types of touch, yet this region emerged in the slow vs fast contrast.
To the extent that participants are imagining the biological motion in
the slow and fast conditions, we hypothesize that the differential STS
response is driven by the inherent social nature of the slow touch,
processed by CT afferents. Finally, the STS has also been implicated

Table 5 Results of the PPI analysis (P < 0.05, k=2) using the left medial prefrontal
cortex seed, functionally defined in the Slow > Fast contrast, and anatomically defined
bilateral insula and amygdala mask

Region of interest Peak X Peak Y Peak 7 t(18) P-value Number
of voxels

Right amygdala 30 —4 -1 3.08 0.006425 99

Right amygdala 21 -7 -7 2.93 0.008883 121

Right amygdala 24 —7 -2 242 0.026108 86

Left insula -2 20 —6 3.79 0.001343 58

Left amygdala —24 —7 —17 3 0.006084 17

Fig. 6 Results of PPI analysis, using a left medial prefrontal cortex seed (functionally defined in the slow > fast contrast) and an anatomically defined bilateral amygdala and insula mask. The figure illustrates
coactivation in the left mPFC, bilateral amyqgdala and left insula during (T-targeted affective, slow touch relative to fast touch, which does not target (T-afferents.
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in multisensory integration (Amedi et al, 2005; Beauchamp, 2005,
2008). Thus, it is possible that the STS response reflects a greater
amount of sensory integration during slow vs fast touch. This specu-
lation is based on the idea that the signals of imagining biological
motion and coding of the slow touch as socially relevant combine in
the STS region, as multisensory information. But studies of experien-
cing and imagining such touch are needed to better address the role of
imagery in the fMRI results.

The mPFC has been shown to support social-cognitive processes,
including self-referential (e.g. Gusnard et al, 2001) and other-
inferential (e.g. Mitchell et al, 2005) tasks. Perhaps mPFC activation
to slow, gentle touch reflects self-reflection elicited by affective touch
(i.e. ‘How does this make me feel?’). Alternatively, or in addition, the
engagement of this region may represent the reflecting on the brusher’s
mental state elicited by affective touch (i.e. ‘How does this person feel
about me? What does this touch mean?’). While it is difficult to de-
termine whether participants were thinking about their own, or the
brusher’s mental state, we interpret mPFC activation to slow touch to
reflect sensitivity to the inherently social nature of CT-targeted affect-
ive touch (see also, Mitchell et al., 2005). It is possible that this region
is automatically engaged in processing slow vs fast touch, as the former
is reminiscent of meaningful social touch in everyday interactions.
More generally, we speculate that the current findings demonstrate
that social-cognitive processes may be elicited not only by visual,
but also by tactile stimuli.

The OFC has been implicated in decoding and representing primary
reinforcers such as taste and touch, guiding behavior, and more
broadly in processing reward and emotion (Rolls, 2004). Most relevant
to our study is the OFC’s involvement in processing reward (for
review, see Rolls, 2000) and pleasant aspects of touch (Francis et al,
1999). Our findings are consistent with the suggestion, originally put
forward by McGlone and colleagues (2007), that the OFC may repre-
sent the emotional connotation of touch (see also, Rolls, 2000; Rolls
et al., 2003). We speculate that the lack of a correlation between pleas-
antness ratings and OFC response may be due to the limited range of
pleasantness ratings. Nonetheless, the slow touch was rated as slightly
more pleasant than fast touch; differential OFC activation may reflect
the distinct ratings and associated reward of the two types of touch.

As in any fMRI study, it is important to consider the network of
regions rather than individual nodes. Not only do the key regions of
the ‘social brain’ such as the mPFC and insula support the processing
of CT-targeted affective touch, but these regions also show functional
connectivity to the amygdala during such touch. The regions identified
in our PPI analysis have known connections in humans (e.g. Hampton
et al., 2007) and primates (e.g. Baxter et al, 2000). We interpret the
findings of differential response to the slow and fast touch in the cur-
rent study to reflect the involvement of a network of regions working
in concert to process CT-targeted affective touch. It has been hypothe-
size that the amygdala is critically involved in establishing lasting mem-
ories of emotional experiences (McGaugh, 2004), accessing
motivational or affective value of stimuli (Cardinal et al., 2002) and
coding the biological relevance of stimuli to guide behavior and cog-
nition via sensitivity to the motivational, emotional and social mean-
ing of stimuli (Adolphs 2003, 2010; Sander et al., 2003). Perhaps the
amygdala codes for the biological relevance of CT-targeted affective
touch and alerts other regions in the identified network to the import-
ance of this type of touch.

The current study clarifies a network of regions supporting the pro-
cessing of affective touch and the functional role of CT-afferents.
Nonetheless, there are many issues for future research to examine
including top-down and bottom-up influences on the social brain re-
sponse to CT-targeted affective touch. The current study does not
allow us to disambiguate the two. Although participants were told to
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focus on the touch, we cannot determine the extent to which they were
successfully doing so and it is possible, and we suspect likely, that
participants were thinking about the brusher during the two touch
conditions—perhaps even more so during the slow touch. Indeed,
top-down influences have been shown to influence the neural response
to touch (McCabe et al., 2008). Therefore, a study that better controls
and/or assesses what the participants are thinking about might help to
clarify the functional role of the networks identified in the current
study. The activation in visual areas during the slow touch is consistent
with the interpretation that participants engaged in visual imagery
during the CT-targeted affective touch condition, and fits nicely with
research suggesting that other sensory modalities, such as sound and
touch, can enhance visualization processes (Reiner, 2008). Future stu-
dies could examine the similarity in brain mechanisms for thinking
about being touched and actually being touched.

Although CT-afferents are present in all neurotypical adults, it is
clear from our everyday experiences that there are individual differ-
ences in seeking and responding to social touch. The current study
illustrates a coupling of social touch preferences, social abilities (oper-
ationalized as autistic traits) and brain mechanisms for processing af-
fective touch. It is not surprising, although an exciting novel finding,
that individuals with more autistic traits also report an aversion to
social touch, as AQ scores positively correlated with our measure of
social touch preference (with higher STQ scores indicating less pref-
erence for touch). In addition, we identified a negative correlation
between autistic traits and brain responses to affective touch, illustrat-
ing that individual differences in response to affect touch reflect indi-
vidual differences in social characteristics. Participants with more
autistic traits exhibit less activation to slow, gentle touch in the right
STS and the right OFC. Notably, AQ scores negatively correlate with
STS response while viewing conversations between two people (Suda
et al., 2011), with STS deactivation during rest and with reduced white
matter volume in this region (von dem Hagen et al.,, 2011). A similar
negative correlation has also been found in behavioral tasks of biolo-
gical motion detection (Kaiser and Shiffrar, submitted for publication;
Kaiser and Shiffrar, 2010).

Taken together, these AQ correlations point to a disruption in social
brain function associated with autistic traits. It is unclear if such dis-
ruptions are the result of living a ‘less social life’ or if autistic traits are
a result of the associated differences in social brain function. In other
words, do individuals with more autistic traits exhibit diminished re-
sponse to social stimuli (at the level of the brain and behavior) because
they have less experience with such information? Or, does dysfunction
in social brain circuitry result in the defining features of autism (Kaiser
and Pelphrey, 2011)? Alternatively, perhaps the two factors are inter-
twined from birth, if not before.

The current study adds to the literature on individual differences in
autistic traits by demonstrating that people with a greater number of
autistic traits exhibit disruptions in the neural mechanisms for pro-
cessing affective touch. Future studies should examine the role of
CT-nerves in the individual differences noted above. For instance,
does variability in thresholds and density of CT-nerves correspond
to the individual differences in brain activation found in the current
study and/or to autistic traits in typical adults? Additionally, although
touch processing in autism has received little empirical attention (but
see Blakemore et al., 2006; Cascio et al., 2008), as described above,
disruptions in the neural mechanisms for processing affective touch
have been reported (e.g. Kaiser et al., 2010; Ebisch et al., 2011). The
current AQ findings suggest that children with autism, a disorder
characterized by social impairments, may show differences in brain
mechanisms for processing CT-targeted touch. Further studies are
needed to rigorously assess whether or not social dysfunction in
autism extends to the tactile domain.



Autistic traits and affective touch

Social interactions in daily life often involve tactile encounters,
including touching and being touched by other people. Notably, al-
though we use all of our senses to perceive social cues, being touched
by another person is a most intimate exchange; a gentle caress can
convey a rich message, perhaps far exceeding that in a facial expression
or quality of voice. The current study contributes to a growing litera-
ture suggesting that CT-afferent fibers represent an evolutionarily con-
served mechanism for processing slow, gentle, affective touch
(Morrison et al., 2010). Given the central role of touch in social-emo-
tional development in primates (Harlow and Zimmermann, 1959;
Bowlby, 1969) and human infants (Klaus et al., 1970; Barnett, 2005),
it is important to study the typical and atypical development of the
brain mechanisms for processing CT-targeted affective touch. While
the focus in the field has been on the implications of touch, or the lack
thereof, in infancy (Stack, 2001), the literature lacks a clear under-
standing of the mechanisms by which touch plays a critical role in
emotional development and social relationships throughout the life-
span. The current study characterizes a network of regions that support
the perception of affective touch processed by CT-afferents as well as
specific regions of the social brain that show a diminished response to
such touch in individuals with more autistic traits. This work sets the
stage for future studies to explore the early development of these
neural systems and disruptions associated with disorders with pathog-
nomonic social impairments, such as autism.
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