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Abstract

Autonomous sensory meridian response (ASMR) is a perceptual phenomenon in which specific auditory and/or
visual stimuli consistently elicit tingling sensations on the neck, scalp, and shoulders, as well as a positive and
relaxed emotional state. The ‘““ASMR triggers™ that initiate these responses generally consist of soft sounds
(e.g., whispering), repetitive noises (e.g., tapping sounds), or videos of people performing socially intimate
acts (e.g., watching someone brush her hair). Despite being a relatively common phenomenon, little is known
about the neural substrates of ASMR. In the current research, resting-state functional magnetic resonance imag-
ing (fMRI) was used to examine whether ASMR was associated with atypical patterns of functional connectivity.
Seventeen individuals with ASMR and 17 matched control participants underwent an anatomical MRI scan and a
resting-state fMRI scan. An independent components analysis was used to identify the default mode, salience,
central executive, sensorimotor, and visual networks. An analysis of variance with group (ASMR vs. control)
as a between-subjects variable was performed to contrast the functional connectivity of each of these networks.
The results demonstrated that ASMR was associated with reduced functional connectivity in the salience and
visual networks, and with atypical patterns of connectivity in the default mode, central executive, and sensori-
motor networks.

Keywords: autonomous sensory meridian response (ASMR); central executive network; default mode network;
functional connectivity; resting-state networks

Introduction relatively few empirical studies have investigated ASMR.
Therefore, little is known about the cognitive and neural
mechanisms underlying these atypical sensory—emotional

q UTONOMOUS SENSORY MERIDIAN RESPONSE (ASMR) is a
experiences. The goal of the current research was to identify

perceptual phenomenon in which specific auditory and

visual stimuli reliably elicit tingling sensations in the head
and neck, often extending down the back and limbs (Barratt
and Davis, 2015). These somatosensory ‘‘tingles’ are asso-
ciated with a reduction in heart rate and an increase in skin
conductance responses (Poerio et al., 2018). They are also
typically accompanied by positive affect as well as a feeling
of relaxation (Barratt and Davis, 2015). First reported in
online forums in 2010, interest in ASMR has steadily in-
creased with tens of thousands of ASMR-related videos on
websites such as YouTube.com and subscribers to online dis-
cussion forums such as Reddit.com/t/ASMR exceeding
130,000. Despite this popularity and apparent prevalence,

patterns of neural activity that differentiate individuals with
ASMR from the rest of the population.

To investigate an understudied phenomenon such as ASMR,
it is important to identify the characteristics of the experience
that make it distinct from other examples of atypical sensory as-
sociations such as synesthesia or frisson. Synesthesia refers to a
“blending of the senses’” in which the perception of one stimu-
lus such as a letter ornumber (i.e., a “‘grapheme’”) automatically
elicits a second percept such as the experience of seeing a color
(i.e., a “photism”; Cytowic, 1993). Frisson, on the other hand,
is described as the emotional ““chills”” associated with the per-
ception of music or emotional events (Harrison and Loui, 2014).
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Although ASMR, synesthesia, and frisson are all examples
of atypical multimodal experiences, some characteristics make
ASMR distinct from these other phenomena (del Campo and
Kehle, 2016). First, the stimuli that elicit ASMR—often re-
ferred to as ““ASMR triggers’—typically consist of socially
intimate acts (e.g., watching someone apply makeup), whis-
pering, and/or repetitive sounds (Barratt and Davis, 2015;
Fredborg et al., 2017). This characteristic contrasts with syn-
esthesia, which typically involves additional sensory responses
to nonsocial stimuli such as graphemes, time-related con-
cepts, and somatosensory experiences such as touching
particular surfaces (Ward, 2013).

Second, the tingling sensations associated with ASMR are
often described as dynamic and wave-like, rather than static
and consistent (del Campo and Kehle, 2016). This character-
istic is in stark contrast to synesthesia, where responses
such as the photisms associated with grapheme-color synes-
thesia are usually identical across exposures and over time
(Baron-Cohen et al., 1987; Cytowic, 1993).

Third, many individuals with ASMR are able to predict
the types of stimuli that are most likely to elicit tingling sen-
sations (Fredborg et al., 2017). Frisson responses, however,
are not predictable; the same piece of music will not always
produce ‘“‘chills’’; synesthetic responses are both automatic
and predictable (Ramachandran and Hubbard, 2003; Ward,
2013). Taken together, these differences demonstrate that
ASMR is a distinct perceptual and emotional phenomenon,
likely relying on patterns of neural activity that differs from
those recruited during other atypical sensory experiences.

There are two functional magnetic resonance imaging
(fMRI) techniques that could be used to investigate the neural
substrates of ASMR. In a task-based fMRI study, researchers
could measure the brain activity during the ASMR response
itself. This strategy is associated with some challenges.
fMRI scanners are noisy environments; it is difficult to both
relax and to hear soft, auditory ASMR triggers such as whis-
pering in MRI scanners. That said, a recent study with 10 par-
ticipants with ASMR was able to use fMRI to measure the
neural activity while participants experienced tingles (Lochte
et al., 2018). These researchers found that the experience of
ASMR is associated with activity in the nucleus accumbens,
dorsal anterior cingulate gyrus, insula, and inferior frontal
gyrus. This activity in brain areas related to reward and emo-
tional responses is consistent with the subjective reports of in-
dividuals experiencing ASMR (Barratt and Davis, 2015).

A second fMRI method is to examine how the brain activity
of individuals with ASMR differs from those of matched con-
trol participants when no task is being performed. This strat-
egy would help clarify why some individuals experience
ASMR, whereas others do not. This differentiation could be
accomplished by using resting-state fMRI, which measures
fluctuations in the brain activity across different neural regions
while the brain is ““at rest” (i.e., not responding to a stimulus
or performing a cognitive task). Previous research has demon-
strated that the neural activity in disparate brain areas tends to
fluctuate together (Biswal et al., 1995; Damoiseaux et al.,
2006); this correlated activity suggests that these groups of
neurons are working together as a network (Friston, 2011;
Raichle, 2015). Numerous studies have found that the magni-
tude of the correlation between the activity of different groups
of neurons—known as functional connectivity—can differen-
tiate between different clinical and nonclinical populations
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(Broyd et al., 2009; Greicius et al., 2004) and between individ-
uals with high or low levels of different personality traits
(Bilevicius et al., 2018; Doll et al., 2015).

To date, only one study has examined the functional con-
nectivity in individuals with ASMR (Smith et al., 2017).
This small study (with 11 ASMR and 11 control participants)
focused exclusively on the functional connectivity of the de-
fault mode network (DMN), a task-negative network that
has been linked to several cognitive functions including repre-
sentations of the self (Andrews-Hanna, 2012), episodic mem-
ory (Sestieri et al., 2011), and mind-wandering (Gusnard and
Raichle, 2001; Spreng et al., 2009). The DMN consists of the
medial prefrontal cortex (mPFC), posterior inferior parietal
lobule, angular gyrus, posterior cingulate cortex, and precu-
neus (Buckner et al., 2008; Raichle et al., 2001).

The functional connectivity of this network was found to
be weaker in individuals with ASMR than in controls
(Smith et al., 2017); however, the DMN of individuals
with ASMR did appear to recruit additional brain regions,
suggesting that the resting-state networks of ASMR partici-
pants were more blended (i.e., less distinct) than those of
control participants. The purpose of the current study was
to extend our previous research by examining the functional
connectivity of additional resting-state networks, including
the salience, central executive, sensorimotor, auditory, and
visual networks; a larger sample size (17 ASMR and 17 con-
trol participants) will also allow us to more precisely assess
the functional connectivity of the DMN in this population.

The salience network (SN) is involved with determining
whether a sensory stimulus is salient in a given situation
and whether attention and memory resources are required
to react to the stimulus (Menon, 2015; Seeley et al., 2007).
This network consists of the dorsal anterior cingulate cortex,
the anterior insula, and the inferior frontal gyrus. Previous re-
search has shown that the dorsal anterior cingulate cortex and
anterior insula are sensitive to visceral feedback from the
body (Craig, 2009; Critchley et al., 2004, 2005). Given that
ASMR involves both visceral and emotional responses to a
stimulus, an examination of this network is warranted.

The central executive network (CEN) is involved with atten-
tional set shifting, response inhibition, working memory, and
problem solving (Chen et al., 2016; Seeley et al., 2007), as
well as with emotion regulation (Gagnepain et al., 2017). It
includes the dorsolateral prefrontal cortex and posterior parietal
cortex (Sridharan et al., 2008). In our previous investigation of
ASMR, we speculated that individuals with ASMR may have a
reduced ability to inhibit sensory—emotional responses that are
suppressed in the rest of the population (Smith et al., 2017).
Such a possibility may be related to altered CEN connectivity.

As ASMR is related to atypical associations between mul-
tiple sensory modalities, we also believed that it was important
to examine the functional connectivity of different sensory
networks. The sensorimotor network (SMN) consists of the
primary motor cortex, premotor cortex, and supplementary
cortex in both hemispheres (Rosazza and Minati, 2011). The
visual network includes bilateral striate and extrastriate cor-
tex; in some data sets, this network can be divided into medial
and lateral components (Beckman et al., 2005). An effort was
also made to investigate the auditory network, which includes
the primary and secondary auditory cortices in the superior
temporal lobe as well as the posterior insula (Beckmann
etal., 2005; De Luca et al., 2006). Unfortunately, this network
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was not detected in our analyses. Therefore, the current inves-
tigation will examine whether the functional connectivity of
five resting-state networks—the DMN, CEN, SN, SMN, and
visual networks—differs between individuals with ASMR
and matched control participants.

Methods
Participants

Seventeen participants (eight males) with ASMR between
the ages of 18 and 37 years (M,ge =22.71; SDy. =4.74) were
recruited from the Winnipeg, Manitoba community via word-
of-mouth and social media posts. The presence of ASMR was
confirmed by having participants view two popular videos that
had been created to elicit ASMR responses. These videos were
trimmed to be 6 min in length; the URLs for the full-length
versions of these YouTube.com videos can be obtained by
contacting the corresponding author. All ASMR partici-
pants confirmed that these videos elicited tingling sensations.
This confirmation process was completed in the presence of
one of the investigators, who further interviewed participants
about their ASMR experiences to ensure that they experi-
enced the response reliably.

Seventeen age-matched (£3 years) and sex-matched con-
trol participants were recruited from the University of Win-
nipeg student population. These participants also viewed the
ASMR-eliciting videos in the presence of the investigators to
confirm that the control participants did not experience
ASMR. Data from two control participants were removed
due to excessive movement during scanning; these individu-
als were replaced with two additional participants. The 17
control participants (8 males) included in the analyses had
an age range of 18—40 years (Myge =22.76; SD g =5.39).

Preliminary data from 22 of the 34 participants in the cur-
rent study (11 ASMR and 11 control participants) were
reported in a previous examination of the DMN (Smith
et al., 2017). However, that small study did not report data
related to any of the other four resting-state networks ana-
lyzed for the current research.

None of the participants had a history of psychiatric or
neurological illness. This study was carried out in accor-
dance with the recommendations of the Canadian Tri-
Council Policy Statement: Ethical Conduct for Research
Involving Humans (2014) and the Declaration of Helsinki,
with written informed consent provided by all participants.
The protocol was approved by the University of Manitoba’s
Bannatyne Human Research Ethics Board and the University
of Winnipeg’s Human Research Ethics Board. All partici-
pants completed MR safety screening before entering the
MRI suite. Participants received $50 CDN remuneration.

Procedure

Imaging began with a three-dimensional (3D), high-resolution
anatomical MRI scan of the brain. This structural MRI took
8 min to complete. Following this, participants underwent a
7-min resting-state fMRI scan. During this scan, participants
were instructed to remain still with their eyes closed.

Data acquisition

Data were acquired using a 3-Tesla Siemens TRIO MRI
scanner (Siemens, Erlangen, Germany). For the anatom-
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ical scan, high-resolution, T1-weighted gradient-echo im-
ages were acquired using a magnetization-prepared rapid-
gradient-echo sequence with the following parameters: slice
thickness = 1 mm; interslice gap =0 mm; repetition time (TR) =
1900 ms; echo time (TE)=2.2 ms; in-plane resolution=0.94 x
0.94; matrix =256 x 256; and field of view (FOV)=24cm.

fMRI data acquisition consisted of a 7-min (140 volume)
scan using a whole-brain echo-planar imaging sequence with
the following parameters: slick thickness =3 mm; interslice
gap=0mm; TR=3000 ms; TE=30ms; flip angle =90°; ma-
trix =64 X 64; and FOV =24 cm.

Data analysis

Imaging data were processed using BrainVoyager QX 3.6
software (Brain Innovation, Maastricht, The Netherlands).
Functional data underwent four preprocessing procedures.
A trilinear/sync interpolation 3D motion correction proce-
dure provided an estimate of each participant’s movement
in three translations and three rotations, which were then
regressed out of the data before the individual-level analyses
were performed. The functional data also underwent a slice
scan time correction and high-pass temporal filtering. Spatial
smoothing consisted of an 8§ mm full-width half-maximum
Gaussian filter (Mikl et al., 2008). Following preprocessing,
each participant’s functional data were co-registered to his
or her anatomical MRI. Each participant’s anatomical scan
was manually transformed to Talairach space, and the co-
registration parameters were used to warp the functional
scan data.

Each participant’s resting-state data were subjected to a
single-subject independent components analysis (ICA)
using a fast ICA algorithm (Hyvérinen and Oja, 2000).
Twenty individual components were extracted for each par-
ticipant’s data (Abou-Elseoud et al., 2010; Ray et al., 2013).
A self-organizing group-level ICA (Esposito et al., 2005)
was then performed using the data from all 34 participants.
The components from this analysis were then inspected to
identify the DMN, SN, CEN, SMN, auditory, and visual
resting-state networks. Unfortunately, the auditory network
did not clearly load onto any of the components, thus prevent-
ing further analyses of this network. The coordinates of the
remaining five networks were compared with the Talairach
coordinates identified in previously published experiments.

A two-factor, mixed-effects analysis of variance (ANOVA)
was then performed, with the within-subjects factor being
the 20 fixed levels (20 components) and the between-subjects
factor being the two groups (ASMR and control participants).
Specific contrasts were performed for each of the five iden-
tified networks (r=2.58, p <0.01, uncorrected) and corrected
for multiple comparisons with a cluster threshold estimator
plugin using Monte Carlo simulations at 1000 iterations.

Each contrast map was converted to volumes of interest to
determine the number and coordinates of voxels exceeding
the statistical threshold. This process also identified the
Talairach coordinates of the peak activation point as well
as the probability value associated with each cluster. The
peak activity coordinates were entered into Talairach Client
software; this program provided the anatomical names and
Brodmann areas associated with each coordinate.

To gain a more complete understanding of the extent and
characteristics of each cluster, a list of coordinates of each
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significant voxel in each cluster was obtained. These lists
were then entered into Talairach Client software to identify
all the brain structures comprising each cluster.

Additional post hoc analyses were performed. Upon inspec-
tion of the remaining 15 components, 1 additional component
appeared to include both the DMN and CEN, anticorrelated.
We ran this sixth component through the identical analysis pro-
cedure outlined above for the five identified networks. In addi-
tion, post hoc analyses using age and sex as covariates of the
ASMR versus control comparisons were also performed.
These variables did not affect the current results and will not
be discussed below; however, it is important to note that our
sample size may not have been sufficient to detect these effects.

Results

The DMN, SN, CEN, SMN, and visual network were all
detected as single components in the group-level ICA. Of
note, although the CEN is often detected as two separate
components—Ileft CEN and right CEN—in the current
study, one component included CEN connectivity in both
hemispheres. Images of these five networks are shown in
Figure 1. Separate ANOVAs were performed to identify
between-group differences in each of these five networks.

In the examination of the DMN, the functional connectiv-
ity of two brain structures differed between ASMR and con-
trol participants (Table 1). Control participants showed
greater connectivity than ASMR participants in the left pre-
cuneus, one of the key nodes of the DMN. This cluster was
relatively large, encompassing 7379 voxels. In contrast, the
DMN of individuals with ASMR appeared to recruit a
smaller (1834 voxel) cluster in the cuneus, a visual region
that is adjacent to the precuneus component of the DMN.

The analysis of the SN also showed intergroup differ-
ences; however, in this case, all the differences consisted
of greater functional connectivity in controls relative to
ASMR participants (Table 2). In the left hemisphere, a sig-
nificant difference was detected in the inferior frontal
gyrus. This cluster extended into the left insula as well as
into the left claustrum and putamen. A second left-
hemisphere cluster showed peak activation in the superior
temporal gyrus (Brodmann’s area [BA] 22). This cluster
also included the left insula as well as the inferior parietal
lobule and several subregions of the posterior middle (BA
21,22, and 39) and superior (BA 13, 22, 39, and 42) temporal
gyri. Two significant differences were identified in the right
hemisphere as well. One region had peak activation in the
right superior temporal gyrus (BA 46). This cluster extended
into the right insula, a brain area linked with interoception
(Craig, 2009), the postcentral gyrus, and three subregions of
the posterior superior temporal gyrus (BA 21, 41, and 42).
The final cluster was located in visual regions of the right
hemisphere including the middle occipital gyrus, lingual
gyrus, and cuneus. Taken together, the results of the analysis
of the SN suggest that this network show stronger, more co-
herent functional connectivity in control participants than in
individuals with ASMR. It is also noteworthy that two of
these clusters were in brain areas involved with audition, sug-
gesting that the link between auditory perception and salience
judgments may be weaker in individuals with ASMR.

Six intergroup differences were identified in the ANOVA
examining the CEN functional connectivity (Table 3). Of
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these, five clusters indicated greater functional connectivity
in control participants, and one was associated with in-
creased connectivity in ASMR participants. In the left hemi-
sphere, two large clusters indicated greater functional
connectivity in control participants. One of these clusters in-
cluded voxels in the middle and superior frontal gyri. Peak
intensity in the second cluster was in the posterior cingu-
late gyrus but included voxels in the cuneus, precuneus, mid-
dle occipital gyrus, lingual gyrus, parahippocampal gyrus,
insula, supramarginal gyrus, and middle and superior tempo-
ral gyri. In the right hemisphere, control participants showed
greater functional connectivity than ASMR participants
in three areas. These clusters resembled the connectivity
detected in the left hemisphere. One cluster was isolated to
the right middle and superior frontal gyri. A second cluster
included the middle occipital gyrus, cuneus, and posterior
cingulate gyrus. The third cluster was detected in the right
insula, extending into the middle and superior gyri. When
combined, these latter two clusters resemble the large left
hemisphere cluster that included several occipital and tempo-
ral lobe structures. It is possible that at a less conservative
statistical threshold, these clusters would have appeared as
a single large cluster as they did in the left hemisphere.
Finally, greater functional connectivity was detected in
ASMR participants relative to control participants in the
middle and posterior sections of the left cingulate gyrus
(BA 23 and 24). Together, these patterns of connectivity
show increased bilateral connectivity in frontal and occipito-
temporal regions in control participants. ASMR, however,
was associated with increased connectivity in the midcingu-
late cortex.

Six intergroup differences were also identified in the
ANOVA examining the functional connectivity in the
SMN (Table 4). Three of these differences indicated
greater functional connectivity in control participants.
One of these clusters included the anterior cingulate
gyrus (BA 24 and 32), the precentral cortex, and premotor
regions (BA 6). A second cluster not only included the bi-
lateral connectivity in the posterior cingulate gyrus and
precuneus but also included the left paracentral lobule, a
region involved with sensation and movement. The third
cluster associated with greater functional connectivity in
controls included the body and head of the caudate in
both hemispheres, as well as the left globus pallidus, puta-
men, and subgenual anterior cingulate gyrus (BA 25).
There were also three intergroup differences reflecting
greater functional connectivity in the brains of ASMR par-
ticipants. One cluster was isolated in the left precentral and
postcentral gyri. As all participants were right-handed, it is
unclear whether this lateralization is related to handedness.
A second cluster had its peak activity in the left parahippo-
campal gyrus but extended into the left amygdala, hip-
pocampus, and uncus. The third cluster, which showed
greater connectivity in the ASMR group, was also the
only cluster that was right lateralized and included the
right orbital, middle frontal, and superior frontal gyri.
These results suggest that control participants had greater
functional connectivity in many motoric areas, whereas in-
dividuals with ASMR showed increased connectivity in the
primary somatosensory cortex as well as regions related to
emotion and reward responses (i.e., the amygdala and or-
bital gyrus).
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FIG. 1. Resting-state networks of 34 participants. Functional connectivity of the (a) DMN, (b) SN, (¢) CEN, (d) SMN, and
(e) visual network identified in the group-level ICA. The data from all 34 participants are included in these data. CEN, central
executive network; DMN, default mode network; ICA, independent components analysis; SMN, sensorimotor network; SN,
salience network.
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TABLE 1. CONTRASTING THE FUNCTIONAL CONNECTIVITY OF BRAIN REGIONS IN THE DEFAULT MODE NETWORK
OF AUTONOMOUS SENSORY MERIDIAN RESPONSE PARTICIPANTS AND MATCHED CONTROL PARTICIPANTS

Talairach coordinates

Hemisphere Region Structure BA X Y Z Cluster size t p
Controls>ASMR

Left Parietal Precuneus 7 -7 —62 39 7379 4.2952 0.00002
ASMR>controls

Left Occipital Cuneus 18 -7 —83 21 1834 —3.6063 0.00033

The Talairach coordinates of the peak intensity voxel of each cluster is listed, along with the associated brain region and BA.
ASMR, autonomous sensory meridian response; BA, Brodmann’s area.

The final resting-state network examined in our initial ana-
lyses was the visual network. As with the SN, all intergroup
differences indicated greater functional connectivity in the
brains of control participants (Table 5). Two relatively sym-
metrical differences were observed in the left and right lingual
gyri. Both clusters also included voxels in the parahippocam-
pal and posterior cingulate gyri and extended into the culmen,
declive, tuber, and pyramis of the cerebellum. The right-
lateralized cluster contained additional voxels in the fusiform
gyrus and cuneus. A third cluster consisted of the right supe-
rior temporal gyrus, precentral gyrus, and insula, regions re-
lated to movement and interoception. A final cluster was
isolated to right cerebellar structures, with the majority of
the voxels located in the declive and uvula, regions related
to oculomotor functions (Ruehl et al., 2017). The results of
this ANOVA suggest that control participants have more ro-
bust functional connectivity within traditional nodes of the vi-
sual network and show stronger connectivity between this
network and regions related to movement.

Post hoc analyses of a “blended” network

The initial analyses of the DMN, SN, CEN, SMN, and visual
network suggested that, overall, the functional connectivity of
individuals with ASMR was much less coherent than that of
control participants. However, a post hoc inspection of the
15 remaining components from our ICA analysis revealed 1
component that appeared to contain anticorrelated elements
of a DMN and a CEN (Fig. 2); there was no discernable pattern
to the connectivity of the remaining 14 components. An addi-
tional ANOVA was therefore performed on this ‘‘blended”
component. The results indicated that there were 11 significant
differences between the ASMR and control participants, 5 in-

dicating greater functional connectivity in controls and 6 indi-
cating greater functional connectivity in individuals with
ASMR (¢=2.58, p<0.01, corrected for multiple comparisons
using a cluster threshold estimator; Table 6).

All five of the clusters depicting greater functional con-
nectivity in control participants were lateralized to the right
hemisphere. Two of these clusters were located in the frontal
lobes. One cluster consisted of voxels in inferior and middle
frontal gyri, extending into the right precentral gyrus. The
second frontal lobe cluster consisted of voxels in the middle
and superior frontal gyri. A third cluster had its peak connec-
tivity in the temporal lobe, with voxels in the inferior and
middle temporal gyri. The remaining two clusters were lo-
cated in the right parietal lobe. One cluster included cells
in the inferior parietal lobule and supramarginal gyrus,
whereas the other cluster consisted of voxels in the precu-
neus and superior parietal lobule. This pattern of connectiv-
ity shares some characteristics with both a right-lateralized
CEN and the right-hemisphere portion of the DMN, although
a bilateral CEN and DMN were clearly detected in different
components of the ICA.

The six clusters depicting greater functional connectivity
in ASMR participants are notable in that four clusters are
in regions that showed greater connectivity in control partic-
ipants in the CEN component. Clusters in the left and right
superior frontal gyri, the left middle frontal gyrus, and the
left posterior cingulate gyrus all overlapped with clusters
detected in the CEN ANOVA (Table 3). ASMR was also as-
sociated with greater functional connectivity in a left tempor-
oparietal area including the middle and superior temporal
gyri, the inferior and superior parietal lobules, and the angu-
lar and supramarginal gyri. This large cluster appears to mir-
ror three of the right-lateralized clusters showing greater

TABLE 2. CONTRASTING THE FUNCTIONAL CONNECTIVITY OF BRAIN REGIONS IN THE SALIENCE NETWORK
OF AUTONOMOUS SENSORY MERIDIAN RESPONSE PARTICIPANTS AND MATCHED CONTROL PARTICIPANTS

Talairach coordinates

Hemisphere Region Structure BA X Y Z Cluster size t p
Controls>ASMR
Left Frontal Inferior frontal gyrus 46 34 31 9 2606 4.0840  0.00005
Left Temporal  Superior temporal gyrus 22 —65 =35 9 7200 4.5752  0.00001
Right Temporal  Superior temporal gyrus 42 59  -29 12 3598 4.2524  0.00002
Right Occipital Middle occipital gyrus 18 26 -8 -3 1696 3.5265  0.00045
ASMR>controls

No significant clusters identified

The Talairach coordinates of the peak intensity voxel of each cluster is listed, along with the associated brain region and BA.
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TABLE 3. CONTRASTING THE FUNCTIONAL CONNECTIVITY OF BRAIN REGIONS IN THE CENTRAL EXECUTIVE
NETWORK OF AUTONOMOUS SENSORY MERIDIAN RESPONSE PARTICIPANTS AND MATCHED CONTROL PARTICIPANTS

Talairach coordinates

Hemisphere Region Structure BA X Y Z Cluster size t p
Controls>ASMR
Left Limbic Posterior cingulate gyrus 30 —28 —65 12 18166 4.2837  0.00002
Left Frontal Middle frontal gyrus 10 22 67 22 14563 5.3659  0.00000
Right Frontal Superior frontal gyrus 10 17 64 30 2175 4.6678  0.00000
Right Occipital ~ Middle occipital gyrus 18 26 —80 9 5462 3.9924  0.00007
Right Sublobar  Insula 13 41 44 15 3718 3.9094  0.00010
ASMR>controls
Left Limbic Cingulate gyrus 24 —-10 —17 33 6495 —4.1553  0.00004

The Talairach coordinates of the peak intensity voxel of each cluster is listed, along with the associated brain region and BA.

functional connectivity in control participants. An additional
cluster included voxels in the right middle and superior tem-
poral gyri, extending into the angular gyrus.

The fact that individuals with ASMR showed greater func-
tional connectivity in some brain areas associated with the
CEN in a component that was distinct from the previously
analyzed bilateral CEN component suggested that further in-
vestigation was required. In our previous study, we found
that ASMR was associated with a less distinct DMN
(Smith et al., 2017). It is possible that additional resting-
state networks are also less coherent in this population. To
examine this possibility, we conducted a post hoc group-
level ICA using only the data from the 17 ASMR partici-
pants. Consistent with our hypothesis, we found that the
DMN of ASMR participants appeared as separate anterior
and posterior components. Similarly, the CEN appeared as
separate left and right components. Thus, the differences
detected in the intergroup ANOVAs were likely due to the
fact that the resting-state networks of ASMR participants
were more fractionated than those of control participants.

To control for this fractionation, we conducted one ad-
ditional post hoc ANOVA in which the group-level ICA
components associated with the DMN, the CEN, and the ad-
ditional blended component were combined. When the data
from these combined components were compared across
the ASMR and control groups, we found two significant dif-
ferences between the two groups (Fig. 3 and Table 7). Con-
trol participants showed greater functional connectivity than

ASMR participants in a cluster consisting of the precuneus
and superior parietal lobule of both hemispheres; a larger
number of significant voxels were detected in the right
than in the left hemisphere. In contrast, greater functional
connectivity was detected in the brains of ASMR participants
in a large midline cluster consisting of the left and right cin-
gulate gyri (BA 23 and 24), and left precentral, inferior fron-
tal, and middle frontal gyri. Thus, even when combining ICA
components to account for the possible fractionation of the
DMN and CEN, there are still two important differences:
control participants show relatively greater functional con-
nectivity in a key node of the DMN and ASMR participants
show greater connectivity in regions related to movement
and salience detection.

Discussion

The data from the current study suggest that the resting-
state networks of individuals with ASMR are less distinct
than those of controls. Of the 22 clusters that differed be-
tween ASMR and control participants, 17 showed greater
functional connectivity in controls. The reduced functional
connectivity found across resting-state networks in ASMR
is consistent with our earlier study of the DMN (Smith
et al., 2017). In that study, several nodes of the DMN includ-
ing the precuneus and mPFC showed less connectivity in
participants with ASMR than in controls. It is also consis-
tent with resting-state investigations of synesthesia; Dovern

TABLE 4. CONTRASTING THE FUNCTIONAL CONNECTIVITY OF BRAIN REGIONS IN THE SENSORIMOTOR NETWORK
OF AUTONOMOUS SENSORY MERIDIAN RESPONSE PARTICIPANTS AND MATCHED CONTROL PARTICIPANTS

Talairach coordinates

Hemisphere Region Structure BA X Y Z Cluster size t p
Controls>ASMR
Left Limbic Cingulate gyrus 24 -19 1 42 2326 3.4744  0.00055
Left Limbic Posterior cingulate gyrus 31  —19 —38 42 5000 43216 0.00002
Left Sub-lobar  Caudate * -10 7 —6 2601 3.8245 0.00014
ASMR>controls
Left Frontal Precentral gyrus 4 =55 -—17 36 2099 —3.9222  0.00010
Left Limbic Parahippocampal gyrus 34 —-16 -8 -21 2058 —4.8400  0.00000
Right Frontal Orbital gyrus 11 8 43 —19 1539 —3.4934  0.00051

The Talairach coordinates of the peak intensity voxel of each cluster is listed, along with the associated brain region and BA.
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TABLE 5. CONTRASTING THE FUNCTIONAL CONNECTIVITY OF BRAIN REGIONS IN THE VISUAL NETWORK
OF AUTONOMOUS SENSORY MERIDIAN RESPONSE PARTICIPANTS AND MATCHED CONTROL PARTICIPANTS
Talairach coordinates
Hemisphere Region Structure BA X Y Z Cluster size t p
Controls>ASMR
Left Occipital Lingual gyrus 19 =25 =59 0 7197 4.2119  0.00003
Right Temporal Superior temporal gyrus = 22 62 —11 6 6168 3.9379  0.00009
Right Occipital Lingual gyrus 18 11 -56 6 8192 4.0608  0.00006
Right Cerebellum  Declive * 14 -74 —18 5249 5.3789  0.00000
ASMR>controls

No significant clusters identified

The Talairach coordinates of the peak intensity voxel of each cluster is listed, along with the associated brain region and BA.

and colleagues (2012) found that nonsynesthetes displayed
greater functional connectivity in 11 clusters spread across
7 networks, whereas synesthetes showed greater connectivity
in 3 networks. However, a study of aesthetic chill, a phenom-
enon similar to frisson (Benedek and Kaernbach, 2011;
McCrae, 2007) reported that this experience was associated
with greater connectivity between the DMN and a number
of regions including the sensory and motor cortices and the
SN (Williams et al., 2018). Although the data from different
phenomenon are not entirely consistent, these studies do sug-
gest that atypical multimodal experiences are linked with
altered patterns of functional connectivity, particularly in-
volving the DMN.

The post hoc analyses conducted for the current study sug-
gest that the DMN, and its relationship to other networks, dif-
fers between ASMR and control participants. The ICA of the
ASMR group alone revealed that the anterior and posterior
DMN and the left and right CEN were each represented in
independent components, suggesting the connectivity
among the key nodes of these networks are perhaps less ro-
bust in ASMR compared with controls. This may have con-
tributed to the formation of the additional blended ICA
component in the initial grouped analysis.

An additional difference between ASMR and control par-
ticipants in the current study was the functional connectivity
of superior temporal lobe regions typically associated with au-
ditory perception and the processing of vocal information
(Hickok and Poeppel, 2007). In control participants, the activ-

ity in the left and right superior temporal gyri fluctuated in
synchrony with the SN (Table 2). In contrast, ASMR partici-
pants showed synchronous activity between structures related
to the CEN and the posterior and middle temporal lobes—-
regions related to the processing of speech—in the blended
ICA component (Table 6). This latter finding is particularly in-
triguing given the sensitivity of many individuals with ASMR
to whispering (Barratt and Davis, 2015; Fredborg et al., 2017).
The potential role of superior temporal lobe structures in
ASMR could be assessed in future task-based fMRI studies
examining whether this region shows differential sensitivity
to vocal and nonvocal ASMR triggers.

Two examples of atypical connectivity are directly related
to the sensory-emotional nature of ASMR phenomenology.
The first involves the functional connectivity of the SMN.
In individuals with ASMR, the activity of the SMN also cor-
related with the activity of a cluster that included the orbital
gyrus. This brain area is part of the frontal lobe reward val-
uation network that responds to both sensory and social re-
wards (Grabenhorst and Rolls, 2011); these rewards can be
personal or vicarious in nature (Morelli et al., 2015), an
important point given that many ASMR triggers involve a
third-person perspective (Fredborg et al., 2017). The fact
that the activity of neurons in reward-sensitive regions cor-
relate highly with the SMN suggests a stronger link between
these two functions in individuals with ASMR and may help
explain why these individuals experience rewarding tingling
sensations.

FIG. 2. Functional connectivity of a ‘‘blended network.”” Functional connectivity in the blended network of individuals
with ASMR and matched controls. This network contains elements of an anterior DMN and a CEN. The orange and blue
voxels do not differentiate between ASMR and control participants in this figure; rather, they depict regions whose functional
connectivity is anticorrelated. ASMR, autonomous sensory meridian response.
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TABLE 6. PosT HOC CONTRAST OF THE FUNCTIONAL CONNECTIVITY OF BRAIN REGIONS
IN THE “BLENDED NETWORK’> OF AUTONOMOUS SENSORY MERIDIAN RESPONSE PARTICIPANTS
AND MATCHED CONTROL PARTICIPANTS

Talairach coordinates

Hemisphere Region Structure BA X Y Z Cluster size t p

Controls>ASMR
Right Frontal Superior frontal gyrus 6 17 -2 69 2646 4.6440  0.00000
Right Frontal Inferior frontal gyrus 47 44 31 -3 9157 4.0252  0.00006
Right Temporal  Inferior temporal gyrus 20 50 =32 -—12 4014 4.1487  0.00004
Right Parietal Inferior parietal lobule 40 44  —44 39 1816 4.1880  0.00003
Right Parietal Precuneus 7 23 71 48 3042 3.8515 0.00013

ASMR>controls
Left Frontal Superior frontal gyrus 6 —13 34 57 2655 —4.2801  0.00002
Left Frontal Middle frontal gyrus 6 —46 7 48 5667 —3.5623  0.00040
Left Temporal  Superior temporal gyrus 39 —-40 56 21 9881 —5.3777  0.00000
Left Limbic Posterior cingulate gyrus 31 -4 47 27 3302 —4.1859  0.00003
Right Frontal Superior frontal gyrus 10 2 68 21 3305 —4.5738  0.00001
Right Temporal Middle temporal gyrus 39 50 62 24 2623 4.1467  0.00004

The Talairach coordinates of the peak intensity voxel of each cluster is listed, along with the associated brain region and BA.

A second intriguing pattern relates to the functional connec-
tivity of the midcingulate cortex (BA 24). This region showed
greater functional connectivity in the CEN in ASMR partici-
pants than in controls. ASMR participants also showed in-
creased functional connectivity in this region in the
ANOVA combining the DMN, CEN, and blended compo-
nents; the peak activation point of this cluster was the primary
motor cortex. Previous research has shown that the midcingu-

late cortex serves as an interaction point between emotional
and motoric responses (Pereira et al., 2010). It is possible
that ASMR is associated with an increased emotional modu-
lation of motoric functioning.

Given that this article was the first to examine multiple
resting-state networks in the ASMR population, it was logi-
cal to use a technique that examined the entire brain. This
“hypothesis free”” ICA approach detected structures, such

a

q(FDR) < 0.050

-8,00 =

p(Bonf) < 1.000

p < 0.009991

FIG. 3. Combined analysis of the DMN, CEN, and blended network. A comparison of functional connectivity occurring in
a combined analysis of the DMN, CEN, and blended component ( post hoc analysis) of control participants and individuals
with ASMR (#=2.58, p<0.01; corrected for multiple comparisons via Monte Carlo simulations at 1000 iterations). (a)
Orange voxels indicate regions in which greater functional connectivity was observed in control participants. (b) Blue voxels
indicate regions in which greater functional connectivity was observed in ASMR participants.
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TABLE 7. PosT HOC CONTRAST OF THE FUNCTIONAL CONNECTIVITY OF AUTONOMOUS SENSORY
MERIDIAN RESPONSE PARTICIPANTS AND MATCHED CONTROL PARTICIPANTS WHEN THE DEFAULT
MobDE NETWORK, CENTRAL EXECUTIVE NETWORK, AND THE BLENDED NETWORK ARE COMBINED
Talairach coordinates
Hemisphere Region Structure BA X Y Z Cluster size t p
Controls>ASMR
Right Parietal Precuneus 7 —74 51 6797 4.1661 0.00004
ASMR>controls
Left Frontal Precentral gyrus 6 —34 4 24 8649 —3.4319 0.00064

The Talairach coordinates of the peak intensity voxel of each cluster is listed, along with the associated brain region and BA.

as the orbital gyrus and midcingulate gyrus, which likely
would not have been included in seed-based examinations
of the functional connectivity. However, the ICA approach
did not allow us to quantify the relationship between net-
works or to trace the functional connectivity of specific struc-
tures that are relevant to the phenomenology of ASMR, such
as the right insula or somatosensory cortices. These questions
must be addressed in the future research. Importantly, these
seed-based functional connectivity studies can potentially
use coordinates from the current research to provide a more
complete description of the connectivity of different ASMR-
related brain structures (Joel et al., 2011). A similar strategy
could be used for investigations of structural connectivity dif-
ferences between ASMR and control participants.

Limitations

Although the current study provides novel information
about the neural underpinnings of ASMR, it does have a
number of limitations. The sample size (17 ASMR and 17
control participants) was relatively modest, and the thresh-
olds used were somewhat liberal (p<0.01). Additionally,
the data do not take into account the fact that the intensity
of ASMR varies across individuals (Fredborg et al.,
2017), a factor that may have influenced the observed pat-
terns of data. Future studies should therefore include a
test of participants’ sensitivity to different ASMR triggers
as well as a larger sample size. A more conservative thresh-
old of p<0.001 would also further decrease the likelihood
of detecting ‘‘false positives’ (Woo et al., 2014).

Conclusion

The current study demonstrates that the functional con-
nectivity of individuals with ASMR differs from that of
control participants. The weaker connectivity detected in
numerous networks suggests that the resting-state net-
works of individuals with ASMR are not as distinct as in
the brains of non-ASMR individuals. Additionally, the re-
cruitment of orbitofrontal cortex neurons by the SMN of
ASMR participants may indicate one of the neural sub-
strates underlying the rewarding tingling sensations associ-
ated with ASMR.
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