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ABSTRACT

Somatosensory cortex (SCx) has been shown to crucially contribute to early perceptual
processes when judging other's emotional facial expressions. Here, we investigated the
specificity of SCx activity to angry, happy, sad and neutral emotions and the role of per-
sonality factors. We assessed participants' alexithymia (TAS-20) and depression (BDI)
levels, their cardioceptive abilities and recorded changes in neural activity in a facial
emotion judgment task. During the task, we presented tactile probes to reveal neural ac-
tivity in SCx which was then isolated from visual carry-over responses. We further obtain
SCx emotion effects by subtracting SCx activity elicited by neutral emotion expressions
from angry, happy, and sad expressions. We find preliminary evidence for distinct mod-
ulations of SCx activity to angry and happy expressions. Moreover, the SCx anger response
was predicted by individual differences in trait alexithymia. Thus, emotion expressions of
others may be distinctly presented in the observer's neural body representation and may
be shaped by their personality trait.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

a distributed network of cortical and subcortical brain areas
that include the visual system (e.g. occipital gyrus and fusi-
form gyrus), the limbic and frontal regions (amygdala, stria-

Judging others’ emotional states is a fundamental ability that
allows for smooth social interactions. The emotional state of
others can be judged very efficiently from facial expressions,
even without awareness (Leiberg & Anders, 2006). This rapid
perception of emotional facial expressions has been linked to
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tum and ventromedial prefrontal cortex), the insula and the
right somatosensory cortex (e.g. Hussey & Safford, 2009). The
importance of somatosensory cortex (SCx) in emotion pro-
cessing (Kragel & LaBar, 2016; Pitcher et al., 2008; Sel et al.,
2014) is supported by studies showing that damage to and

0010-9452/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
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TMS induced disruption of right SCx disrupts emotion
discrimination (Adolphs, 2017; Pitcher et al., 2008). Indepen-
dent contributions of SCx to emotion processing have been
further confirmed by recent ERP studies (Fanghella et al., 2022;
Sel et al., 2014), and are in line with theories on the embodi-
ment of emotions (Barrett et al, 2014; Barsalou, 2009;
Niedenthal, 2007).

While it has been shown that specific emotions could be
mapped onto discrete brain regions, for example the amyg-
dala for fear (Fowler et al., 2006) and the insula for disgust
(Wicker et al., 2003), a more accurate view is that emotion
perception is based on the interplay of neural networks that
produce distributed brain states reflecting the emotional state
(Lindquist et al., 2012). In line with this, Pitcher et al. (2008)
showed that TMS applied to right SCx disrupted a range of
different emotion perceptions. On the other hand, Kragel and
LaBar's (2016) pattern analysis of right SCx BOLD activity in
response to emotional facial expressions suggests, at least,
emotion category specific activations of SCx (i.e. happiness
and surprise versus fear and anger). Taken together, these
findings indicate that right SCx is a crucial component in the
processing of a range of emotions which may nevertheless be
represented by, at least to some extent, distinct SCx activa-
tions. The current study aimed to clarify whether different
facial emotional expressions lead to unique and reliable SCx
activations in the observer and by taking advantage of the
good temporal resolution of EEG and the well-defined brain
basis of ERP components we expected to elucidate any dif-
ferences in emotion-driven activations.

The ability to recognize emotions varies between in-
dividuals (Elfenbein & Ambady, 2002) with a wide range of
factors contributing to such differences (e.g. Hodges & Wise,
2016) including personality traits (Laukka et al., 2021), affec-
tive factors (Alharbi et al., 2020; Demenescu et al., 2010) and
interoceptive abilities (Georgiou et al., 2018). Alexithymia is a
personality trait characterised by the inability to recognize
and identify one's own and other's emotions (Bar-On & Parker,
2000; Nemiah et al., 1976). Neuroimaging studies have re-
ported changes in the neural emotion network across a range
of emotion tasks in people with high compared to low alex-
ithymia traits (e.g. see meta-analysis by van der Velde et al.,,
2013) with Thme et al. (2014) and Jongen et al. (2014) showing
differences specifically in SCx and supplementary motor
areas. However, while these fMRI studies show increased ac-
tivity in the specific regions that allow for internally simu-
lating others' emotions with our own body representation, it is
not clear whether this activity is induced directly by the
viewing of the emotional face stimuli or whether it reflects
post-perceptual processes related to memorizing and
appraising the emotional facial expressions. Furthermore,
individual differences in emotion perception have also been
linked to anxiety and depression (Demenescu et al., 2010) with
the latter having been associated with alexithymia
(Honkalampi et al., 2000; Li et al., 2015). In particular, high
levels of depression have been shown to modulate emotion
processing (Bourke et al., 2010) and structural changes in
sensory and motor systems have been implicated (Canbeyli,
2010; Ray et al., 2021). Finally, individual differences in
emotion perception have also been linked to sensitivity to
one's own internal, bodily states (Herbert et al., 2007; Herbert

& Pollatos, 2012). In line with this notion, Georgiou et al.
(2018) showed that the neural correlates of emotion percep-
tion were related to the ability to accurately perceive one's
own heartbeats. Likewise, sensing and becoming aware of
one's own body states, especially one's heartbeats, is sub-
served by a network of cortical and subcortical brain areas
including somatosensory cortex (Khalsa et al., 2009). Taken
together, individual differences in alexithymia, depression
and cardioceptive abilities have been linked to emotion
perception with some indication for changes to somatosen-
sory activations which was investigated in the current study.

The majority of electrophysiological emotion perception
studies have investigated only visual evoked responses (VEPSs)
(e.g- Hajcak et al., 2012 for review). VEPs elicited by the onset of
emotion face stimuli do not readily reveal the induced
response in somatosensory areas as VEPs amplitudes are large
(3—5 pV) and spread from occipital to frontal areas. We have
therefore developed a methodological approach in which we
probe SCx activity with task-irrelevant touches during the
processing of emotional face images (c.f. Galvez-Pol et al,
2020; Sel et al., 2014). Using this approach allowed us to
reveal the induced somatosensory response and take advan-
tage of the good temporal resolution of EEG which was
recorded while participants completed a facial emotion
judgment task including faces with either neutral, angry,
happy, or sad expressions. We further isolated SCx emotion
effects beyond any facial feature effects by subtracting neutral
from emotional facial expressions (i.e. happy/angry/sad
minus neutral). Based on our previous studies (Fanghella
et al., 2022; Sel et al., 2014, 2020), we expected modulation of
early right SCx activity (i.e. P45, N80 and P100 somatosensory
components) by emotional facial expressions and confirm the
presence of these early right SCx emotion effects by con-
trasting their amplitudes against zero activity (instead of
contrasting emotion effects against each other). Furthermore,
we evaluated whether any such isolated right SCx emotion
effects were associated to participants’ self-reported alex-
ithymia level (Bagby et al., 1994), level of depression (Beck
et al., 1996) or cardioceptive abilities (Dale & Anderson, 1978;
Schandry, 1981) as these have been linked to changes in
emotion perception.

2. Materials and methods

In the following sections we report how we determined our
sample size, all data exclusions, all inclusion/exclusion
criteria, whether inclusion/exclusion criteria were established
prior to data analysis, all manipulations, and all measures in
the study.

2.1. Participants

Thirty-five volunteers, naive to the objective of the experi-
ment participated for payment. The data of five participants
were excluded from the EEG analyses. Two of the excluded
participants had too large difference in the number of trials
(after EEG cleaning) and three of them did not show clear SEP
components (see EEG analysis of emotion judgment task
below). The remaining 30 participants (16 women) were all
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right-handed, aged 18—66 years (mean age of 27.6 years), and
had normal or corrected-to-normal vision. Participants were a
mix of university students, staff and people living close to the
University who responded to an announcement placed on the
departmental participant recruitment system (SONA). All
participants who signed up during the data collection period
were invited with the aim of exceeding the sample size of
similar studies (Arslanova et al., 2019; Galvez-Pol et al., 2020;
Sel et al., 2014). For the cardioceptive analysis the data of one
participant was excluded, because their ECG did not show
clear R peaks (see Electrophysiological recordings below).
Thus, the analyses involving cardioception were based on
N = 29. All participants gave informed consent before partic-
ipation. The study was approved by City, University of Lon-
don, Psychology Research Ethics Committee.

2.2. Facial emotion judgment task

A set of 80 face pictures (20 per emotion) depicting angry, sad,
happy, and neutral emotions from the Karolinska Directed
Emotional Faces set (Lundqvist et al., 1998) were grey scaled
and enclosed in a rectangular frame (1.40 x 1.57 inches),
excluding most of the hair and non-facial contours. Face
stimuli were presented centrally on a black background using
the E-prime 2 software (Psychology Software Tools, Pitts-
burgh, PA), which also controlled delivery of the tactile stim-
uli. These tactile stimuli were completely task-irrelevant, and
their purpose was to probe somatosensory activity. They were
delivered by 12 V solenoids (5 mm in diameter) attached with
microporous tape to the tip of the left index finger. When a
current passed through the solenoid tactile stimulation was
delivered by driving a metal rod with a blunt conical tip that
contacted participants' fingertip. To mask sounds made by the
tactile stimulators, white noise (65 dB, measured from the
participants’ head) was presented through a loudspeaker
placed 70 cm in front of the participants.

Each trial of the emotion judgement task started with the
presentation of a fixation cross (500 ms), followed by a neutral,
angry, sad, or happy face (600 ms). On half of the trials, in
addition to a face picture, participants received brief (5 ms),
task-irrelevant tactile stimulation. During the visual—tactile
conditions tactile stimuli were delivered 105 ms after face
onset based on previously reported right SCx emotion pro-
cessing (Pitcher et al., 2008; Sel et al., 2014). To control for vi-
sual carry-over effects in the somatosensory response, we
included a visual-only condition, where the same facial
stimuli were presented an equal number of times as in the
visual-tactile condition but without tactile stimulation (see
Fig. 1A). We used 20 practice trials that did not contain any
experimental facial stimuli (5 trials per condition, with 8 trials
followed by a question asking about the emotion expression).
The overall experiment consisted of 800 randomized trials,
presented in four blocks, including 200 neutral, 200 angry, 200
sad and 200 happy faces. In 10% of all trial types of each block,
participants were asked whether the face stimulus was
happy, sad or angry. Participants were told to closely observe
the faces presented on the screen, ignore all tactile stimuli,
and to respond vocally (yes/no) as soon as possible if a ques-
tion was presented (maximum response time 3000 ms). The
inclusion of the question was to ensure that participants

directed attention to the task and judged each facial expres-
sion. Performance was above 80% correct indicating good task
compliance. Participants were offered a break in between
blocks.

2.3. Alexithymia, depression and cardioception

To assess participants' level of alexithymia participants
completed the Toronto Alexithymia Scale (TAS-20; Bagby
et al.,, 1994). Participants also completed the Becks Depres-
sion Inventory (Beck et al., 1996). Both questionnaires were
presented before the other tasks on a computer by use of
Qualtrics software (Qualtrics LLC) which also logged partici-
pants’ responses.

To assess cardioceptive abilities participants completed
the heartbeat counting task (Shandry, 1981). Throughout the
task, presented using Eprime 2 software, a fixation cross was
shown at the centre of the monitor. Participants were
instructed to count their heartbeats, without feeling their
pulse, when the cross turned from red to green for four
randomly intermixed intervals of 20, 35, 45 and 100 s. At the
end of each interval participants were asked to state the
number of heartbeats they had counted and to rate their
confidence in correctly counting all heartbeats on a scale of 10
with 1 signifying ‘not confident at all’ and 10 ‘very confident’.
At the start of this task a 10 s practice counting interval was
given. This task was performed after the questionnaires and
before the emotion judgment task.

2.4. Electrophysiological recordings

For the EEG and ECG recordings, participants were seated in an
electromagnetically shielded, sound attenuated, dimly lit
room, viewing a 60 Hz computer monitor at a distance of
80 cm. EEG was recorded from 64 Ag/AgCL active electrodes of
which 60 were mounted equidistantly on an elastic cap (M10
montage; EasyCap GmBH, Herrsching, Germany) and standard
EEG recording preparation procedures were used to ensure
good signal quality (i.e. degreasing of skin and use of elec-
trolyte). Electrodes were referenced to the right earlobe and
re-referenced off-line to the average of the scalp mounted
electrodes. The horizontal electrooculogram (HEOG) was
recorded by placing two electrodes about 1 cm lateral to the
external canthi of each eye, and the ECG was recorded by
placing one electrode about 2 cm under the left collarbone.
The skin under each electrode was cleaned with an alcohol
solution before conductive gel was applied. Continuous EEG
was recorded using a BrainAmp amplifier (BrainProducts;
amplifier bandpass .01-100 Hz) and a 500 Hz sampling rate.
Off-line, EEG analysis was performed using Brain Vision
Analyzer 2.2 software (Brain Products GmbH, Gilching, Ger-
many). The data was digitally low-pass-filtered at 30 Hz
(Butterworth zero phase filters). The EEG signal recorded
during the emotion discrimination task was epoched into
segments lasting from 100 ms before to 500 ms after the onset
of the tactile or visual stimuli (for analysis of somatosensory
and visual activity, respectively) of each trial. Segments were
then baseline corrected to the first 100 ms. Eye movements
were corrected (Gratton et al., 1983) and trials with other ar-
tifacts (voltage exceeding + 100 mV at any electrode relative to
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A. Example trial types

B. Schematicillustration of SEP

C. VEPs and SEPs to different emotions

isolation method

Visual- Tactile Trial

VEPs + SEPs

&

Is s/he happy?

Visual Only Trial

(VEPs + SEPs) minus (VEPs) N80
o _ .

Visual Tactile Trials: Visual Only trials:
VEPs + SEPs VEPs

£SCx 5Cx

Visual Tactile Trials (50%)  Visual Only Trials (50%)
[ c—)

@ o
r : ]

- =

=

 {

VEPs

‘ ‘ Difference:

W] rSCx SEPs (VEP free)

Black = Angry
Red = Happy
Blue = Sad

Y

SEPs (VEP free)

Fig. 1 — Emotion judgment task. The two different trial types of the emotion judgment task are shown and their

corresponding schematic and neural responses. (A.) The left panel shows the positioning of the participants in front of the
monitor including application site of the tactile probe (yellow triangle), and the distribution of recording electrodes across
the scalp with yellow electrode sites included in the analyses of the SEP emotion response, and red sites in the analyses of
the VEP emotion response. The timelines at the top show the sequence of visual stimuli and presentation of tactile probe in
two example trial types. These trials (visual-only and visual-tactile) were randomly intermixed (50/50 ratio). A question was
presented at the end of a trial in 10% of all trials. (B.) The middle panel shows the schematic neural response elicited by the
onset of the images and tactile probes, and its distribution across the whole brain on an example visual-tactile (left) and

visual-only (right) trial. The abstracted outcome of the subtraction of activity elicited on these two trial types is shown at the
bottom. (C.) The right panel shows ERPs elicited in response to the different emotion expressions over right SCx centred on
the onset of the tactile probe (at timepoint zero) on visual-tactile trials (left) and temporally equivalent on visual-only trials
(right). The bottom graph shows ERPs over right SCx in response to different emotion expressions generated by subtracting
ERPs on visual-only trials from visual-tactile trials resulting in VEP-free SEPs. Early somatosensory components (P45, N80,
P100 and N140) are labelled and modulations of SCx activity by the different emotion expressions are shown (angry in black,

happy in red, sad in blue and neutral in green).

baseline) were excluded from the analysis. For the ECG signal
recorded during the heartbeat counting task the Brain Vision
Analyzer 2.2 EKG detection macro was applied to identify R-
peaks for each counting interval. One participant had to be
excluded from this analysis as no R-peaks were detected.
Heartbeat counting accuracy was then calculated based on the
number of counted (HBc) and recorded (HBr) heartbeats per
interval with the following formula: 1/4)(1-|HBr-HBc|/HBr).
Participant's cardioceptive awareness was calculated using
Pearson correlation between the counting accuracy and con-
fidence scores (Garfinkel et al., 2015).

2.5. EEG analysis of emotion judgment task

To reveal the somatosensory emotion effect, we first isolated
SCx activity from visual carry-over activity by subtracting
brain activity on trials that contained activity only due to vi-
sual evoked responses (i.e., VEPs on visual-only trials) from
trials that contained a combination of visual and somato-
sensory evoked responses due to the combined visual and

tactile stimulus presentation (i.e., VEPs and SEPs on visual-
tactile trials). This method (see Galvez-Pol et al., 2020; and
Fig. 1B) allows examining somatosensory processing (SEPs)
free of visually evoked activity (VEP-free). To avoid any biases,
we ensured a similar level of signal-to-noise ratio between
visual-tactile and visual-only trial types (t (29) = —1.23,p = .23).
Two participants were excluded due to a large difference (>45
trials) in accepted trials between these two conditions. That
this approach isolates somatosensory activity can be seen in
Fig. 1. While somatosensory activity is not apparent in ERPs
elicited on visual-only trials and only very distorted in visual-
tactile trials, the subtraction of these ERPs elicited on these
trial types results in difference SEPs. Importantly, common
SEP components are present (i.e. P45, N80, P100 and N140)
which have been shown to be generated within primary (P45)
and secondary (N80 and P100) somatosensory cortex.

As a second step, we subtracted mean amplitudes of the
neutral condition from mean amplitudes on each of the other
emotion conditions (angry, happy, and sad) to isolate three
pure emotion effects in somatosensory activity. We have
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previously shown (Sel et al., 2014) that facial emotional pro-
cessing modulates right somatosensory cortex (SCx) at early
and mid-latency somatosensory components. This allowed us
to expect specific modulations of right SCx activity, in
particular in the time range of the P45, N80 and P100
components—reflecting successive stages of processing from
primary (P45) to secondary (P100) SCx—for which we have
previously source localized emotion modulations (Fanghella
et al,, 2022; Sel et al., 2014). We further pooled SEPs (VEP-
free) at electrode sites corresponding to FC2, FC4, FC6, C2, C4,
C6, CP2, CP4 and CP6 of the 10/10 system (electrodes 3, 4, 9, 10,
11, 12, 23, 24 and 25 of the M10 montage used in this study,
respectively). These electrode sites are over right somato-
sensory areas where early SEP components—in particular, the
P45, N80 and P100 (see Fig. 1B)—are commonly apparent and
where we previously found emotion effects (Sel et al., 2014).
The absence of these components (in the grand average across
all emotion conditions) led to exclusion of the data of 3 par-
ticipants from analysis as SCx activity was not sufficiently
probed possibly due to the tactile stimulator becoming dis-
lodged during testing. Importantly, our amplitudes subtrac-
tion approach (i.e. difference waveforms) and focus on certain
ERP components and electrode sites is in line with recent ERP
analysis recommendations to minimize Type I errors (Luck &
Gaspelin, 2017). To confirm reliable SCx emotion effects we
compared each of the right SCx emotion effects (amplitudes
on angry, happy, and sad trials minus neutral trials) against
zero employing planned, one-sample t tests and Bayes t tests.
A comparison value of zero was used as this would indicate
that the neutral and anger/happy/sad emotion expression
matched. Bayes factor analysis was implemented as it allows
to measure the strength of evidence for the null hypothesis
(Ho)— in this case, no difference between emotion effect and
zero—or the alternative hypothesis (H,). Bayes factors with
numbers smaller than 1 represent evidence for Hy and larger
than 1 for H, (cf. Keysers et al.,, 2020; Teichmann et al., 2022).
Analysis time windows were centred on the peaks of early and
mid-latency somatosensory components (i.e. P45 (40—60 ms),
N80 (66—92 ms) and P100 (94—124 ms)) where emotion effects
have previously been observed (Fanghella et al., 2022; Sel et al.,
2014). Analysis windows were determined by visual inspec-
tion of grand averaged SEPs (VEP-free) across all emotion
conditions and participants. For the final step, to investigate
the relationship between reliable SCx emotion effects and
alexithymia trait, depression level and cardioceptive ability,
we conducted regression analyses with mean amplitude
values of the reliable SCx emotion effects as a dependent
variable.

To investigate emotion effects on visual cortex (VCx), VEP
grand averages were computed from the onset of the visual
stimuli on visual-only trials separately for each emotion. In
line with previous research (Sel et al., 2014; Williams et al.,
2004, 2006), we expected modulation of the P1, N170 and P2
when viewing emotional faces at electrode sites 01/2, 09/10
and PO9/10 over occipital cortex (corresponding to electrodes
44/42, 57/55 and 58/54 of the M10 layout used). Analyses
windows centred on the peaks of these components (i.e., P1:
115—165 ms; N170: 167—199 ms; P2: 215—270 ms) were deter-
mined by visual inspection of the grand average across all
emotions and participants. Furthermore, to investigate the

pure emotion expression effects on visual processing, VEPs
elicited by faces showing neutral emotion were subtracted
from VEPs elicited by each of the emotion conditions (happy,
sad, and angry). To confirm reliable emotion expression
modulation of VEPs, one-sample t tests were run for each VEP
emotion expression against zero based on mean amplitudes
pooled over the electrodes of interest for each of the compo-
nents of interest (see above). The mean amplitude of thus
identified reliable VEP emotion expression effects were then
submitted to regression analyses with mean amplitude values
of reliable VCx emotion effects as dependent variable first and
alexithymia, depression and cardioception accuracy as inde-
pendent variables, mirroring the SCx emotion analysis
described above. Statistical analyses were completed with
SPSS (version 28) and JASP (version .16.2.0).

3. Results
3.1.  Alexithymia, depression, and cardioception scores

Participants scored on average 45.62 (SD = 10.03) on the TAS-
20 questionnaire with a wide spread of scores; in particular, 17
participants showed low levels of alexithymia (scoring <51),
and 13 participants high levels of alexithymia (scoring >52)
(Franz et al., 2008). Participants scored on average 5.6
(SD = 6.14) on the BDI, and none of the scores indicated major
depression which may have influenced emotion perception.
There was a strong correlation between the depression score
and alexithymia (r = .61, n = 30, p = .001). Participants’
heartbeat counting (cardioceptive) accuracy score was on
average .62 (SD = .18), which is comparable to .66 (SD = .21)
reported by Garfinkel et al. (2015). Average confidence score
was 5.70 (SD = 1.62) with an average cardioceptive awareness
score (i.e., the correlation coefficient between cardioceptive
accuracy and confidence) of .26 (SD = .56). There was a me-
dium correlation between cardioceptive accuracy and
depression (r = .38, n = 29, p = .04) and no other significant
correlations.

3.2.  Analyses of SCx emotion effects, and their relation
to alexithymia and cardioception

We performed planned one sample t tests of the emotion
expression effects on right SCx activity against zero separately
for the early somatosensory components (i.e. P45, N80 and
P100). These showed a significant anger expression effect
(M = .22. SD = .58) in the time range of the N80 component, t
(29) = 2.07, p = .047, d = .38, 95% CI [.003, .439], and a happy
expression effect (M = —.21, SD = .55) in the time range of the
P100, t (29) = -2.13, p = .042, d = —.39, 95% CI [—.42, —.008].
There were no statistically reliable emotion expression effects
in the time range of the P45 component; and there were no
reliable SCx modulations of the sad emotion at any of the SEP
components analysed (all t (29)<.832; p > .412; d < .142). These
frequentist analysis showing insignificant effects are further
supported by Bayes Factor analyses confirming an absence of
evidence for any emotion effects (all BF;o < .3) except the N80
anger (BF;o = 1.3) and P100 happy (B1o = 1.4) emotion effects
(cf. Teichmann et al., 2022). While the evidence for the latter
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emotion effects is weak, it is nonetheless in favour of a dif-
ference in amplitudes of these emotion effects from zero.
Fig. 1C shows SEPs (VEP-free) averaged across electrode sites
over SCx in response to different emotional faces. These
emotion difference waveforms indicate emotion specific
modulations of SCx activity over time. Importantly, they also
show the distinct somatosensory components that have been
shown to be generated in primary and secondary somato-
sensory cortex reflecting hierarchical and distinct processing
stages within somatosensory activity (Allision, 1992;
Iwamura, 1998). Fig. 2 shows the isolated, mere emotion
expression effects on difference waveforms of SCx activity in
response to emotion faces minus neutral face expressions.

These SCx emotion expression effects reveal the mere
emotion effect on SCx activity with deviations from zero
(indicating amplitude differences in emotion from neutral
face expression) first present for anger followed by happy
emotion expressions while showing only small deviations
from zero over time for sad emotion expression.

Next, the relationship between the SCx embodied emotion
effects with alexithymia trait score, depression and car-
dioceptive accuracy were analysed. As the depression level
correlated with both alexithymia and cardioceptive accuracy,
we conducted separate regression analyses (see Table 1). The
first one looked at the effect of alexithymia while controlling
for depression and cardioceptive accuracy and the second one

rSCx facial emotion expression effects

Black = Angry effect (Angry — Neutral)
Red = Happy effect (Happy — Neutral)
Blue = Sad effect (Sad — Neutral)

Correlation between alexithymia trait score and SCx anger effect
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Fig. 2 — Emotion effects on somatosensory activity. Emotion effects are shown at electrodes pooled over right SCx. The top
graph shows right SCx emotion effects beyond facial features over time centred on the onset of tactile probes (zero being the
onset of the tactile probe), and generated by subtracting SEPs (VEP-free) elicited on neutral from angry (black line), from

happy (red line) and from sad (blue line) emotion expression trials (the correspondingly shaded areas show the standard

error). Asterisks indicate statistically reliable emotion effects on early somatosensory components, that is, an N80 anger
and P100 happy emotion effect. The analysis time-windows were as follows: P45 (40—60 ms), N80 (66—92 ms), P100
(94—124 ms). The bottom graph shows the relationship between the rSCx anger effect and TAS score including a line

representing the strength of the correlation.
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Table 1 — Regression models predicting the SCx angry and happy effects.

N80 anger effect

P100 happy effect

model main predictor model main predictor
Alexithymia-only 2=.16,P = .031 beta = .39(se = .17), P = .04 R*=.01,p=.70 beta = —.07 (se = .19), p = .70
+ depression R?=.21,P = .04 beta = .57(se = .22), P = .01 R?=.01,p = .93 beta = —.08 (se = .24),p = .74
4 cardioception R?>=.18,p=.17 beta = .51 (se = .24), p = .05 R?>=.07,p = .58 beta = —.23 (se = .26), p = .37
Cardioception-only R?>=.02,p = 45 beta = —.15 (se = .19), p = .45 R?=.04,p = .29 beta = —.20 (se = .18), p = .29
+ depression R?=.04,p= .63 beta = —.20 (se = .21), p = .36 R®>=.04,p=.56 beta = —.22 (se = .21), p = .30
+ alexithymia R’>=.18,p=.17 beta = —.06 (se = .21), p = .78 R?=.07,p = .58 beta = —.28 (se = .22), p = .21

Note: main predictor column shows the beta values for the main predictor in bold, alexithymia and cardioception, respectively.

looked at the effect of cardioceptive accuracy while control-
ling for depression and alexithymia. One participant was
missing a cardioception score, resulting in an exclusion (see
Participants section above). All variables were standardised
and mean-centred. Table 1 shows that only modelling the
effect of alexithymia on the N80 anger component was sta-
tistically significant. Higher levels of alexithymia predicted
stronger SCx activation in response to angry as opposed to
neutral expressions in the N80 time window (see Fig. 2 lower
panel; without controlling depression or cardioception: t = 2.3,
p = .04). The effect of alexithymia was strengthened when
controlling for depression (t = 2.6, p = .01) and marginally
retained when cardioception was included into the model
(t = 2.1, p = .05). Alexithymia did not predict the P100 happy
effect and cardioceptive accuracy did not predict SCx modu-
lations for either emotion.

3.3.  Analyses of VCx emotion effects, and its relation to
alexithymia and cardioception

Planned one sample t-tests of the visual emotion expression
effects against zero showed a significant anger expression
effect on VCx activity (M = —.72, SD = 1.14) in the time range of
the P2, t (29) = —3.46, p = .002, d = —.63, 95% CI [-1.15, .29].
There were no statistically reliable happy or sad emotion
expression effects (happy: all t (29) > .09, p > —1.78, d < —.33;
sad: all t (29) > —1.58, p > .13, d < —.29) in the time range of the
P1 or N170 components; and there were no reliable VCx
modulations of sad expressions at any of the VEP components
analysed (all t (30) < —1.315; p > .199). Importantly, the anger
expression effect on SCx was seen on the somatosensory N80
component. The analysis time window for this component
(66 ms—92 ms after tactile probe onset and 171 ms to 197 ms
from the visual stimulus onset) precedes the analysis window
for the visual P2 component (215 ms—270 ms after visual onset
and 110—165 ms after tactile onset). In addition, anger effect
amplitudes did not correlate (r = .08, p = .68), further con-
firming the independence of the SCx anger expression effect
from the anger VEP emotion effects. Furthermore, none of the
regression models with the visual P2 anger expression effect
as a dependent variable and alexithymia, depression, and
cardioceptive accuracy as independent variables were signif-
icant (see Table 2). The top graph of Fig. 3 shows VEPs aver-
aged across electrode sites over VCx in response to different
emotional faces revealing emotion specific modulations of
VCx activity over time, while the bottom graph shows the vi-
sual emotion expression effects, that is difference waveforms

of VCx activity in response to emotion faces minus neutral
face expressions. These emotion expression effects on VCx
activity reveal the pure emotion effect on VCx activity with
deviations from zero present for angry, but comparatively
small for happy and sad face expressions.

4, Discussion

A neural network of brain areas subserves the rapid under-
standing of other's emotion expressions allowing for smooth
social interactions. The right SCx has been shown to inde-
pendently contribute to the early visual perceptual processing
underpinning such social interactions (Pitcher et al., 2008; Sel
et al., 2014). This has contributed to the view of emotional
understanding as not merely conceptual but as an embodied
phenomenon engaging one's own internal body representa-
tion (Barrett et al., 2014; Barsalou, 2009; Niedenthal, 2007). The
current study expands those previous findings by showing
preliminary evidence that SCx engagement during perception
of emotional facial expressions is emotion-specific and sha-
ped by trait alexithymia. This suggests that perceiving emo-
tions in others may engage the internal body representation to
varying degrees as a function of one's own emotional abilities.
Specifically, we recorded ERPs in response to neutral, happy,
angry, and sad faces and isolated the neural response to the
emotional face images over somatosensory areas. To reveal
the SCx response during the facial emotion judgment task, we
probed SCx activity by task-irrelevant touches (visual-tactile
trials) and subtracted VEPs elicited on visual-only trials to
generate VEP-free SEPs. We isolated emotion effects by sub-
tracting SEP amplitudes (VEP-free) on trials with emotional
facial expressions from trials with neutral expressions and
proceeded to show distinct modulations of somatosensory
activity for anger in the time range of the somatosensory N80
followed by a happy emotion effect for the P100 component.
Furthermore, the magnitude of the earlier somatosensory
modulation by anger was further shaped by self-reported
alexithymia.

In previous studies (Fanghella et al., 2022; Sel et al., 2014)
we have shown right SCx emotion modulations at early and
mid-latency time ranges. While these studies showed that SCx
activity is enhanced when judging emotions compared to the
person's gender, they also showed differential engagement of
SCx to different emotions (e.g. fearful differs from happy).
Here we show that the isolated SCx emotion effect induced
when discriminating other's angry and happy emotional facial
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Table 2 — Regression models predicting the VCx angry effect.

P2 anger effect

model

main predictor

Alexithymia-only

+ depression

R? <.001., p = .93
R?>=.02,p = .80

beta = .02 (se =.19), p = .93
beta = —.08 (se = .24),p = .74

+ cardioception R*=.04,p=.77 beta = —.20 (se = .26), p = .45
Cardioception-only R?=.003, p = .80 beta = —.05 (se = .19), p = .80
+ depression R?=.02,p = .80 beta = —.11 (se = .21), p = .62
+ alexithymia R?=.04,p=.77 beta = —.16 (se = .22), p = 45

Note: main predictor column shows the beta values for the main predictor in bold, alexithymia and cardioception, respectively.

VEPs to different emotions

-2 UV Vex
N170
Black = Angry
Red = Happy
Blue = Sad
Green = Neutral
P1

VCx facial emotion expression effects

Black = Angry effect (Angry — Neutral)
Red = Happy effect (Happy — Neutral)
Blue = Sad effect (Sad — Neutral)

Fig. 3 — Emotion effects on visual activity. Emotion effects
re shown at electrodes pooled over VCx. The top graph
shows VEPs elicited in response to different emotion
images (zero being the onset of the images) with different
line colours representing different emotional facial
expressions. The bottom graph of difference ERPs showing
the emotion effect in VCx activity. These waveforms were
generated by subtracting VEPs elicited by neutral from
angry (black line), from happy (red line) and from sad (blue
line) facial expressions on visual-only emotion expression
trials (the correspondingly shaded areas show the
standard error). Asterisk indicates the statistically reliable
anger emotion effect in the time range of the P2 visual
component. The analysis time-windows were as follows:
P1 (115165 ms), N170 (167—195 ms), P2 (215—270 ms).

expressions exceeds neutral emotion expressions effects.
Furthermore, right SCx anger preceded happy activations
suggesting unique temporal pattern of activations possibly

linked to different somatosensory processing stages (N8O
versus P100). Employing repetitive TMS, Pitcher et al. (2008)
established a functional role of SCx in perception of facial
expressions conveying happy, sad, surprise, fear, disgust, and
anger. However, they were not able to show expression-
specific effects possibly due to the restricted number of trials
employed per emotion (see Pitcher et al., 2008 for discussion).
We demonstrate temporally distinct SCx emotion effects for
perceiving angry and happy facial expressions.

One tentative explanation for the emotion specific SCx
activations is that different emotions vary in the level and the
nature of the somatovisceral representation they involve
(Hussey & Safford, 2009). A series of studies using event-
related desynchronisation (ERD) have similarly shown a
distinct profile of neural rhythms within the sensorimotor and
SCx regions, in particular between expressions of happiness
and disgust (Moore et al., 2012) and between happiness and
fear and sadness (Charidza & Gillmeister, 2022). Charidza and
Gillmeister (2022) interpret the increased ERD when viewing
happy versus sad and fearful expressions as arising from a
potential greater simulation of positive motor action inherent
in a happy expression or due to perceptual advantage of
happy expressions, whereby happy expressions are easier to
decode than those of sadness (Kirita & Endo, 1995). Likewise,
in the present study, significant modulations of SCx-related
activity when viewing happy and angry expressions, but not
sad expressions, relative to neutral expressions, may be
because expressions of happiness and anger recruit greater
somatovisceral representations as opposed to expressions of
sadness. While it is possible that SCx sad emotion effect takes
longer to develop and that the timing with which we probed
somatosensory activations with regards to the onset of the
visual facial stimuli may have not been optimal for sad
emotion expressions, Charidza and Gillmeister (2022) used
dynamic emotional expressions lasting 4 s.

The reason for a distinct early SCx response for angry (N80)
and a slightly later response for happy (P100) expressions re-
mains unclear. There are several reasons why somatovisceral
response to expressions of anger and happiness should differ.
First, that the anger effect precedes the happy SCx effect may
reflect the evolutionary significance of anger perception or
that anger typically involves a more rapid engagement of
somatovisceral processes (i.e., quick acceleration of the heart).
Second, while expression of happiness may engage stronger
internal simulation to augment the positive affective state
(Soussignan, 2002), expression of anger may involve less
simulation as it is a non-affiliative signal (Bourgeois & Hess,
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2008). Interestingly, an early differentiation (around 80 ms)
between neutral and angry expression over SCx was followed
by a later anger differentiation (around 200 ms) over the oc-
cipital areas. P200 is known to be the first component that
shows emotion specificity, for example it is enhanced for
fearful as compared to happy and neutral faces (Eimer &
Holmes, 2002; Ashley et al., 2004). It could be that the rapid
engagement of somatovisceral processes during the percep-
tion of anger translated to better emotion detection as re-
flected in the P200 modulation over the VCx. However, it
should be noted that both happy and anger emotion effects
were driven by a decrease in the respective components
relative to the neutral emotion. However, the meaning of this
directionality and the functional significance of temporally
distinct emotion specific SCx modulation remain unclear. It
should also be noted that the SCx modulations when viewing
angry and happy expressions as opposed to neutral ones
remained statistically marginal. Thus, further studies with a
more stringent emotion task would be required to tie ERP
modulations to behavioural outcomes.

In addition, we investigated the role of trait alexithymia,
depression levels and cardioceptive abilities in shaping this
neural emotion response right SCx when observing other's
facial expressions. Neurological and psychiatric disorders
such as Schizophrenia have been linked to reduced and
slower ERP components during perception of faces
(Feuerriegel et al., 2015) and reduced differentiations between
happy, sad and happy, fearful expressions have been found
over SCx in individuals with higher trait anxiety and trait
autism, respectively (Charidza & Gillmeister, 2022). Here we
show that individual differences in the levels of alexithymia
predict, in part, the outcome of the SCx N80 anger emotion
effect and this relationship was even strengthened when
considering depression levels. Deficits in social interactions
and emotion recognition are a key feature in people who have
high levels of trait alexithymia (Nemiah et al., 1976). Inter-
estingly, levels of alexithymia were related to a greater dif-
ference in SCx activity between the expression of anger and
neutral expression. Yet, this finding extends the findings of a
previous fMRI study (Thme et al., 2014) in which a higher BOLD
response in SCx in response to angry and fearful expressions,
but not happy expressions was reported in the high compared
to low alexithymia group, suggesting an enhanced somato-
sensory processing when faced with angry and fearful ex-
pressions. Thme et al. (2014) interpreted the enhanced
somatosensory processing in high alexithymia as reflecting
the possibility that alexithymic individuals may rely more
strongly on information related to bodily actions or may be
more inclined to internally simulate the expressions of others.
The lack of correlation between trait alexithymia and SCx
happy effect is also consistent with the findings of Thme et al.
(2014) and may be related to fewer difficulties of interpreting
the positive expressions (Sonnby-Borgstrom et al., 2009) or it
could be related to the fact that expression of anger is more
salient signal for survival than the expression of happiness
and thus needs to be processed to a greater extent. To eluci-
date the functional significance of the greater SCx response
when perceiving anger with higher levels of alexithymia
future studies may examining accuracy scores in a more

demanding emotion judgement task (i.e., with morphed
neutral-to-emotional expressions).

Finally, we also evaluated participants cardioceptive abili-
ties, in the form of the commonly used heartbeat counting
task (Dale & Anderson, 1978; Schandry, 1981), as many the-
ories of emotion processing have postulated a close relation-
ship with the perception of physiological signals (e.g.
Damasio, 1999; James, 1884; Schachter & Singer, 1962). Like-
wise, previous research has shown links between heartbeat
counting accuracy and empathy for others (Grynberg &
Pollatos, 2015), neural markers of emotional self-regulation
(Fustos et al., 2013; Herbert et al., 2007) and understanding
the emotional expressions of others (Georgiou et al., 2018;
Herbert et al., 2007; Herbert & Pollatos, 2012). Yet, we did not
find that the heartbeat counting accuracy predicted neural
measures of VCx or SCx emotion effects. However, it should
be noted, that the ability to accurately count one's heartbeat
may be influenced by prior knowledge of the timing of one's
heartbeat (Brener & Ring, 2016) or exteroceptive information
(Khalsa et al., 2009) and control measures have been suggested
(Murphy et al., 2018).

Taken together, we show differences in the right SCx
emotion effect to observed anger and happy facial expressions
extending previous findings showing an independent role of
SCx in emotion processing (Pitcher et al., 2008; Sel et al., 2014).
Moreover, we show that individual differences in the per-
sonality trait alexithymia account, at least in part, for the SCx
anger emotion effect. Therefore, the neural response when
observing other's emotions in SCx can be unique to the
observed emotion and, at least for anger, can be shaped by the
observer's alexithymia trait.
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