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Introduction: Social reappraisal, during which one person deliberately tries to
regulate another’'s emotions, is a powerful cognitive form of social emotion
regulation, crucial for both daily life and psychotherapy. The neural underpinnings of
social reappraisal include activity in the default mode network (DMN), but it is unclear
how social processes influence the DMN and thereby social reappraisal functioning.
We tested whether the mere presence of a supportive social regulator had an effect
on the DMN during rest, and whether this effect in the DMN was linked with social
reappraisal-related neural activations and effectiveness during negative emotions.

Methods: A two-part fMRI experiment was performed, with a psychotherapist as
the social regulator, involving two resting state (social, non-social) and two task-
related (social reappraisal, social no-reappraisal) conditions.

Results: The psychotherapist's presence enhanced intrinsic functional
connectivity of the dorsal anterior cingulate (dACC) within the anterior medial
DMN, with the effect positively related to participants’ trust in psychotherapists.
Secondly, the social presence-induced change in the dACC was related with (a)
the social reappraisal-related activation in the bilateral dorsomedial/dorsolateral
prefrontal cortex and the right temporoparietal junction and (b) social reappraisal
success, with the latter relationship moderated by trust in psychotherapists.

Conclusion: Results demonstrate that a psychotherapist's supportive presence
can change anterior medial DMN's intrinsic connectivity even in the absence
of stimuli and that this DMN change during rest is linked with social reappraisal
functioning during negative emotions. Data suggest that trust-dependent social
presence effects on DMN states are relevant for social reappraisal—an idea
important for daily-life and psychotherapy-related emotion regulation.

social reappraisal, social support, social emotion regulation, social presence, default
mode network, interpersonal trust, anterior cingulate

1. Introduction

Social reappraisal is a powerful cognitive form of social emotion regulation, important in
both daily life and psychotherapy (1, 2). It represents the process by which one person
deliberately tries to change emotions of another using a cognitive approach, such as suggesting
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a reinterpretation of an emotional stimulus or situation (2).
We previously showed that social reappraisal of negative stimuli by
a psychotherapist is supported by the brain’s default mode network
(DMN) (3), primarily comprising the medial prefrontal cortex
(MPFC), the posterior cingulate (PCC) and precuneus, the lateral
parietal cortex, and the temporoparietal junction (TPJ) (4, 5).
However, a crucial next step would be to determine which DMN
processes might influence the neural activity and effectiveness of
social reappraisal, especially considering the DMN’s role as “an
active and dynamic ‘sense-making’ network integrating incoming
extrinsic information with prior intrinsic information to form rich,
context-dependent models of situations as they unfold over time”
(6). We thus asked, firstly, whether the simple presence of a
supportive social regulator will impact the DMN state as realized
during rest, and secondly, whether this effect will be associated with
both social reappraisal effectiveness and brain activations during
negative emotions.

Intrinsic brain networks are based on coherent ongoing (i.e.,
intrinsic) activity and are thereby detectable at various resting state
conditions, such as resting with eyes open or closed. The networks
are commonly investigated by resting-state blood oxygenation level
dependent (BOLD) functional MRI (fMRI) via correlated BOLD
fluctuations in the infra-slow frequency spectrum (<0.1Hz),
referred to as intrinsic functional connectivity (iFC) (7-9). To
detect iFC changes in the DMN during rest, we recorded
participants’ brain activity in two resting-state conditions—once
alone and once in the condition of perceived supportive presence
of a psychotherapist—on different days (see Figure 1A-left). Despite
being highly stable between and within individuals (10, 11), iFC is
sensitive to specific short-term experiences (12), and exhibits
changes across time and mental states (10, 13). DMN connectivity,
specifically, changes in response to external context, such as spoken
narratives (14). However, no study to date has investigated whether
the DMN’s iFC might be changed by the supportive presence of a
trustworthy other. The powerful positive impact the presence of a
trustworthy conspecific can have on our physical and emotional
state (15-17) led us to expect that supportive social presence of a
psychotherapist will impact the DMN’s iFC, more specifically iFC
of the anterior medial DMN (aDMN) (Hypothesis la, see
Figure 1B-left). The human aDMN covers the MPEC, a region
signaling safety and social proximity (16, 18); the orbitofrontal
cortex (OFC), involved in social evaluation and encoding of social
rewards (19-21); and the dorsal anterior cingulate cortex (dACC),
a region responding to social exclusion and lack of social support
(22, 23). Furthermore, a study found that voxels in the dACC and
OFC showed higher response magnitudes while alone, compared to
holding a friend’s hand, even during the resting periods of a shock
experiment (24).

A psychotherapist was chosen as the partner for supportive
social presence (and social reappraisal), as a prototypical role model
for coping with negative emotions; psychotherapists also perceive
themselves as highly able to cope with negative emotional feelings
(25, 26). Nevertheless, people vary in their beliefs of psychotherapists’
trustworthiness and the level of general trust in psychotherapists
might relate to the level of positive influence a specific
psychotherapist will have on an individual (27, 28). As DMN activity
and connectivity have been shown to change in response to prior
beliefs and schemas (6, 29, 30), we hypothesized that higher general
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trust in psychotherapists might relate to a stronger social presence-
induced iFC change in the aDMN (Hypothesis 1b; see Figure 1B-left).

DMN, as a brain system, is seen as the integrator of extrinsic
inputs and intrinsic memories and beliefs, which thus supports and
promotes social interactions (6). Focusing on a specific social
interaction, we previously found that DMN activations support
social reappraisal (3). Here, we were interested in whether and how
changes within the DMN (e.g., due to supportive social presence)
might influence social reappraisal functioning—both DMN
activations during social reappraisal and social reappraisal
effectiveness. A study found that the reappraisal of negative images
was strongest when initiated by a close friend compared to a stranger
or the participants themselves, implying a positive relationship
between the processes of supportive social presence and social
reappraisal (31). In terms of neural activations, we thus hypothesized
that changes in aDMN connectivity due to supportive presence of
the psychotherapist will positively relate with social reappraisal-
related brain activations during negative emotions (i.e., the “social
reappraisal activation network”) (Hypothesis 2a, see Figure 1B-left).
With regard to the behavioral outcome, we expected that the social
presence effect during rest might also relate to social reappraisal
success, but, in line with the social presence effect, depending on the
person’s preconceived trust in psychotherapists (Hypothesis 2b; see
Figure 1B-right).

2. Materials and methods
2.1. Participants

Twenty-two healthy female participants (aged 24.95+2.30)
completed the study. Only females were recruited due to previously
reported gender differences regarding the neural basis of emotional
processing (32, 33) and emotion regulation (34, 35). The decision was
made as a compromise between the signal-to-noise ratio (related to
sample homogeneity) and generalizability of our findings.
Participants reported no history of mental or neurological disorders,
no current use of psychoactive medications, used German as the
dominant language, and had normal or corrected-to-normal vision.
All participants were fMRI compatible (no metal on or in the body,
not pregnant, not claustrophobic), provided written informed
consent and received monetary compensation for their participation.
The study was approved by the local ethics committee of the Klinikum
rechts der Isar at the Technical University of Munich and carried out
in accordance with the Declaration of Helsinki.

2.2. Experimental design and procedure

The study consisted of an experiment with two parts (see
Figure 1A). Both Part 1 (social presence during resting-state
functional MRI [rs-fMRI]; Figure 1A-left) and Part 2 (social
reappraisal task during fMRI; Figure 1 A-right) followed a within-
subjects design with two conditions each: social vs. non-social and
social reappraisal vs. social no-reappraisal, respectively. To be able
to explore the connection between social presence and social
reappraisal by the same psychotherapist, Part 2 was conducted
after the resting state scan of the social session in Part 1.
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FIGURE 1
Experimental design and hypotheses. (A) In Part 1 of the experiment, we recorded participants’ brain activity in two resting-state conditions, alone and
in the condition of perceived supportive presence of a psychotherapist. Part 2 involved a social reappraisal task with aversive pictures as negative
stimuli. (B) Hypothesis 1: We hypothesized that iFC of the anterior medial default mode network (aDMN) will be sensitive to the psychotherapist’s
presence (Hypothesis 1a) and that the effect will be related to general trust in psychotherapists (Hypothesis 1b). Hypothesis 2: We expected a positive
relationship between the social presence-induced iFC change during rest and brain activations within the social reappraisal activation network
(Hypothesis 2a). We further hypothesized a positive relationship between the social presence effect in the aDMN and social reappraisal success,
moderated by trust in psychotherapists (Hypothesis 2b).

2.2.1. Part 1: Social presence during rs-fMRI

In the social condition, participants were told that they will
be accompanied by a female psychotherapist during the whole
experiment. They were introduced to her (a fully trained and
practicing in-house psychotherapist) for the first time before
scanning: she introduced herself and told participants that she will
be in the adjacent room, able to see them, and talk to them via a
camera-microphone system during the experiment. In the
non-social condition, participants were informed that they will
perform the experiment alone. The two conditions were
conducted 1 week apart, with the condition order counterbalanced
across participants.

A standard procedure of rs-fMRI scanning was used, lasting
8 min. Participants were told to lie still with their eyes closed and
not fall asleep. Except of the in-person conversation with the
psychotherapist before scanning, participants had no further
contact with her during Part 1 of the experiment. A post-scanning
interview verified that all participants both believed that she was
present throughout scanning and stayed awake during the 8-min-
long scan.
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2.2.2. Part 2: Social reappraisal task during fMRI

In the social reappraisal task, aversive pictures (from the
International Affective Picture System, IAPS) were presented to
induce negative emotions (see Figure 1 A-right). The picture list can
be found in Supplementary material. Shortly before each stimulus, the
psychotherapist either actively regulated participants’ emotional
responses to the pictures (condition of “social reappraisal”) or
passively instructed participants to view the pictures (condition of
“social no-reappraisal”), as in a previous study (3). Participants
believed that the psychotherapist was instructing them live while
sitting in the adjacent room throughout the experiment. However,
pre-recorded videos of the psychotherapist were used, a different one
on every trial, with her wearing the same hairstyle and clothes as when
participants met her in person immediately prior to scanning. This
was chosen for both practical and experimental reasons to ensure that
stimuli were standardized across participants. In the social
no-reappraisal condition, she used statements such as “Please look at
the picture;” while in the social reappraisal condition, she asked
participants to follow her reappraisals of the negative pictures by using
statements such as “Remember, the pictures are not related to you,”
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“Keep in mind that the pictures are staged,” or “This is an experiment,

not reality” The list of sentences can be found in
Supplementary material. Participants confirmed in a post-scanning
interview that they engaged in the emotional task and followed the
psychotherapist’s guidance during the two conditions of social
reappraisal and social no-reappraisal.

The social reappraisal and social no-reappraisal conditions each
involved 80 trials, with the negative pictures presented on half of the
trials, with only the “picture present” trials having been analyzed for
the purpose of this publication. Every trial involved a unique video
clip of the psychotherapist and a unique negative picture. With regard
to the trial structure, the fixation cross (1s) and the psychotherapist’s
video instructions (6s) were followed by the anticipation phase (6s)
and aversive picture presentation (6s) (Figure 1 A-right). At the end of
each trial, participants rated their emotional feelings on a scale from
—3 (very negative) to 3 (very positive), which was set to 0 on each trial.
Participants responded with button presses, such that each press
moved the cursor by one place in the desired direction. To evaluate
the effectiveness of social reappraisal, social reappraisal success was
calculated as the difference in emotional ratings between the social

reappraisal and social no-reappraisal conditions.

2.2.3. Participants’ trust In psychotherapists

To check participants’ general belief in psychotherapists,
we administered a German interpersonal trust questionnaire
(“Inventar zur Erfassung interpersonellen Vertrauens”) (36) and
analyzed the subscale “Trust in Psychotherapists,” which includes the
following 3 items: “Psychotherapists have the ability to help people

»

find their way out of a mental crisis,” “You can fully rely on the
psychotherapists’ discretion,” and “Psychotherapists can offer great
support in severe crises.” Each item is answered based on a 5-point
Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
The range of participants’ trust in psychotherapists was 3-5
(mean=4.35, SD=0.53; for the distribution of values, see

Supplementary Figure 2).

2.3. fMRI acquisition and preprocessing

MRI was performed on a 3T MRI scanner (Verio, Siemens) using
an 8-channel phased array head coil. T1-weighted structural images
were acquired with the Magnetization-Prepared Rapid Acquisition
Gradient Echo (MPRAGE) sequence (TE=29.8 ms, TR=2,300ms, flip
angle =90°, acquisition matrix = 240 x 256, voxel size=1x1x 1 mm?).
T2*-weighted functional images were acquired with Echo-Planar
Imaging (EPI) pulse sequence (TE=30ms, TR=2,000ms, flip
angle =90°, acquisition matrix =64 x 64, 35 slices, each 3mm thick,
with a gap of 0.6 mm, and in-plane resolution =3 x 3 mm).

Data analysis was carried out with SPM12 and SPM8 (Wellcome
Trust, United Kingdom;
Preprocessing included the removal of the first two volumes of each

London, www.filion.ucl.ac.uk/spm/).
condition, head motion correction, spatial normalization, and
smoothing, with the additional step of slice-timing for task fMRI data.
Using rigid body transformation, realignment of functional images to
the first functional image of the first scanning session was performed.
For normalization, the T1 image was segmented into gray and white
matter and cerebrospinal fluid and transformed into the MNI system
template. The normalization parameters were used to transform the
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functional images into the MNI space. Normalized functional images
were smoothed with a Gaussian kernel (FWHM =8 mm). While all 22
participants were used to answer hypotheses 1a, 1b, and 2b, 2 participants
were excluded from task fMRI analysis for hypothesis 2a due to excessive
movement (point-to-point translation >3 mm and/or rotation >3°).

2.4. Outcome measures and statistical
hypothesis testing

2.4.1. Testing hypothesis 1a: Rs-fMRI analysis

Preprocessed resting-state fMRI data of both social and non-social
conditions were entered into a two-step principal component analysis
(PCA), followed by a group-independent component analysis (ICA),
as implemented in the GIFT toolbox,' to decompose spatially
independent components using the Infomax algorithm. First, PCA
was done for each participant, which retained 100 principal
components. The reduced data of each participant were then
temporally concatenated to perform the second PCA on the group
level. Seventy five independent components were estimated and
depicted as spatial maps, together with 75 corresponding time series
reflecting the dynamic activities of independent components. To
obtain robust ICA results, 100 iterations of the ICA were carried out
by using the ICASSO toolbox.> The ICASSO index (ranging from 0 to
1) was evaluated to ensure the stability of estimated components.
Finally, the group ICA results were back-reconstructed for each
subject space by using the GICA3 back-reconstruction approach. Each
back-reconstructed component consisted of a spatial intensity map
reflecting component’s functional connectivity pattern across space,
and an associated time-course reflecting component’s activity across
time (37). Spatial intensity maps were used as surrogates of networks’
iFC and analyzed further.

High-model-order ICA approaches (75 components) yield
independent components that are in accordance with known
anatomical and functional segmentations (38, 39). In a high-model-
order ICA approach, intrinsic brain networks, such as the DMN, are
usually fragmented into several sub-networks (37). To select the
independent components that reflected the aDMN and to objectively
identify the entire DMN, we conducted multiple spatial regressions
on 75 independent components’ spatial maps using templates of 4
intrinsic connectivity networks representing DMN sub-networks,
which were defined by the same methodological approach in a prior
study (i.e., the ICs 25, 68, 53, 50, presented in figure 4 in (37)). These
templates were generated based on 603 healthy adolescents and
adults and were made available online by the Medical Image Analysis
Lab.? For each DMN sub-network, the independent component with
the largest correlation coefficient was chosen, resulting in: IC 7 as the
aDMN (i.e., our network of interest), IC 35 as the anterior-lateral
DMN, IC 40 as the posterior DMN, and IC 24 as the posterior
superior DMN (see Supplementary Figure 1). Each of the selected ICs
exhibited the highest spatial correlation with their corresponding
template, and had a reliable ICASSO score (>0.95). To statistically
evaluate the spatial map of our selected independent component IC

1 https://trendscenter.org/software/#gica/
2 http://research.ics.aalto fi/ica/icasso/
3 https://trendscenter.org/data/
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7, we carried out a voxel-wise one-sample ¢-test on participants’ back-
reconstructed spatial intensity-maps for social and non-social
conditions together, with a voxel-wise family-wise error (FWE)
correction of p<0.05.

To investigate the social presence effect in the aDMN (Hypothesis
1), the one-sample t-test result was used as a mask to restrict the
search space, and a paired t-test was carried out for the aDMN
component. Both contrasts (social > non-social and social <
non-social) were examined. The resulting maps were thresholded at a
cluster-wise threshold of p <0.05, FWE-corrected, based on a height
threshold of p<0.005 (with the extent threshold of 47 voxels).

2.4.2. Testing hypothesis 1b: Linking iFC change
and trust in psychotherapists

To determine whether the supportive presence-related iFC change
in the aDMN was related to participant’s trust in psychotherapists,
we tested the correlation between the social presence effect and the trust
scores, using SPSS Statistics (Version 26; IBM, Armonk, United States).
We extracted and calculated the change of iFC in the social presence-
sensitive DMN area (i.e., the significant cluster identified by the contrast
social > non-social in the resting-state fMRI data) for each participant.
We then tested the Kendall’s tau coeflicient representing the relationship
between the iFC difference values and trust in psychotherapist scores,
across participants, using the significance level of p <0.05. Kendall’s tau
was used instead of Pearson’s r due to its robustness against potential
outliers and non-normality (40).

2.4.3. Testing hypothesis 2a: Linking iFC change
and social reappraisal-related brain activation

To examine the relationship between the resting-state social
presence effect and social reappraisal-related brain activation within
the social reappraisal activation network (Hypothesis 2a), we tested a
correlation between the social presence-induced iFC change in the
dACC within the aDMN and the social reappraisal-related activation
changes of the social reappraisal activation network. The social
reappraisal network was derived from a paired t-test contrasting social
reappraisal > social no-reappraisal conditions, centered on the time
window of negative IAPS picture presentation (3). We used a whole-
brain correction, FWE-corrected (p <0.05) at the cluster level, based
on a height threshold of p<0.005 (with the extent threshold of
174 voxels).

SPSS Statistics was then used for the correlation analysis.
We examined the correlation between the social presence-induced iFC
difference values and the social reappraisal-related activation changes
in each of the clusters, across participants, using Kendall’s coefficient
tau and the significance level of p <0.05. Kendall’s tau was used instead
of the conventional Pearson’s correlation, because it is robust against
potential outliers and non-normal data (40).

2.4.4. Testing hypothesis 2b: Moderation analysis
To evaluate the behavioral relevance of the resting-state social
presence effect for social reappraisal (Hypothesis 2b), we tested a
moderated association between the social presence-related resting-
state effect in the aDMN (X) and social reappraisal success (Y), with
participants’ trust in psychotherapists used as the moderator (W).
Social reappraisal success was calculated as the difference in emotional
ratings (gathered at the end of every trial) between the social
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reappraisal and the social no-reappraisal conditions. We performed a
moderation analysis in the form of multiple regression in SPSS
Statistics, using the PROCESS macro (41). We specifically examined
the moderation model as a whole, the amount of added variance by
the interaction term (X*W), as well as zones of significance for the
relationship between X (iFC change) and Y (social reappraisal success)
depending on the moderator (trust in psychotherapists), using the
Johnson-Neyman technique (41, 42).

2.5. Control experiment on an independent
sample

To complement the main experiment and specifically further test
the main manipulation of supportive social presence, a control
resting-state experiment was additionally carried out on an
independent sample of 23 healthy female participants. The aim of this
experiment was to test whether the mere presence of another female
would be enough to cause a change in iFC of the aDMN during rest.
In this experiment, participants were either alone or accompanied by
an unfamiliar female experimenter (one out of 4, randomly assigned)
who sat beside them in the scanner room during the resting-state
scan. The female experimenter had no supportive role and no
normative title (such as “psychotherapist”). Participants were told
that she had to be in the room throughout the scanning procedure
due to a problem with the communication system. The same analysis
routine was applied to assess the contrast of “simple” social presence
vs. alone on the iFC of the aDMN. In short, from a group ICA,
we identified the aDMN which exhibited highest spatial correlation
(r=0.42) with the established template of the aDMN (37) and a
decent ICCASO score (>0.95). We additionally checked that the
network indeed contained both MPFC and ACC, as expected. A
paired t-test was employed to compare the iFC between the social
and nonsocial conditions within the aDMN network, in both
directions. The resulting maps were thresholded at a cluster-wise
threshold of p<0.05, FWE-corrected (based on a height threshold
of p<0.005).

3. Results

3.1. Psychotherapist’s presence enhanced
iFC of the dACC within the aDMN

We first investigated the effect of perceived psychotherapist’s
presence on the ongoing brain activity at rest, specifically iFC of the
aDMN. ADMN was defined by a group ICA of resting-state fMRI data
of 22 healthy female participants, acquired in two conditions: social
(i.e., participants believed they were accompanied by a female
psychotherapist sitting in a scanner-adjacent room and were
connected with her via a camera-microphone system) and non-social
(i.e., participants believed they were alone). IFC changes due to social
presence were assessed by the contrast social versus non-social (in
both directions), using paired t-tests. The contrast social > non-social
exhibited an increased iFC of dACC (peak at -3, 23, 37], cluster size
k=48, p<0.05, FWE-corrected) within the aDMN (see Figure 2A;
Supplementary Table 1).
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FIGURE 2

Psychotherapist’s presence enhanced iFC of dACC within the aDMN and was linked to trust in psychotherapists. (A) The contrast social > non-social
exhibited an increased iFC of dACC (cyan; peak at [-3, 23, 37]) within the aDMN (orange). (B) This increase was positively correlated with participants’
general trust in psychotherapists (Kendall's tau=0.442, p=0.005).

To control for a possible anxiety-related confound—the possibility
that changes in anxiety levels across the two experimental conditions
might have (partly) caused the iFC change (53, 54)—participants’
anxiety levels were tested on a scale from 0 to 100 (0=no anxiety;
100 =maximal anxiety) immediately prior to each of the two resting-
state fMRI scans. Firstly, there was no significant difference in anxiety
scores (paired t-test, t,; =—0.72, p=0.48) between the social (M =7.68,
SD=15.08) and the non-social condition (M=9.77, SD=14.35),
suggesting that participants had comparable subjective levels of
anxiety in both conditions. Secondly, we found no correlation between
the degree of iFC change and differences in participants’ subjective
anxiety levels across conditions (r=0.09, p=0.686). To further verify
that the social presence effect was specific to the aDMN, the other
three DMN sub-networks (i.e., anterior lateral DMN, posterior DMN
and posterior dorsomedial DMN) were also tested. We observed no
significant iFC change between the two conditions in any of the other
three DMN sub-networks. Furthermore, no significant result was
found for the contrast non-social > social in the aDMN, even at a
liberal threshold (p <0.001, uncorrected). Overall, results demonstrate

Frontiers in Psychiatry

that social presence was specifically associated with increased iFC of
the dACC within the anterior medial DMN.

3.2. The social presence-related iFC effect
was associated with participants’ trust in
psychotherapists

To examine whether the social presence effect in the dACC was
related to participants prior belief in psychotherapists’
trustworthiness, we correlated iFC changes in the dACC with
participants’ general trust in psychotherapists. We found that social
presence-related increase of dACC iFC within the aDMN was
positively correlated with participants’ trust in psychotherapists
(Kendall’s tau=0.442, p=0.005; Figure 2B). This demonstrates that
those participants who, in general, trusted psychotherapists more
(i.e., believed to a higher extent that psychotherapists are reliable and
supportive), displayed a stronger neural sensitivity to social presence
in the aDMN during rest.
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FIGURE 3
The social presence-related effect in the aDMN was linked to social reappraisal-related brain activations. (A) The social reappraisal network was derived
from the contrast social reappraisal > social no-reappraisal during negative picture viewing of the social reappraisal task, whole-brain FWE-corrected
(p<0.05) at the cluster levels, based on a height threshold of 0.005. (B) The social presence-related change in the dACC was correlated with the social
reappraisal-related activation changes in the DLPFC/DMPFC (Kendall's tau=0.368, p=0.012) and right TPJ (Kendall's tau=0.274, p=0.046).

3.3. The social presence-related iFC
change in the dACC was linked with the
social reappraisal-related activation
increases in the DMPFC/DLPFC and right
TPJ

To test the link between the effect of social presence on aDMN
and social reappraisal during negative emotions, we examined the
relationship between the social presence effect and both social
reappraisal-related brain activation and social reappraisal
effectiveness. The first association gives us hints about the neural
mechanism behind the effect of social presence on social
reappraisal and the second association tests the functional
outcome of social presence DMN effect. To first test the
relationship between the social presence effect in the aDMN and
the social reappraisal activation network (Hypothesis 2a),
we identified the social reappraisal network. The contrast social
reappraisal > social no-reappraisal revealed 5 significant clusters:
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the frontal cluster, covering bilateral dorsomedial prefrontal
cortex (DMPFC) and dorsolateral prefrontal cortex (DLPFC)
regions, left and right TP]J clusters, the precuneus cluster, and a
left cerebellum cluster (see Figure 3A; Supplementary Table 2). We
then examined the relationship between the social presence-
sensitive JACC within the aDMN and the five cluster of the social
reappraisal activation network. We found a significant positive
correlation between the iFC difference values and the social
reappraisal-related activation changes in the bilateral DMPFC/
DLPFC cluster (Kendall’s tau =0.368, p=0.012) and the right TPJ
cluster, across participants (Kendall’s tau=0.274, p =0.046; see
Figure 3B). Results thus show a positive relationship between the
social presence and the social reappraisal effects at the neural
level, such that the stronger the change in the dACC connectivity
within aDMN during rest while in the presence of the
psychotherapist, the stronger the activation increase in the social
reappraisal activation network - specifically in the bilateral
DMPEC, DLPFC, and right TPJ.
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3.4. The social presence-induced iFC
change was linked to the success of social
reappraisal, moderated by trust in
psychotherapists

To evaluate the relevance of the resting-state social presence effect
for social reappraisal success, we tested a moderated association
between the social presence-related resting-state effect in the dACC
within the aDMN (X) and social reappraisal success (Y), with
participants’ trust in psychotherapists used as the mediator (W) (see
Figure 4). We found that the moderation model as a whole explained
a significant amount of variance in social reappraisal success
(R?=0.496, F (3,18) =5.896, p=0.006). We further observed that the
interaction term (X*W), representing the moderated effect, accounted
for a significant proportion of the variance in social reappraisal success
(AR?=0.266, F (1,18)=9.474, p=0.007; see Figure 4). Results
demonstrated that the relationship between the iFC change in dACC
during rest and social reappraisal success was indeed moderated by
participants’ general trust in psychotherapists.

The Johnson-Neyman technique identified a single zone of
significance at the lower end of the trust scores: there was a positive
relationship between the social presence-induced iFC change in the
dACC and social reappraisal success, which remained significant until
the trust score of 4.18 (36th percentile; b=4.307, t (36)=2.101,
p=0.05), but was no longer significant for the highest trust levels
(between 4.18 and 5).

3.5. Control experiment results: No effect
for social presence of stranger

To further test the main manipulation of supportive social
presence, an additional resting-state experiment was conducted on an

10.3389/fpsyt.2023.1128916

independent sample of 23 participants, to test whether the findings of
the main experiment were indeed due to the supportive presence of a
psychotherapist and not the mere presence of a person. When
participants were accompanied by an unfamiliar female experimenter,
a paired t-test on the iFC of the aDMN showed no significant
activations for the contrast social > non-social, as well as the reverse
contrast of non-social > social.

4. Discussion

The current study investigated the impact of social presence-
related changes within the brain’s DMN on neural and behavioral
correlates of social reappraisal. We firstly examined whether the
presence of a psychotherapist will induce changes in the aDMN
functional connectivity during rest and secondly asked whether
these changes might influence social reappraisal-related brain
activations and social reappraisal success during negative emotions.
In the first part of the experiment, resting-state functional
connectivity of infra-slow BOLD fluctuations was examined in (a)
the social condition, in which participants believed they were
accompanied by a psychotherapist, and (b) the non-social
condition, which they underwent alone. The second part of the
experiment, in contrast, involved two task conditions: social
reappraisal, during which the psychotherapist actively helped
participants to regulate their evoked negative emotions, and social
no-reappraisal, during which she told participants to attend to the
emotional stimuli and respond naturally. The findings reveal, for the
first time, that social presence—a salient social cue—can produce
significant changes in the resting human brain. Results further
demonstrate that our brain’s sensitivity to another person during
rest can influence, depending on trust, both neural activations and
the effectiveness of social emotion regulation.

iFC CHANGE IN dACC (WITHIN =

W: TRUST IN
PSYCHOTHERAPISTS

) RELATES TO SOCIAL REAPPRAISAL SUCCESS,
MODERATED BY TRUST IN PSYCHOTHERAPISTS

Overall model:  R%=.496, p =.006

FIGURE 4

AR?=0.266, p=0.007).

How do X*W interaction: AR? = .266, p = .007
\4 p | You feel?
-3 l 3
X: iFC CHANGE Y: SOCIAL
IN dACC (within ) REAPPRAISAL SUCCESS

Social reappraisal effectiveness was related to the social presence-related change in the aDMN, moderated by trust in psychotherapists. The iFC
change in dACC within the aDMN was related to social reappraisal success (calculated as the difference in emotional ratings between the social
reappraisal and the social no-reappraisal conditions), moderated by trust in psychotherapists (overall model: R?=496, p=0.006; X*W interaction:
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4.1. Psychotherapist’s presence and the
aDMN

4.1.1. Psychotherapist's presence enhanced iFC
of the dACC within the aDMN

Confirming hypothesis 1a, social presence increased iFC, the
correlations between spontaneous fluctuations of the BOLD signal at
rest (Figure 3A). Even though iFC is generally seen as a stable marker,
mapping the brains functional organization (10, 11, 43), studies have
shown that iFC shows changes after cognitive training (12, 44, 45), as
well as across time and mental states within an individual (10, 13, 46).
DMN connectivity, specifically, can be modulated by external input,
such as spoken narratives (6, 14). In agreement with these studies yet
distinct from previous findings, our data demonstrated that the brain’s
iFC was changed by the supportive social presence of a trustworthy
other. Our results showed that a brief priming of social presence led
to a significant change in ongoing brain activity, consistent with a
recent observation that hand holding by a supportive other modulated
the brain activity during rest intervals of an emotional stimulation task
(24). Interestingly, our data indicate that primed social presence could
induce changes in ongoing brain activity even in the absence of
physical connection, similar to what had previously been observed in
studies on spousal support by means of photographs (47, 48).
We speculate that the social presence scenario might have primed
socially oriented thoughts in the form of a “social cognitive map” (18,
49) in which the self and presented figure become connected.
Unconstraint thoughts would shape the spontaneous introspective
processes during a “free thinking” state, which ultimately determined
a unique brain state at rest, relative to being alone. This is compatible
with the Social Baseline Theory, which suggests that the human brain
is by default adapted by the availability of social resources and that
proximity to supportive others should thus represent a fundamentally
different brain state, since being alone represents comparatively more
challenges for the individual’s brain (50, 51). This does not, however,
indicate that the difference between conditions was driven by increases
in anxiety during the alone condition, as the iFC change was not
related to participants’ anxiety levels, ruling out stress-related
explanations of the brain activity’s modulation (52, 53).

Considering the main manipulation of our study—supportive
presence versus alone, an alternative interpretation of our finding
could be that the mere presence of a person (any person) can induce
changes in the brain’s iFC. To address this, a control experiment was
carried out, on an independent sample, in which participants were
either alone or accompanied by an unfamiliar female experimenter,
without an explicit supportive role and without a supportive/
trustworthy normative title (e.g., “psychotherapist”). The presence of
the stranger was as neutral as possible—they were also female, and
accompanying the participant in the scanner room due to a “faulty
communication system.” Results confirmed that the mere presence of
a person, an unthreatening stranger, was not sufficient to induce
changes in iFC of the aDMN during rest. This supports the main
interpretation of the current study, namely that a supportive presence
of a trustworthy other can cause changes in intrinsic brain connectivity.

Regarding the effect’s spatial extent, we confirmed that social
presence increased iFC within the aDMN (see Figure 3A). On the
whole, the DMN is seen as an integrator of external inputs and
intrinsic information that, as such, supports our social lives and
social interactions (6). The DMN is also interpreted as a neural
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system for random episodic thoughts about the self and others (4, 5,
55), with aDMN thought to be preferentially involved in socially
oriented thoughts (56-58). A large body of literature indeed reports
that the key regions of the aDMN, including the MPFC, OFC, and
ACC, are frequently engaged in a range of social cognitive processes,
from mentalization and perspective taking to empathy (19, 59, 60).
Furthermore, increased activation of the MPFC and ventromedial
PFC (VMPFC) has been observed when participants viewed photos
of their partner during a stressful situation (48, 61), while
we previously observed a reduction of activity in anterior DMN areas
(VMPFC, OFC and ACC) during the perceived supportive presence
of a psychotherapist during negative emotions (62). Consistently, our
data showed that the aDMN was indeed susceptible to the sense of
being with a supportive other during rest, primed through a brief
social scenario.

In the present study, the change of iFC within the aDMN was
centered on the dACC, which showed increased iFC with other
regions of the aDMN during social presence. As well as to the
affective component of physical pain (63, 64), dACC responds to
social exclusion and lack/absence of social support (22, 23, 62, 65).
Even without direct negative stimulation (during resting periods),
voxels in the dACC were previously shown to respond with higher
response magnitudes while alone compared to holding a friend’s
hand (24), coinciding with our result. Among other proposed
functions, dACC is seen as the key region for mental representations
of another’s yet unknown actions, such as anticipating another’s
intentions or state of mind and incorporating them into one’s actions
during a mutual interaction (19, 66). A recent animal study found
that the neurons in the monkey’s dACC selectively encoded another
monkey’s unknown decision in a prisoner’s dilemma game, and
disruption of the dACC biased mutually beneficial interactions
between the monkeys (66). Accordingly, in the present study, the
sensitivity of the dACC to social presence may reflect a similar mental
process in which participants were aware of the psychotherapist’s
presence in a shared context even during the resting state. In
accordance, previous human studies have provided evidence for the
essential role of the dACC in both encoding social interest and
enacting interactive behavior in social interactions. For example, the
activation of the ACC (including the dorsal part) tracked the weight
of interest assigned to another social agent but not that assigned to
comparable nonsocial variables (67). Similarly, the medial bank of
middle cingulate regions (covering the dACC) was involved in social
exchange, and this activation only occurred in the presence of a
responsive social partner (68). Finally, iFC between ACC (including
dACC) and other typical social brain regions (e.g., DMPFC and
superior temporal sulcus) increased with social group size in humans
(57, 69). Our data confirm this and further suggest that the sense of
being accompanied by the psychotherapist induced by a simple
scenario is a powerful trigger to foster a social connection to another
and motivate us to interact with them.

4.1.2. The social presence-related iFC effect was
associated with participants’ trust in
psychotherapists

In line with hypothesis 1b, data showed that the iFC change was
associated with participants’ trust in psychotherapists, such that
participants who trusted psychotherapists more displayed a stronger
neural sensitivity to social presence (Figure 3B). Interpersonal trust
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in psychotherapists reflects the extent to which participants believe
that psychotherapists are reliable and supportive when needed in
general (36). Interpersonal trust is critical for determining how
people respond to interpersonal events and behave in social contexts.
For instance, individuals with high (vs. low) interpersonal trust are
more likely to be engaged in social interaction and sustain benevolent
intentions when they encounter uncertainty (70). Furthermore,
previous behavioral studies found generalized interpersonal trust to
be associated with help-seeking behaviors and the amounts of
received support (71, 72). In line with this, our finding suggests that
participants’ appraisal of the presented figure plays a key role in the
social presence effect, indicating that the level of general trust in
psychotherapists relates to the level of positive influence a specific
psychotherapist will have on an individual. Importantly, our data
suggest that trust might play an important role in social regulation by
previously unknown individuals with professional or trustworthy
labels (e.g., “psychotherapist”), which would be worth replicating and
investigating further. In a general sense, however, the result is in line
with studies showing that the relationship with the regulator (both
the type of relationship and the quality of the relationship) largely
affects the success of social emotion or pain regulation (15, 16).

4.2. Psychotherapist's presence, aDMN, and
social reappraisal

4.2.1. The social presence-induced iFC change was
linked with the social reappraisal-related brain
activations

In the current study, social reappraisal-related activation
increases within the social reappraisal activation network, specifically
bilateral DMPFC/DLPFC and right TPJ, were positively related to the
social presence-related iFC change in the dACC, confirming
hypothesis 2a (Figure 2B). Focusing on the neural level, this
relationship augments the link between social presence and social
reappraisal effects, such that the stronger the change in dACC due to
the psychotherapist’s presence, the stronger the social reappraisal-
related activations in the DMPFC/DLPFC and right TP]. This is in
line with a recent study where the reappraisal of negative images was
stronger when initiated by a close friend compared to a stranger or
participants themselves (31). Results highlight, to our knowledge for
the first time, a positive link between the two social regulation
processes, social presence and social reappraisal, as changes in the
dACC due to supportive psychotherapists presence and changes in
the frontal cortex and the right TP]J due to social reappraisal by the
same psychotherapist were positively correlated.

4.2.2. The social presence-induced iFC change was
linked to the success of social reappraisal,
moderated by trust in psychotherapists

As was anticipated by hypothesis 2b, the social presence-induced
iFC change in the dACC within the aDMN was positively related to
social reappraisal success, with trust in psychotherapists acting as a
moderator (Figure 4). After examining the interaction with the
of the
psychotherapist during resting state on social reappraisal success

Johnson-Neyman technique, the positive impact
remained significant for trust scores up to 4.18. We propose that

those participants who trusted psychotherapists less in general
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approached the study, the specific psychotherapist, and the social
regulation with more uncertainty and were thus more influenced by
the unfolding of events, especially the personal meeting with the
therapist and the resting state scan. In the event that they were less
susceptible to her presence during the resting state scan, they (on
average) also showed less susceptibility to her social reappraisal of
participant’s negative emotions. In the case that they were influenced
by her presence during the resting state scan, the psychotherapist was
also more able to regulate their negative emotions in the second part
that trusted
psychotherapists to a very high extent (i.e., had a score of 4.2 or

of the experiment. In contrast, participants
higher out of 5) were seemingly not constrained by the impression of
this specific therapist in relation to her effectiveness in regulating
their emotions. Importantly, this is not to be interpreted as a lack of
relationship between trust in psychotherapists and social reappraisal
success. In fact, the more participants trusted psychotherapists in
general, the higher the social reappraisal effectiveness (Kendall’s
tau=0.346, p=0.017). The result might in contrast point to a crucial
distinction between general trust in psychotherapists and trust in a
specific psychotherapist. General trust in psychotherapists separately
enhanced both the resting state effect of the psychotherapists
presence and the effect of social reappraisal. However, with regard to
the influence of resting state effect on the social reappraisal
effectiveness of the same psychotherapist, the crucial parameter to
enhance this connection might be trust in the specific psychotherapist.
To test this hypothesis, future similar studies should measure both
types of trust.

4.3. Implications for psychotherapy and
affective disorders

Results of the study have important implications for everyday
interpersonal relationships, pointing to a possible interdependence
of two social processes, social presence and social reappraisal.
However, the findings are especially relevant for the therapist-client
relationship within the context of psychotherapy, which focuses on
interaction-focused interventions and often involves some form of
social reappraisal (73-75). Our findings suggest that there are at least
two key factors that might influence the success of deliberate
cognitive social emotion regulation by the psychotherapist, likely also
important for the success of the therapy in general. The first factor is
general trust in psychotherapists, which points to the significance of
increasing trust in psychotherapists in the general population. The
second factor is supportive social presence. Especially for those
clients or patients that do not generally trust psychotherapists, it is
crucial to consider their susceptibility or awareness of being
accompanied and cared for by the specific psychotherapist, as it
might influence the therapeutic success. Future studies could
investigate how long-term the effect is and which intervention (e.g.,
raising trust within the relationship, intensifying the initial
therapeutic stage to build the connection) might be most successful.

It is both interesting and relevant to also consider the current
findings in relation to affective disorders, including depression and
anxiety. On the one hand, emotion dysregulation plays a central role
in these disorders (74, 76, 77), while on the other hand, affective
disorders have been characterized by altered neural functioning of
the default mode network (78, 79). As such, improving negative
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emotion regulation and reactivity is crucial for the success of
psychotherapy (80), yet the involvement of the default mode network
in both supportive social presence and social reappraisal might make
it more difficult or even unlikely for patients with affective disorders
to benefit from the two social regulation strategies. Further studies
could examine the link between default mode network impairment
and receptiveness of social regulation, as well as the possible lack of
the relationship between social presence and social reappraisal in
individuals with affective disorders.

44. Limitations

The current study’s results should be interpreted with some
reservations. Firstly, as the first examination of the relationship
between social presence and social reappraisal, the study included a
moderate sample and followed a non-preregistered hypothesis-driven
approach. We additionally only recruited females, as a compromise
between the signal-to-noise ratio (related to sample homogeneity)
and generalizability of our findings. The decision was made in light
of reported gender differences in the neural substrates of emotional
processing (32, 33) and emotion regulation (34, 35). Based on
existing research only focusing on intrapersonal emotion regulation,
itis not clear whether male participants would show a different effect
in the aDMN in response to supportive psychotherapists presence or
her regulation of negative emotional responses, both in terms of
strength and location. Another interesting question relates to the
gender of the regulator. Further studies are needed, characterizing
gender differences in social support and social reappraisal, both in
relation to the regulator and the target person. It is also worth noting
that recruitment within the medical faculty resulted in an
overrepresentation of medicine students in the sample, which likely
resulted in the high average trust in psychotherapists score reported
in the study. In terms of sample size, it is crucial to note that smaller
sample sizes are related to less statistical power, which generally
represents an important problem within the neuroimaging
community, as strict multiple comparison correction standards also
greatly reduce power in many imaging experiments (81, 82).
Nevertheless, power and interpretability can also be increased by
robust specific hypotheses combined with a within-subjects design,
many trial repetitions, and a ROI-based approach, which have all
been considered and followed in the current study (82). Further
studies that would replicate the findings in a larger, more diverse,
sample are greatly encouraged. Similarly, future investigations could
use a real-life social interaction, as well as more naturalistic emotional
stimuli, increasing the ability to generalize results to everyday social
interactions. Even though the current study is one of the few enlisting
the help of a psychotherapist as the regulator, it would be very
interesting to investigate the found effects in a wider setting and test
in what way the psychotherapist’s presence and reappraisal differ
from the social regulation by a partner or a complete stranger
(without a normative title). Finally, due to the resting state design,
we did not obtain emotional ratings during social presence, and only
obtained momentary ratings of general emotional valence during
social reappraisal. It would be highly interesting to more thoroughly
investigate the underlying processes of social presence and social
reappraisal, especially pertaining to the brain-behavior link.
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5. Conclusion

The present study demonstrated, for the first time, that social
presence can alter ongoing brain activity during rest and that this
change is linked to both social reappraisal-related brain activations and
social reappraisal success. Firstly, our findings highlight that the brain
structure of dACC and its functionally related areas in the aDMN are
associated with the baseline social presence effect. Secondly, our
findings highlight a positive association between two social processes:
the supportive social presence, centered on the aDMN, and the social
reappraisal of negative emotions, specifically (a) social reappraisal-
related activations in the bilateral DMPFC/DLPFC and right TPJ and
(b) behavioral effectiveness of social reappraisal, moderated by trust in
psychotherapists. The findings have important implications for
understanding the functional roles of aDMN and TPJ in social
cognition, and for investigating the impact of social functioning in
relevant psychopathological conditions. Last but not least, they also call
for a careful control of context in resting state imaging studies.
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