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Abstract: This study represents a follow-up event-related potential (ERP) analysis of a prior inves-
tigation. The previous results showed that participants had most negative-tending ERPs in the
mid-frontal brain region during exposure to neutral emotion pictures (compared to negative and
positive pictures) while being accompanied by a significant other person (social presence condition).
The present analysis aimed at investigating potential sex differences related to this phenomenon.
Female and male participants’ brain activity data from the previous study were analyzed separately
for one representative mid-frontal electrode location selected on the basis of having the highest
significance level. As a result, only female participants showed significantly more negative-tending
potentials in response to neutral pictures, compared to both other emotion categories (positive and
negative) in the social presence condition. This was not found in male participants. The respective
ERP effect was most dominant at 838 ms post stimulus onset, which is slightly later than the effect
found in the prior study. However, this result is interpreted as evidence that the general effect
from the prior study can be understood as a largely female phenomenon. In line with the prior
study, the present results are interpreted as a predominantly female activation in the mid-frontal
brain region in response to neutral picture stimuli while being accompanied by a significant other
person (social presence condition). Although only speculative, this would align with previous studies
demonstrating sex-related hormonal and structural differences in the anterior cingulate cortex (ACC).
In general, ACC activation has been associated with an integrative weighting function in ambiguous
social settings, which makes sense given the ambiguous nature of neutral pictures in combination
with a social presence condition.

Keywords: electroencephalography; EEG; social presence; anterior cingulate cortex; ACC; sex-
determined activation; sex differences; female; male; women; men; sex; gender; social neuroscience

1. Introduction

Although the existence of sex-related differences in the brain appears to have reached
scientific consensus, many neural dissimilarities remain controversial [1,2]. This is highly
obvious with the conflicting nature of theories on sex-dependent brain activation in emotion-
related tasks, particularly. Sex-dependent brain activation differences in emotion-related
processing are generally indicated to be complex and region-specific, and their neural
circuits and resulting affective and cognitive implications have not yet been fully iden-
tified [3]. In the following, a selection of neurophysiological findings including distinct
neuroanatomical structures are highlighted. While processing social affective stimuli, males
showed greater activation in the right medial frontal gyrus, the left fusiform gyrus, the
right parahippocampal gyrus, and the amygdala [4]. Females exhibited heightened neural
activity in the right subcallosal gyrus. Similar studies found males to display heightened
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activity in the inferior frontal gyrus, the right paracingulate gyrus, the right insula, and the
left thalamus, as well as again in the right medial frontal gyrus, the fusiform gyrus, and
the amygdala [5–7]. Furthermore, males demonstrated greater left posterior cingulate and
right inferior temporal gyrus activity while viewing positive social videos. Negative social
videos elicited higher activation in the left middle temporal region in males compared
to females. In response to positive affective pictures, males demonstrated higher right
hemispheric activity in the ACC, the medial frontal gyrus, the superior frontal gyrus, and
the superior temporal gyrus than females. No such differences were found while process-
ing negative affective pictures [8]. The majority of all those prior studies used functional
Magnet Resonance Imaging (fMRI) to measure brain activation. A meta-analysis found
that across such brain imaging studies, sex differences were mainly reported in relation
to positive and/or negative emotion stimuli [9], but not to neutral pictures. Interestingly,
the authors of this meta-analysis indeed reported only effects found as a result of utilizing
fMRI or positron emission tomography (PET). Only a few other studies on sex differences
have used actual neurophysiological methods such as electroencephalography (EEG) and
magnetencephalography (MEG) (e.g., [10,11]), which are both well known for their ex-
cellent temporal resolution. Given the relatively high speed of information processing in
the brain, functional differences between females and males might be short (fractions of a
second), which makes those methods particularly interesting. For instance, brain amplitude
differences have been reported about females showing significantly higher N1 (negativity
at around 100 ms post stimulus) and N2 (negativity at around 200 ms post stimulus) am-
plitudes compared to males when exposed to negative stimuli [12]. Further EEG studies
found a significantly longer latency and higher amplitude of the P450 ERP component [13],
as well as a heightened N2 ERP component with a greater activity of the fusiform face area
(FFA) and the extrastriate body areas (EBA) to reflect sex differences [14]. The respective
results were interpreted as reflecting the higher attention of female participants towards
social stimuli, which may reflect a female privilege in the automatic processing of social
stimuli in principle [15]. This is supported by enhanced female brain activation in response
to social affective stimuli in general [16–18].

This lack of consistency in current findings on sex-related brain functioning, as de-
picted above, reveals the necessity for more naturalistic experiments, which should target
specific aspects of sex differences in brain activation, especially in relation to social con-
structs. Naturalistic experiments thereby refer to experimental conditions, which include
stimuli and situations of ‘natural’ human life as accurately as possible. As human brain
structures have evolutionarily evolved to detect and react to social, economic, and survival-
related stimuli, it may be assumed that cues not associated with such essential decisions
require less attention. Consequently, insignificant situations may elicit less brain activity.
Most of the experiments underlying the conflicting findings on neurophysiological sex
differences in emotion-related processing made use of virtual affective and social stim-
uli [3–10]. The insignificance of such cues for individual survival-related choices likely
influenced the ambiguous nature of the results. This is because un-naturalistic experimental
conditions (i.e., virtual affective stimuli) solely represent tiny fractions of naturalistic situa-
tions (i.e., complex social situation) and may therefore only partially recruit the relevant
neural circuits.

Naturalistic experimental variables, in contrast, seem to have the potential to recruit
relevant brain mechanisms more accurately [19,20]. Acute stress, as an example of a natu-
ralistic stimulus, impacts emotion-related perception for males and females in the opposite
direction. Women displayed enhanced functional connectivity in the amygdala and be-
tween the insula and the FFA for both, the control, and the stress condition. The broader
brain circuitry involved was only revealed through the inclusion of naturalistic indepen-
dent variable, namely acute stress. Crucially, ERP findings of this preceding study [20]
revealed that the mid-frontal brain region (most likely ACC-related) shows greater activ-
ity levels during exposure to neutral pictures when participants were accompanied by a
significant other person (i.e., a social presence condition), which can be understood as a
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highly relevant real-life and thus naturalistic social condition. The authors concluded that
their social presence condition altered the processing of neutral pictures, because of their
ambiguous nature, which led participants to evaluate neutral stimuli more carefully as
mistakes made in front of others are more costly than when made alone [20]. However, this
study did not aim to investigate any potential sex-differences, which now became the main
focus of the present re-analysis of the data from the prior study.

The combination of neutral pictures being processed differently during actual social
presence with the notion that naturalistic stimuli such as actual social presence might
specifically lead to sex-dependent brain activity differences formed the basis for the present
study. Thus, the present study aimed at investigating whether social presence alters cortical
activation in response to neutral picture processing differently for females and males.

2. Materials and Methods
2.1. Participants

The data analysis underlying this research is based on 30 data sets collected for a prior
study [20]. For the original study, respective EEG data sets were collected together with
skin conductance response (SCR) data and self-report data. Due to this multi-methods
approach, artifacts in one of the three measurements led to the exclusion of 11 data sets
resulting in 19 remaining data sets (11 = female, 8 = male) in the study by Soiné et al. [20].
This would have been too few data to perform a gender comparison. In the present analysis,
we excluded SCR and self-report data, which led to a higher number of data sets, making it
possible to compare female and male participants.

The present analysis is now based on data that were collected from 27 right-handed,
healthy, English-speaking participants in the frame of the prior study (females = 14,
males = 13) [20]. All participants confirmed not to be restricted by current health issues or
mind-altering states (no psychopathologies or mind-altering drugs) and to have normal or
corrected to normal vision. For the social presence condition all participants were asked to
bring a same sex significant other person with them. The study was permitted by the ethics
committee of the Webster University in Saint Louis, MI, USA.

To determine the intimacy of each pair of participants, the “Inclusion of the Other in
the Self” (IOS) Scale was used [21]. Consisting of a 7-point Likert scale (with 7 representing
the highest intimacy), all pairs of participants ranking each other as 5 or higher were
included in the study.

2.2. Stimuli

The stimulus material was described in detail in the prior study [20]. In summary,
pre-rated pleasant, unpleasant and neutral pictures were presented on a computer monitor,
while the participants’ brain potential changes were recorded. The presented pictures were
taken from the OASIS database. They were pre-rated on a 7-point Likert-scale (i.e., 1 = very
unpleasant to 7 = very pleasant for valence; 1 = not arousing at all to 7 = very arousing
for arousal) [22,23]. According to those pre-ratings, two on average equally rated picture
sets were established for the two respective conditions (i.e., alone versus social presence
condition). Ninety pictures per condition (i.e., 30 pictures per emotion category—pleasant,
neutral, and unpleasant) were used for the experiment. The experiment was designed with
the E-Prime 2.0® software package (Psychology Software Tools311 23rd Street Ext., Suite
200, Sharpsburg, PA 15215-2821, USA). For more details about the statistically accurate
division of the pictures for the different categories and conditions please refer to Soiné et al.
2021 [20].

During the experiment, the participants viewed all stimuli on a Dell E2214hb 21.5
inch widescreen LED LCD monitor with black background. One trial included the pre-
sentation of a blank black screen (1 s), a fixation cross (1 s), a blank black screen (1 s), the
corresponding picture chosen by the software for the trial (1 s), a blank black screen (1 s),
and, finally, a valence and an arousal rating screen. To show all 90 pictures per condition,
90 trials were conducted.
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2.3. Data Collection

To measure cortical activity, the Geodesic EEGTM System 400 with a silver chloride
HydroGel Geodesic Sensor Net of 64 electrodes was applied to the participant’s head
(see [20]). The EGI Net Amps 400 amplifier with a built-in Intel chip continually sampled
all potential changes at a rate of 1000 Hz. An offline bandpass filter from DC to 30 Hz was
applied. The Net Station 5.4 software was used to obtain the data. More details, including
the whole procedure, can be found in Soiné et al. [20].

Baseline brain activity was measured during the second blank black screen and the
ERP measurement, in response to the pre-rated pictures, followed during the third blank
black screen. The purpose of the fixation cross was to reduce ocular artifacts by allowing the
participants time to blink. Please refer to the prior study by Soiné et al. [20] for more details.

2.4. Data Analysis

EEGDISPLAY 6.4.9 (by Ross Fulham) using an offline bandpass filter from 0.1 to 30 Hz
was used to process and clean EEG data. Baseline-corrected epochs were generated, and
the relevant data from 100 ms prior to the inception of every stimulus to 1000 ms after
the stimulus inception were extracted. Visible artifacts were removed manually and all
amplitudes denoted as beyond 75 mV by the software were removed by an automated
threshold detection algorithm. Grand averages were computed according to the 2 × 3
experimental design (2 social conditions (alone and with social presence) and 3 picture
emotion categories (pleasant, unpleasant and neutral). All averages were re-referenced
to the common average. The 27 valid data sets were grouped into female (N = 14) and
male (N = 13) participants. All neurophysiological data were then down-sampled, result-
ing in 25 data points, each data point averaged across 40 ms for each condition and for
each electrode.

First, an analysis including regions of interest was done. For this purpose, seven
regions were defined and within each region several electrodes were pooled together. The
regions were defined according to anatomical areas as follows: “left-frontal” (9 averaged
electrodes: 10,11,12,13,14,17,18,19,64 (numbers are taken from the EGI System)), mid-
frontal” (4 averaged electrodes: 3, 6, 8, 9), “right-frontal” (9 averaged electrodes: 1, 2, 5, 56,
57, 58, 59, 60, 61), “mid-central” (6 averaged electrodes: 4, 7, 16, 21, 41, 51), “left-parietal”
(7 averaged electrodes: 24, 25, 26, 27, 28, 29, 30), “mid-parietal” (7 averaged electrodes:
33, 34, 35, 36, 37, 38, 39) and “right-parietal” (7 averaged electrodes: 42, 44, 45, 46, 47, 48,
52). The aim of this was to test if a potential sex difference was region-specific and to find
out which time points demonstrated a significant sex difference for both social conditions
(alone and social presence). A repeated-measures ANOVA, including all regions of interest
as a within-subject factor with 7 levels, emotion condition as a within-subject factor with
3 levels and sex as a between-subject factor with 2 levels was calculated for each of the
25 data points. The respective calculation revealed three time points for which significant
region*emotion*sex interactions occurred. Those were 638 ms, 838 ms und 878 ms after
stimulus onset, with the highest significance level for 838 ms (p = 0.028). Consequently,
further analysis was focused on this time point only. Because the present paper aimed at
testing if the finding from the prior study by Soiné et al. [20] varies as a function of sex,
further analysis was done only for the mid-frontal region, where visual inspection of the
newly generated ERPs resulted in clear evidence that females contributed dominantly to
the previously described effect [20].

The final and most relevant analysis was based on one of the two electrode positions
from the prior study [20] that were found as showing highest significance levels with
respect to the described neurophysiological effect. For the selected mid-frontal electrode
(electrode 8) amplitude means related to all three emotion categories for both sexes and
for both social conditions were compared separately by calculating paired-sample t-tests.
Due to multiple comparisons, Bonferroni correction was applied to adjust the initial α of
0.05. Given that three comparisons were calculated within each sex group and per social
presence condition, the adjusted α resulted in 0.016. See respective results in Tables 1 and 2.
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Table 1. p-values of ERPs for female and male participants in the social presence condition at electrode
8 at 838 ms post stimulus onset between the respective valence categories. Significant values are
marked bold and in red color.

Social Presence Condition

Female Participants at 838 ms

Valence Categories p-Value

Electrode 8
(mid-frontal)

Neutral–Pleasant p = 0.013 (t(13) = −0.429)
Neutral–Unpleasant p = 0.013 (t(13) = 0.466)
Unpleasant–Pleasant p = 0.492 (t(13) = 0.631)

Male Participants at 838 ms

Valence Categories p-Value

Electrode 8
(mid-frontal)

Neutral–Pleasant p = 0.547 (t(12) = 0.594)
Neutral–Unpleasant p = 0.787 (t(12) = 0.447)
Unpleasant–Pleasant p = 0.701 (t(12) = 0.497)

Table 2. p-values of ERPs for female and male participants in the alone condition at mid-frontal
electrode 8 at 838 ms post stimulus onset between the respective valence categories. There are no
significant values.

Alone Condition

Female Participants at 838 ms

Valence Categories p-Value

Electrode 8
(around FPz)

Neutral–Pleasant p = 0.634 (t(13) = 0.537)
Neutral–Unpleasant p = 0.977 (t(13) = 0.347)
Unpleasant–Pleasant p = 0.320 (t(13) = 0.754)

Male Participants at 838 ms

Valence Categories p-Value

Electrode 8
(around FPz)

Neutral–Pleasant p = 0.735 (t(12) = 0.722)
Neutral–Unpleasant p = 0.415 (t(12) = 0.995)
Unpleasant–Pleasant p = 0.510 (t(12) = 0.775)

3. Results
EEG Results

Paired sample t-tests, contrasting the ERP results between the differently valenced
pictures (pleasant, neutral, unpleasant) for the social presence condition and for the alone
condition showed significant differences that follow a certain pattern with respect to sex
(see Figure 1 and Table 1). Contrasting the ERPs of the female and male participants in
the social presence condition revealed significantly more negative going potentials at the
selected mid-frontal electrode for the female participants in response to the neutral pictures
(see Figure 1).

At 838 ms after stimulus onset, ERPs of female participants in the social presence
condition showed significant differences for the neutral and pleasant picture conditions
with a p-value of 0.013 for mid-frontal electrode 8. Similarly, a significant difference was
found between the neutral and unpleasant picture conditions for female participants in the
social presence condition with a p-value of 0.013. No significant differences were detected
between the unpleasant and pleasant picture conditions for female participants in the
social presence condition (electrode 8: p = 0.492). In contrast, male participants showed
no significant differences in cortical activity between any picture category pairs in the
social presence condition at the same electrode location. Consequently, female participants
exhibited a significantly heightened cortical activity in the mid-frontal region in response
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to neutral pictures during the social presence condition, whereas male participants did not
show any such effect (see Table 1).

Figure 1. Left: ERPs calculated from brain potentials recorded at electrode location 8 (mid-frontal
location) for all three emotion categories and both experimental conditions are shown for females
and males separately. Right: Respective topographical maps for each valence category and both
experimental conditions are shown for females and males. For females but not for males, the ERPs
and their topographic display show clearly that neutral pictures in the social presence condition elicit
the most negative brain potentials at mid- and left-frontal electrode locations.
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At 838ms in the alone condition, t-test results showed no significant difference for the
female participants between the neutral and pleasant picture conditions, with a p-value of
0.634 for mid-frontal electrode 8. Similarly, no significant difference was detected between
the neutral and unpleasant picture conditions with a p-value of 0.977, as well as for the
unpleasant and pleasant picture conditions with p = 0.320. Male participants also did not
show any significant differences for any picture category pairs (see Table 2).

4. Discussion
4.1. Social Presence, Ambiguous Stimuli, and the Present Results

Brain activation-related sex differences in response to affective stimuli have become
a greater focus of research within the last decades. However, most research has focused
solely on investigating sex-reliant brain activation mechanisms associated with inanimate
emotional stimuli, such as photos and videos [4–12]. Even though those studies provide
important insights into affective brain functioning, only naturalistic stimuli resembling
significant social, economic, or survival-related choices may have the potential to fully
recruit relevant brain mechanisms prone to sex differences [19,20]. As recently reported,
social presence seems to represent such a naturalistic independent variable providing
significant cues for human life. In this earlier study [20], it was found that social presence
elicited heightened mid-frontal cortical activity during exposure to neutral stimuli in
a group of male and female participants. LORETA analysis within this earlier study
attributed the observed increased activation to the ACC. This finding is supported by
various brain imagining studies including EEG studies suggesting a multifunctional key
role of the ACC in gauging significant social stimuli [24–30]. This is of importance for
an individual’s beneficial adjustment to internal and environmental circumstances such
as the individual’s social inclusion status. Consequently, ambiguous stimuli (i.e., neutral
pictures) in social presence are indicated to imply decisive cues for social decisions [20].
The current study re-analyzed data from this prior study [20] to test whether sex differences
can be found. The re-evaluation now indicates that social presence most dominantly alters
brain responses to ambiguous emotion-related stimuli (i.e., neutral pictures) in female
participants. This is reflected in significantly enhanced cortical activity in the mid-frontal
cortical region in female participants compared to their male counterparts, while exposed
to neutral pictures in the social presence condition. This neurophysiological effect was
neither found for female participants in the alone condition, nor for male participants
in the alone and the social presence condition. It is, therefore, concluded that the effect
reported in Soiné et al. [20] largely emerged from female participants. It is to be noted
that the present female-dominant effect appears approximately 130ms later than the effect
found across both sexes. Despite this temporal difference in acitvation, we continue to
suggest the ACC as strongly contributing to the heightened activation in the social presence
condition during exposure of neutral pictures. This argument is supported by numerous
neuroimaging studies, which have associated mid-frontal ERP-effects with changes in ACC
activation [24,25,31–37].

4.2. Sex Differences in the Area of the ACC at Cellular, Structural, and Network Level

Sex differences in the ACC and associated structures have been documented at cel-
lular, structural, and network levels. Female reproductive hormones have been shown
to impact cellular function, thereby structurally and functionally modulating neural cir-
cuitry [38]. Controlling for the hormonal phase of women (i.e., menopause, menstrual
cycle, and ovarian steroid manipulations), fMRI as well as PET studies have related two
female hormones, estradiol and progesterone, to have neuroregulatory effects on various
structures. These associated areas, including the ACC, play a role in the processing of
affective states and (social) situation-specific decision making, as employed in the present
study. Therefore, these regions are considerably impacted by the neuroregulatory effects
of female hormones [38]. Estradiol and progesterone are indicated to have the most po-
tent effect on the dorsolateral prefrontal cortex (dlPFC) and the hippocampus (working
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memory) [39–41], the orbitofrontal cortex (OFC) and the amygdala (reward system) [42–45],
the insula (salience system) [46], the medial prefrontal cortex (mPFC) and the rostral ACC
(rACC) (default mode) [47–50], as well as on the rest of the ACC, the amygdala, and the
OFC (emotional processing) [51–56].

On a structural level, the hippocampus, parietal and occipital regions, as well as the
locus coeruleus and areas of the cingulate cortex differ in males and females with the
latter accounting for a heightened receipt and processing of information within the female
limbic system [2,57]. Females show increased grey matter volume within the cingulate
cortex [58], specifically within the cingulate sulcus, whereas males show a greater volume
in the paracingulate sulcus [59]. Significantly greater peak density was demonstrated in
the female subcallosal anterior cingulate [3], while reduced right ACC volume in boys (but
not girls) was linked to aggressive and defiant behavior [60]. On the network level, sex
differences have been documented in brain circuits responsible for affect-related cognitive
control as well as stress. While cognitive emotional control elicited diminished amygdala
activation in men, women display heightened activation in the ACC, the ventral striatum
and the frontal regions [61,62]. When viewing negative emotional cues, females were
shown to display increased activation in the area of the cingulate cortex indicating a
female advantage in adjusting to negative events [9,63]. Furthermore, perceived stress
causes heightened PFC and reduced OFC activation for men, whereas women demonstrate
increased activation of limbic structures, including the ACC [64].

4.3. Interpretation of the Present Results

In light of the prior study [20], the present results, although still speculation-based,
indicate increased ACC activation in female participants compared to their male counter-
parts when exposed to neutral pictures while accompanied by a significant other person
(social presence condition). It is suggested that the increased neural activity associated with
neutral pictures relates to the ACC’s role in processing several components of uncertainty
and ambiguity [65,66]. This heightened ACC activation may reflect an individuals’ personal
ambiguity attitudes in the choice between alternative strategies with the intention of choos-
ing the best value option [26,65]. The potential of social presence to alter ACC activation is
linked to the fact that mistakes made in the presence of others are more costly than made
when alone. Hence, social situations may catalyze the pressure for individuals to find the
best suitable option [67,68]. This specific activation of the ACC in ambiguous social settings
as indicated in the present results aligns with previous findings. These findings attribute
an integrative weighting function accountable for controlling adaptive social cognition
mechanisms as well as mediating the value of social stimuli to the ACC [24–29,66,69,70].
This includes a personal cost-benefit evaluation and an estimate of the motivation of oth-
ers [67,71]. Neural responses to social affective stimuli and resulting situation-specific
decisions are largely generated within the ACC [30,67,71]. These processes are controlled
through various neuroregulatory effects including female reproductive hormones, sex-
dependent differences in the volume of brain structures and differences in brain circuitry
(i.e., for the execution of emotion-related cognitive control) [3,47–54,56,58,59,61,62].

Evolution has long shaped affective, cognitive, and behavioral processes differently
for men and women. This, for instance, is shown in the tend-and-befriend response (versus
fight-or-flight response), which is more dominantly seen in females compared to males.
While tending is referred to as self-protecting and safety promoting nurturant activities,
befriending involves social networking in support of the former. Female reproductive hor-
mones, endogenous opioid peptide mechanisms and oxytocin have potent neuroregulatory
effects on brain structures including the ACC, which in turn underlie the tend-and-befriend
response [47,49,72]. These different sex-related adaptive mechanisms can be observed in
animal herds, where females conjointly tend, while men compete for the status of the alpha
male. While in the animal kingdom such behaviors still have evolutionary advantages,
human survival does no longer depend on such adaptive evolutionary mechanisms, thanks
to the safety of civilization. However, a female tendency of tending-and-befriending versus



Life 2023, 13, 585 9 of 13

a male tendency of fight-and-flight can still be seen. For example, when asked to describe
advantages of workplace friendships in times of stress, women focused on social and emo-
tional support, while men emphasized benefits for their productiveness and prospective
career [73]. Given the fact that those sex-dependent behavioral tendencies are still evident
in modern society, the question arises, whether this behavior can be purely subject to
evolutionary mechanisms?

Besides evolution, sociocultural norms are a powerful force determining emotional
expressions as well as behavior by defining what is inappropriate and what is desirable.
Sociocultural norms further influence how we perceive and value ourselves and others,
how we interpret situations and act on them and how we are perceived by others [74]. Due
to their impact on such personal perception patterns, norms have the potential to alter af-
fections, cognitions, and behavior. A change in affective, cognitive, and behavioral aspects
is accompanied by an alteration in brain activity, which again underlies neuroregulatory
parameters on cellular levels. Historically, the norms enforced by society have differentially
influenced the affections, cognitions, and behavior of men and women. Stereotypical
viewpoints, which were enforced by society over centuries include women being perceived
as less competitive, warmer, and more tending versus men being more aggressive, compet-
itive, and less emotional [75]. Given their significant impact on human life, sociocultural
norms may well play an important role in shaping sex-related neural differences on cellular,
structural, and network levels.

With regar to the current study, the heightened ACC activity found in female partici-
pants in the social presence condition when viewing neutral pictures can be interpreted as
reflecting affective cortical activity patterns driven by social adaptive mechanisms. As hu-
mans are social animals, social adaptation has always been essential. This is reflected in the
structure of the human brain, which evolved for optimal situation-specific decision-making
to ensure social benefits (for an overview of social decision-making mechanisms in the
ACC see Soiné et al., 2021 [20]). While evolution framed the major social brain mechanism
for survival, sociocultural norms coined social rules in civilization. Therefore, the impact of
sociocultural norms on behavior, and therefore on cortical affect regulation and cognition,
is most potent in social presence.

5. Conclusions

The present study found a maximal increase in mid-frontal cortical activity in female
participants at 838 ms after stimulus onset when exposed to neutral pictures while being
accompanied by a significant other person (social presence condition). This aligns with
previous studies suggesting sex-related hormonal and structural brain differences. We
attribute the present differences between females and males in social presence mainly
to evolutionary and sociocultural aspects, which enforced variations in female and male
affective, cognitive, and behavioral patterns over time. In an age shaped by the redefinition
of traditional gender identities and roles it is important to first understand how sex-related
differences in female and male affect, cognition, and behavior emerged. Acknowledging
the various biological differences between the two opposite sexes on the spectrum will
hopefully give rise to a less categorical perception of the sexes. This includes the recog-
nition of the continuous nature of hormonal levels, molecular structures, degrees of XY
chromosome expression, and anatomical givens. Further research is necessary to foster
a more holistic understanding of the biological basis underlying non-traditional and not
binary gender identities and roles.

Beyond this, health, disease and treatment success can be determined by a variety
of interlinked cellular, structural, and functional signaling cascades related to sex. As the
Western medical system is currently tailored to the average male body and its symptomol-
ogy, it does not do justice to the individual medical needs of different sexes on the spectrum.
This affects many individuals daily, because gender medicine has not yet advanced enough
for a gender-fair adjustment of diagnostic criteria and drug dosages. Hence, taking a
more gender equitable approach towards Western medicine may be one decisive factor
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influencing treatment success rates in the present and future. For instance, entangling
the biological basis underlying the spectrum of sexes and its physiological correlates may
represent a key for the development of more sustainable treatment options. This may
significantly reduce the societal burden of repeated health care costs due to mistreatment.
The present results contribute one piece to this puzzle by revealing how female and male
brains exhibit differential magnitudes of cortical potentials in response to neutral pictures
in a social presence condition.
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