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Abstract
The purpose of this study was to investigate sex-related differences in the electrophysiological response to socioemotional stimuli
(positive, negative, and ambiguous) depicting couple interactions. The associations between anxiety and avoidance attachment
dimensions (measured with the Experiences in Close Relationships–Revised questionnaire) and the strength of cortico-limbic
circuit intensity was explored, recorded using a 256-Hydrocel Geodesic Sensor-Net. Event-related potentials (ERPs) and stan-
dardized low-resolution electromagnetic tomography (sLORETA) data were analyzed for a total sample of 74 participants.
Regression analyses showed that the women presented increased brain intensity compared with that in men, and the avoidance
score was positively associated with brain intensity, particularly in response to negative socioemotional stimuli. The interaction
sex per avoidance was a significant predictor of intensity in many brain areas, with women displaying significantly more
pronounced positive associations between avoidance and brain intensity than men. In conclusion, the findings of the present
study showed that women appeared to be more emotionally involved during the socioemotional task. Avoidance was positively
associated with intensity of the cingulate and prefrontal regions, and these associations were more pronounced in women than in
men. These findings suggested that avoidance seems to represent two different socioemotional strategies, in which women appear
to activate an avoidant strategy to modulate increased emotional involvement in relationships, whereas men appear to adopt
avoidance with a more intense emotional suppression.
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Several studies have provided evidence regarding the existence
of sex-related differences in socioemotional processing
(Collignon et al., 2010; Kret & De Gelder, 2012). According to
recent literature, women appear to be considered as more sensi-
tive and focused on emotional aspects of social experiences com-
pared with men (Bianchin & Angrilli, 2012; Guimond, Chatard,
Martinot, Crisp, & Redersdorff, 2006). Specifically, women ap-
pear to develop a more pronounced tendency to empathize with
and understand both the verbal and nonverbal information related
to the behaviors of others (Proverbio, Zani, & Adorni, 2008).
From an evolutionary perspective, this female propensity could
be viewed as a functional adaptation associated with the care of
offspring (Hampson, vanAnders, &Mullin, 2006). Consistently,

the many studies that have investigated sex-related differences in
brain activity have indicated the activation of different neural
pathways during socioemotional tasks between men and women
(Althaus et al., 2014; Bianchin & Angrilli, 2012; Groen Wijers,
Tucha, & Althaus, 2013). In particular, some event-related po-
tential (ERP) studies have reported that women prioritize the
processing of socially relevant and negative emotional informa-
tion, showing different P100, N200, and late positive potential
(LPP) amplitudes in the occipital, frontocentral, and parietal
montages, respectively, compared with those in men (Groen
Wijers, Tucha, & Althaus, 2013; Proverbio, Adorni, Zani, &
Trestianu, 2009). Moreover, activity in the right amygdala and
right prefrontal brain regions in response to pictures depicting
characters in negative contexts was only observed in women,
suggesting the potential role of these areas in the increased affec-
tive response to negative social information inwomen (Proverbio
et al., 2009). Finally, women were shown to present enhanced
activity in the cingulate brain areas; this neural correlate could be
an expression of women’s propensity to respond empathetically
to social stimuli (Proverbio et al., 2008; Sander, Frome, &
Scheich, 2007).
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In light of these previous studies, the investigation of how
sex-related differences affect social and intimate relationships
in men and women is of interest (Ratliff & Oishi, 2013).
Hazan and Shaver (1987) suggested that adult romantic love
represents an attachment process that is affected by infant
experiences, theorizing three different forms of attachment
styles: secure, anxious/ambivalent, and avoidant.
Specifically, secure people feel comfortable with intimacy
and maintain autonomy in their relationships, anxious people
are extremely preoccupied with relationships and rely on their
partners, and avoidant people withdraw from closeness and
intimacy in their relationships (Hazan & Shaver, 1987; Main,
Kaplan, & Cassidy, 1985).

Many studies have approached this issue from a neurobio-
logical perspective, investigating the brain processes associat-
ed with various attachment dimensions (Cecchini, Iannoni,
Pandolfo, Aceto, & Lai, 2015; Gillath, Bunge, Shaver,
Wendelken, & Mikulincer, 2005; Lai, Altavilla, Ronconi, &
Aceto, 2016). In particular, the anxiety dimension of attach-
ment has been positively associated with the activation of
emotion-related brain areas (the anterior temporal pole, insula,
and anterior cingulate cortex) and inversely correlated with
the activation of brain areas involved in emotional regulation
processing (orbitofrontal cortex; Gillath et al., 2005).

Previous studies examining the association between the
avoidant attachment dimension and cortico-limbic activation
(amygdala, insula, anterior cingulate cortex, and prefrontal
cortex) have reported contrasting findings (Vrtička,
Bomdolfi, Sander, & Vuilleumier, 2012). On the one hand,
some studies demonstrated decreased cortico-limbic activity
as a function of increased avoidance scores in social exclusion
tasks and during the presentation of positive socioemotional
stimuli (Dewall et al., 2012; Vrtička, Andersson, Grandjean,
Sander, & Vuilleumier, 2008). On the other hand, other stud-
ies have shown increased cortico-limbic activation in people
with high scores in the avoidant attachment dimension in re-
sponse to unpleasant socioemotional stimuli (Buchheim,
George, Kächele, Erk, & Walter, 2006; Strathearn, Fonagy,
Amico, & Montague, 2009; Vrtička & Vuilleumier, 2012). In
light of these contrasting findings, whether the avoidant at-
tachment dimension is negatively or positively associated
with cortico-limbic activation during socioemotional stimuli
processing remains unclear. This divergence in the findings
reported by previous studies could be associated with the dif-
ferent socioemotional tasks that were used, which may have
resulted in the activation of different neural correlates (e.g.,
social reward, social exclusion, emotional faces, and crying
infants; Lee & Siegle, 2009).

In line with this hypothesis, a very recent metanalytic study
suggested that two opposing neurobiological mechanisms
may be associated with avoidance (Long, Verbeke, Ein-Dor,
& Vrtička, 2020). On the one hand, deactivating strategies
may be engaged, which appear to be associated with the

relative insensitivity to negative social information,
preventing an excessive activation of an “aversion module”
(anterior cingulate cortex, insula, hippocampus, amygdala,
and anterior temporal pole). On the other hand, avoidance
strategies appear to result in the increased sensitivity to nega-
tive social information, accompanied by the reduced ability to
regulate consequent distress, which results in the increased
activation of the aversion module. Simultaneously, positive
emotions associated with social contexts also appear to be
suppressed. These data suggested that individuals with avoid-
ance attachment present a blunted subjective experience and
reduced brain activity in response to positive social informa-
tion, whereas there is an impaired regulation of strongly neg-
ative social information (Long et al., 2020).

Several EEG studies have demonstrated that the N200,
P200 and late components appear to be modulated by the
attachment style (Krahe et al., 2015; Krahe, Drabek,
Paloyelis, & Fotopoulou, 2016; Zayas, Shoda, Mischel,
Osterhout, & Takahashi, 2009). Specifically, higher N200
and P200 amplitudes have been associated with increased
avoidance (measured with the Experiences in Close
Relationships–Revised questionnaire) in response to painful
stimuli that occur in the presence of social support (Krahe
et al., 2015) or to social rejection/exclusion experiences
(White et al., 2012). These social neuroscience data underline
how avoidance is associated with the preferential use of sup-
pression as an emotional (self-)regulation strategy during both
positive and negative social contexts (Collins & Feeney,
2004; Long et al., 2020), resulting in two possible neurobio-
logical outcomes—either decreased activation or increased
sensitivity to social information.

In light of these recent findings, a possible explanation of
the contrasting results regarding the relationship between the
avoidant attachment dimension and cortico-limbic activation
in response to socioemotional stimuli may be ascribable to the
adoption of different emotional coping strategies in men and
women. In previous studies, positive associations between the
avoidance attachment dimension and brain activation were
only reported in women (Buchheim et al., 2006; Strathearn
et al., 2009; Vrtička & Vuilleumier, 2012), whereas negative
associations were either only found only in men or identified
in mixed samples (Dewall et al., 2012; Vrtička et al., 2008).

In view of the divergence among these neurobiological
studies, the investigation of the associations between attach-
ment dimensions and cortico-limbic activation in men and
women is of interest. To the best of our knowledge, few neu-
robiological studies have focused on this topic.

The primary purpose of this study was to investigate sex-
related differences in the electrophysiological responses to
socioemotional images of couple interactions. Moreover, the
associations between attachment style dimensions and the
brain responses in cortico-limbic circuits in both men and
women were investigated. The hypotheses were that women
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would show different amplitudes and latencies for early ERP
components in the occipital and temporo-parietal montages,
whereas for late ERP components will be observed in the
frontal montage, as well as an increased intensity in the limbic,
cingulate, and prefrontal cortices in response to socioemotional
images compared with the brain intensity observed in men. The
association between the avoidant attachment dimension and the
intensity of the limbic, cingulate, and prefrontal cortices will be
significantly positive and significantly more pronounced in
women than in men, particularly in response to images with
negative valence.

Methods

Participants

Eighty-three right-handed, healthy volunteers participated in
the study. The study was approved by the Ethics Committee
of the Department of Dynamic and Clinical Psychology,
Sapienza University, and all participants signed informed con-
sent to participate in the study. The inclusion criterion was
being between 18 and 35 years of age. The exclusion criteria
were any history of neurological injury, psychiatric illness,
drug abuse, or psychotropic medication.

Psychological assessment

The Experiences in Close Relationships–Revised scale (ECR-
R; Busonera, Martini, Zavattini, & Santona, 2014; Fraley,
2012; Fraley, Waller, & Brennan, 2000; Picardi et al., 2002)
was administered to assess two attachment dimensions (anxi-
ety and avoidance). The ECR-R is a 36-item self-report ques-
tionnaire that includes 18 items for the anxiety dimension and
18 items for the avoidance dimension (with Cronbach’s α of
0.90 and 0.89, respectively; Busonera et al., 2014). The partic-
ipants rated each item on a 7-point scale, ranging from 1 (to-
tally disagree) to 7 (totally in agreement). In the sample used in
the present study, the Cronbach’s α values for the anxiety and
avoidance dimensions were 0.89 and 0.86, respectively.

Stimuli

A total of 120 black-and-white pictures were selected. Ninety
images depicted a man and a woman engaged in couple inter-
actions, with three different emotional valences, as follows: 30
pictures with couples in intimate interactions (happy facial
expressions or direct gaze or physical contact) were chosen
for the positive condition; 30 pictures with couples in conflic-
tual interactions (sad or angry facial expressions or averted
gaze or physical violence) were chosen for the negative con-
dition; and 30 pictures with couples in neutral interaction
(neutral facial expressions or neutral actions or averted gaze)

were chosen for the ambiguous condition. Finally, 30 pictures
depicting neutral objects were chosen to avoid habituation to
the interaction stimuli.

Thirty neutral objects were selected from the International
Affective Picture System (IAPS; Lang, Bradley, & Cuthbert,
2008). Ninety pictures of couple interactions were chosen as
follows: from the IAPS were selected all the available pictures
depicting couple interactions (n = 15) and from the internet
were selected the remaining pictures (n = 75) according to the
criteria described above (positive, negative, and ambiguous
conditions). All 120 pictures were adjusted for luminance
and contrast using the Gnu Image Manipulation Program
(GIMP; Version 2.8, Free Software Foundation, Inc.) and
Microsoft Office Picture Manager software, setting an identi-
cal resolution (640 × 480 pixels) for each image.

A preliminary assessment was performed by 19 volunteers
to evaluate the emotional valence (on a Likert scale from 1 =
very negative to 7 = very positive) and the emotional arousal
(on a Likert scale from 1 = no intense to 7 = extreme intense)
of each of the 90 couple interaction images.

A repeated-measures analysis of variance (ANOVA), with
condition (positive vs. negative vs. ambiguous) as the within-
subjects factor, performed on the emotional valence score
showed a main effect of the condition, F(2, 36) = 283.2, p <
.001, inwhich the positive condition reported a higher positive
score than the negative (p < .001) and ambiguous (p < .001)
conditions, and the negative condition reported a higher neg-
ative score compared with the ambiguous condition (p <
.001). A repeated-measures ANOVA, with condition (positive
vs. negative vs. ambiguous) as the within-subjects factor, per-
formed on the emotional arousal showed a main effect of the
condition, F(2, 36) = 6.7, p = .003, in which the ambiguous
condition reported a lower arousal rating than the positive (p <
.001) and negative (p = .039) conditions.

Experimental procedure

Participants were seated at a viewing distance of 80 cm from a
PC monitor (27 cm, 75 Hz, 1,024 × 768). The stimuli were
presented using E-Prime (Version 2.0.8.90; Psychology
Software Tools, Inc., Pittsburgh, PA, USA). The participants
were instructed to pay attention to the images and evaluate
their emotional valence. Each trial began with a fixation cross
displayed for 1,000 ms, followed by a picture (positive vs.
negative vs. ambiguous vs. neutral), which was presented
for 2,000 ms. Participants then rated the emotional valence
of the visual stimuli on a 7-point scale, ranging from 1 (very
negative) to 7 (very positive). Each trial ended with an inter-
stimulus interval (ISI) with a random duration ranging from
300 to 500 ms. A total of 120 trials (30 trials per condition)
were presented in a random order (see Fig. 1). After the visual
task, the ECR-R was administered.
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Electroencephalographic (EEG) registration and
analysis

Electroencephalographic (EEG) signal was recorded continu-
ously at 250 Hz using Net Station 4.4.2 and a 256-Hydrocel
Geodesic Sensor Net, with an impedance below 50 kΩ and
referenced to the vertex (Cz).

The acquired data were digitally filtered (30 Hz low-pass)
off-line. The EEG data for each subject was segmented into
epochs starting 100 ms before the presentation of the stimulus
until 700 ms after stimulus onset. The artefact detention was
set to 200 μV for bad channels (noisy electrodes), to 150 μV
for eye blinks (detected on specific electrodes pairs: left: 37-
241/32-241 and right: 18-238/25-238), and to 100 μV for the
electrodes detecting eye movements (left: 252 and right: 226;
Electrical Geodesic, Inc., Eugene, OR, USA; Bourisly &
Shuaib, 2018; Lai et al., 2018; Luan, Yao, & Bai, 2017;
Picton et al., 2000; Schreiter, Chmielewski, & Beste, 2018).
The segments containing eye blinks, eye movements, or more
than 15 bad channels were excluded. Baseline correction
−100 ms before stimulus onset was applied.

Through the visual inspection of ERPs components, the
following intervals were set: from 80 to 160 ms for the
P100, and from 160 to 220 ms for the N200 (early compo-
nents); from 220 to 300 ms for the P250, from 300 to 500 for
the LC1, and from 500 to 700 for the LC2 (late components).

After the EEG signal cleaning from artefacts, as reported
by previous studies (Lai et al., 2020; Lai, Pellicano, et al.,

2018; Picton et al., 2000; Tanner, Morgan-Short, & Luck,
2015), the following electrode locations were chosen for each
montage: occipital (O1, O2), temporo-parietal (left: 65, 75,
84, 86, 97, 107, 108; right: 150, 160, 161, 162, 173, 179,
180), and frontal (left: 22, 23, 24, 28, 30, 47, 49; right: 6, 7,
13, 207, 214, 215, 221).

Data were analyzed on peak amplitudes and latencies for
the following: at P100 on the occipital and temporo-parietal
montages; at N200 on the temporo-parietal montage; and at
P250 on the temporo-parietal and frontal montages.
Moreover, at LC1 and LC2, the data were analyzed just on
peak amplitudes of the temporo-parietal and frontal montages.

Source analysis (sLORETA)

The EEG signal was processed through GeoSource 2.0 soft-
ware (Electrical Geodesic, Inc., Eugene, OR, USA) to identify
the locations of the neural generators of the ERP components.

Standardized low-resolution electromagnetic tomography
(sLORETA; Pascual-Marqui, 2002), was used to identify
source locations based on a probabilistic map of the
MNI305 average (Montreal Neurological Institute 305 sub-
jects). Gray matter volume was parcellated into 7-mm voxels,
with each voxel serving as a source location with three orthog-
onal orientation vectors (Cecchini, Aceto, Altavilla, Palumbo,
& Lai, 2013; Lai et al., 2016; Lai et al., 2017; Lai et al., 2018;
Lai et al., 2020; Lai, Pellicano, et al., 2018; Lancaster et al.,
2000; Luciani et al., 2014; Massaro et al., 2018). This

1     2     3     4     5     6      7
very very

negative                          positive

+
Images regarding interactions of two
partners will be presented; his job is to
pay attention and evaluate a number
key from 1 (very negative) to 7 (very
positive) each image presented.

When ready, press any key to continue.

Fig. 1 Task procedure. The task started with instructions for the
participants. They were instructed to pay attention to the images and
evaluate their emotional values. Each trial started with a fixation cross,
displayed for 1,000 ms, followed by the picture (positive vs. negative vs.
ambiguous vs. neutral), presented for 2,000 ms. Then the participants

rated the image on a 7-point scale ranging from 1 (very negative) to 7
(very positive); the trial ended with an interstimulus interval (ISI) ranging
from 300 to 500 ms. A total of 120 trials (30 trials for each condition)
were presented in random order
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parcellation resulted in a total of 2,447 source triplets whose
anatomical labels were estimated through the use of a
Talairach daemon (Cecchini et al., 2013; Lancaster et al.,
2000; Luciani et al., 2014).

In accordance with the hypotheses and based on previous
literature (Long et al., 2020; Vrtička & Vuilleumier, 2012)
regarding associations between the avoidance dimension and
neurobiological responses to socioemotional stimuli, the fol-
lowing regions of interest (ROIs) were chosen for sLORETA
analyses: limbic, anterior cingulate cortex, posterior cingulate
cortex, and prefrontal cortex. For each ROI, the following
Brodmann areas (BAs) in both hemispheres were selected:
amygdala, insula, amygdala-hippocampus junction, and hip-
pocampus for the limbic ROI; BA24, BA32, and BA33 for the
anterior cingulate cortex ROI; BA23, BA30, and BA31 for the
posterior cingulate cortex ROI; and BA09, BA10, BA11,
BA46, and BA47 for the prefrontal cortex ROI.

Statistical analysis

Differences between men and women were examined using t-
tests on the number of trials (positive, negative, and ambigu-
ous) without artefacts that were inserted in the final analyses,
and on ECR-R scores (anxiety and avoidance).

For behavioral data analyses, the 2 × 3 repeated-measures
analyses of covariance (ANCOVAs), with sex (men vs. wom-
en) as the between-subjects factor, condition (positive vs. neg-
ative vs. ambiguous) as the within-subjects factor, and age and
the ECR-R scores (anxiety and avoidance) as covariates, were
conducted on the reaction times and the emotional valence
assignment of the visual stimuli. Correlation analyses
(Pearson’s r) were performed between ECR-R scores (anxiety
and avoidance) and reaction times, and emotional valence
assignment of the visual stimuli. The reaction times and emo-
tional valence assignment scores were subjected to multiple
factorial regression analyses with age, sex, ECR-R-anxiety
score, ECR-R-avoidance score, and the Sex × ECR-R Score
interaction as predictors.

To analyze ERPs data, the 2 × 3 × 2 repeated-measures
ANCOVAs, with sex (men vs. women) as the between-
subjects factor, condition (positive vs. negative vs. ambigu-
ous) and hemisphere (left vs. right) as the within-subjects fac-
tors, and with age and the ECR-R scores (anxiety and avoid-
ance) as covariates were conducted on the amplitude and la-
tency of early and late components on the occipital, temporo-
parietal and frontal montages.

For the sLORETA data analyses, a correlation analysis
(Pearson’s r) was performed between the ECR-R scores (anx-
iety and avoidance) and the mean intensity of each BA in each
ROI in response to each condition for the early and late ERP
components (Bonferroni correction was applied, and the p
value was set at ≤ .0003; 15 BAs × 2 hemispheres × 5 com-
ponents: 0.05/150 = 0.0003). For each BA in each ROI that

showed a significant correlation between the ECR-R-anxiety
score, the ECR-R-avoidance score, and the BA mean intensi-
ty, a multiple factorial regression analysis was performed,
including age, sex, ECR-R-anxiety score, ECR-R-avoidance
score, and the Sex × ECR-R Score interaction as predictors.

All statistical analyses were performed with Statistica 10.0
(StatSoft Inc.).

Results

From among the initial 83 participants, nine were excluded
due to the presence of artefacts in the EEG data. The total
sample consisted of 74 participants (37 men and 37 women;
mean age for men = 24.8 ± 3.9 years; women = 23.8 ± 3.1),
t(72) = 1.3, p = .195.

The t tests performed between men and women on the
number of positive, negative, and ambiguous trials without
artefacts that were included in the final analyses did not show
any significant differences (see Table 1).

The mean ECR-R score for the anxiety dimension for men
was 3.6 ± 0.8, whereas the mean score for women was 3.5 ±
1.2; the mean ECR-R score for the avoidance dimension for
men was 3.0 ± 0.9, whereas the mean score for women was
2.7 ± 0.8. No significant differences were found between men
and women for either the anxiety, t(72) = 0.5, p = .635, or
avoidance, t(72) = 1.4, p = .156, dimensions.

Behavioral data

A2 (sex: men vs. women) × 3 (condition: positive vs. negative
vs. ambiguous) repeated-measures ANCOVA, with age and
ECR-R scores (anxiety and avoidance) as covariates, per-
formed on the reaction times and emotional valence assign-
ment of the visual stimuli showed the following results. For
the reaction times, a main effect of the condition was identi-
fied, F(2, 138) = 3.9, p = .023; ƞp

2 = 0.05, in which the
ambiguous condition elicited longer reaction times compared
with the reaction times for the positive (p < .001) and negative
(p < .001) conditions, and the negative condition elicited lon-
ger reaction times than the positive condition (p < .001). For
the emotional valence assignment in response to visual stim-
uli, the ANCOVA showed a main effect of the condition, F(2,
138) = 34.7, p < .001, ƞp2 = 0.33, in which the positive con-
dition presented a greater positive valence than either the neg-
ative (p < .001) or ambiguous (p < .001) conditions, and the
ambiguous condition presented a greater positive valence than
the negative (p < .001) condition. A Sex × Condition interac-
tion, F(2, 138) = 3.3, p = .039, ƞp

2 = 0.05, was also identified,
in whichmen showed a lower positive score in response to the
positive condition than did women (p = .006). Finally, an
Avoidance × Condition interaction, F(2, 138) = 10.8, p <
.001, ƞp2 = 0.13, was found.
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The correlation analyses (Pearson’s r) performed between
ECR-R scores (anxiety and avoidance) and the reaction times
and emotional valence assignment of the visual stimuli re-
vealed the following results. The ECR-R anxiety score did
not show any significant correlations with either the reaction
times or the emotional valence assignment of the visual stim-
uli. The ECR-R avoidance score was negatively correlated
with the positive valence assignment of the visual stimuli (r
= −0.49, p < .001). Coherently, the multiple factorial regres-
sion on the emotional valence assignment in response to the
positive condition, with age, sex, ECR-R-anxiety score, ECR-
R-avoidance score, and the Sex × ECR-R Score interaction as
predictors showed a significant model. The sex and avoidance
resulted as significant predictors (see Table 2).

ERPs

To analyze ERP data, the 2 (sex: men vs. women) × 3 (condi-
tion: positive vs. negative vs. ambiguous) × 2 (hemisphere: left
vs. right) repeated-measures ANCOVAs, with age and ECR-R
scores (anxiety and avoidance) as covariates, were performed
on ERP amplitude (see Table 3 and Fig. 2). A main effect of
sex was found on the occipital montage at P100 and on the
temporo-parietal montage at P100 and P250, in which men
showed a greater amplitude compared with those in women,
and on the frontal montage at LC2, where men showed a lower
amplitude than women. A Sex × Condition interaction was
identified for the temporo-parietal montage at P100, in which
men showed a greater amplitude in response to negative and
ambiguous stimuli compared with women. In addition, ambig-
uous stimuli elicited a greater amplitude in men compared with
positive stimuli, whereas in women this effect was inverted. A
Sex × Condition × Hemisphere interaction was observed for
the temporo-parietal montage at LC2. An Anxiety×Condition
interaction was observed for the occipital montage at P100 and
for the temporo-parietal montage at N200, P250, and LC1. An
Avoidance × Condition interaction was identified for the oc-
cipital montage at P100. An Avoidance × Hemisphere interac-
tion was observed for the temporo-parietal montage at P250.
An Avoidance × Condition × Hemisphere interaction was
found on the temporo-parietal montage at P250 and LC1 and
on the frontal montage at P250. All the effects, also the not
significant ones, were reported in Table 1 of the supplementary
material (see Table 1s).

ANCOVAs (sex: men vs. women) × (condition: positive
vs. negative vs. ambiguous) × hemisphere (left vs. right), with
age and the ECR-R scores (anxiety and avoidance) as covar-
iates performed on the latency, showed the following results
(see Table 3 and Fig. 2). Amain effect of sex was observed for
the occipital and temporo-parietal montages at P100, in which
men showed a longer latency compared than women. A main
effect of age was identified for the frontal montage at P250, in
which age was negatively associated with the latency. An
Anxiety × Condition × Hemisphere interaction was found on
the temporo-parietal montage at P100.

sLORETA

The correlation analyses performed between the ECR-R
scores (anxiety and avoidance) and the mean intensity of each
BA in each ROI in response to each condition, for each ERP
component, is discussed below.

The ECR-R anxiety score did not show significant correla-
tions with the brain intensity of any ROI, for any component
(see Table 4). The ECR-R avoidance score was significantly
positively correlated with the brain intensity of all ROIs in all
components (see Table 4): for the early components (P100
and N200), the ECR-R avoidance scores correlated with brain
intensity observed in the limbic, cingulate, and prefrontal cor-
tices, mainly in response to negative and ambiguous condi-
tions (see Table 4); for the late components (P250, LC1, and
LC2), ECR-R avoidance scores correlated with the intensity
of the limbic ROI in response to all conditions, with the inten-
sity of the cingulate cortices in response to negative and am-
biguous conditions, and with the intensity of the prefrontal
cortex exclusively in response to negative condition (see
Table 4).

For each BA that showed a significant correlation with the
ECR-R scores, a multiple factorial regression analysis was
performed using age, sex, anxiety, avoidance, Sex ×
Anxiety, And Sex × Avoidance as predictors. As reported in
Table 5, the regression models were all significant. The avoid-
ance predictor was always positively and statistically signifi-
cant coherently with the inclusion criteria applied starting
from the significant correlations. The sex predictor was sig-
nificant (with women showing increased brain intensity com-
pared with men) for the early and late prefrontal cortex ROI
intensity in response to positive condition; for the early and

Table 1 The t tests performed
between men and women on the
number of positive, negative, and
ambiguous trials without artefacts
that were included in the final
analyses (n = 74)

Min Max Men (n = 37)

M ± SD

Women (n = 37)
M ± SD

t(37) p

Positive trials 6 30 22.7 ± 5.8 20.6 ± 6.3 1.5

1.8

1.1

.142

.069

.271

Negative trials 6 30 21.9 ± 5.7 19.3 ± 6.2

Ambiguous trials 6 30 21.7 ± 5.7 20.2 ± 5.8

196 Cogn Affect Behav Neurosci (2021) 21:191–211



late cingulate and prefrontal cortices ROIs intensity in re-
sponse to negative condition; and for the early posterior cin-
gulate cortex ROI intensity in response to ambiguous condi-
tion. Sex × Avoidance was a significant predictor for posterior
cingulate and prefrontal cortices ROIs intensity in response to
positive condition, and for early and late cingulate and pre-
frontal cortices ROIs intensity in response to the ambiguous
and negative conditions.

As shown by the inclination of the regression lines in Fig.
3, the different avoidance/BA intensity associations in men
versus women (represented by the significant Sex ×
Avoidance interaction in the regression models) showed a
stronger positive association in women compared with men
mostly for the late components of the cingulate and prefrontal
cortices ROIs in response to negative condition.

Discussion

The main finding of this study was that avoidance was posi-
tively associated with cortico-limbic brain intensity.
Consistent with the hypotheses, this association presented a
clear sex-related difference, for which the regression slopes in
women were significantly more pronounced than those in
men. As hypothesized, the findings of this study suggested
that the avoidant attachment might be a sex-related adaptive
strategy that involves different affective and cognitive pro-
cesses in response to socioemotional distress. According to
the attachment theory, the internal working models seem to
be behavioral strategies that allow the regulation and mainte-
nance of a minimum level of internal security, through the
deactivation or hyperactivation of the attachment system
(Mikulincer & Shaver, 2003).

The present findings suggested that in women, the avoid-
ance strategy might be associated with an effort to regulate the
hyperactivation of the attachment system induced by
socioemotional cues, whereas the avoidance strategy in men
appears to be associated with a more intense emotional sup-
pression. One interpretation of this divergence between
avoidant strategies in men and women is the general female
tendency to be more receptive to emotional aspects in rela-
tional contexts (Proverbio et al., 2009). Several behavioral
(Bachrach, Croon, & Bekker, 2015; Li & Fung, 2014) and
neurobiological (George, Ketter, Parekh, Herscovitch, &
Post, 1996; Piefke, Weiss, Markowitsch, & Fink, 2005;
Proverbio et al., 2008) studies have supported the increased
tendency among women to empathize and understand others
and revealed the different cortico-limbic correlates in response
to socioemotional stimuli between men and women.

In this study, the Sex × Avoidance interaction effect in
regression analyses showed sex-related differences in the as-
sociation between avoidance scores and brain intensity, par-
ticularly evident in response to the negative socioemotionalTa
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stimuli, involving primarily the left and right anterior (BA32
and BA33) and posterior cingulate (BA23 and BA31) cortices
in the late components and the left prefrontal cortex (BA11) in
both early and late components. In response to the positive
and ambiguous conditions, significantly different associations
between men and women were less frequently observed, and
primarily involved the right posterior cingulate cortex

(BA23), the left anterior cingulate (BA32), and the left pre-
frontal cortices (BA11). These findings were also supported
by the Sex × Condition interaction effect that as observed for
the amplitudes of early ERP components, which confirmed
the pivotal role of negative socioemotional cues for the acti-
vation of the attachment system, mostly in women.
Consistently, recent studies (Proverbio et al., 2009; Stevens

Table 3 The ANCOVAs sex [men (M) vs. women (W)] per condition
[positive (Posi) vs. negative (Nega) vs. ambiguous (Ambi)] per
hemisphere [left (L) vs. right (R)] performed on the amplitude and the
latency of each event-related potential (ERP) component (P100, N200,

P250, LC1, and LC2) on the occipital, temporo-parietal, and frontal
montages, with age and the ECR-R scores (anxiety and avoidance) as
covariates (n = 74)

ERP
components

Significant effects in montage on amplitude and latency Post hoc

P100 (80–160) Occipital
Sex F(1, 69) = 16.5; p < .001; ƞp

2 = 0.19
Anxiety × Condition, F(2, 138) = 3.2; p = .042; ƞp

2 = 0.04
Avoidance × Condition, F(2, 138) = 3.4; p = .037; ƞp

2 = 0.05
Condition × Age, F(2, 138) = 4.1; p = .019; ƞp2 = 0.06

Men > Women

Sex, F(1, 69) = 7.7; p = .007; ƞp2 = 0.10 Men > Women
Temporo-parietal
Sex, F(1, 69) = 9.8; p = .002; ƞp

2 = 0.12 Men > Women
Sex × Condition, F(2, 138) = 3.4; p = .036; ƞp

2 = 0.05
Condition × Hemisphere × Age, F(2, 138) = 3.7; p = .027;

ƞp
2 = 0.05

MNega > WNega p = .007; MAmbi >
WAmbi p < .001; MPosi < MNega p
= .026; MPosi < MAmbi p = .037; WPosi > WAmbi p = .032;

WNega > WAmbi p = .011
Sex, F(1, 69) = 22.9; p < .001; ƞp2 = 0.25
Anxiety × Condition ×Hemisphere, F(2, 138) = 4.2; p = .018; ƞp2

= 0.06

Men > Women

N200
(160–220)

Temporo-parietal
Anxiety × Condition, F(2, 138) = 3.3; p = .039; ƞp

2 = 0.05
Condition × Hemisphere, F(2, 138) = 4.0; p = .021; ƞp

2 = 0.05
Condition × Age, F(2, 138) = 3.6; p = .031; ƞp

2 = 0.05
Condition × Hemisphere × Age, F(2, 138) = 3.9; p = .023;

ƞp
2 = 0.05

PosiR < NegaR p = .011; NegaR > AmbiR p = .001; PosiL <
PosiR p < .001; NegaL < NegaR p < .001; AmbiL < AmbiR p < .001

P250
(220–300)

Temporo-parietal
Sex, F(1, 69) = 4.2; p = .045; ƞp2 = 0.06
Anxiety × Condition, F(2, 138) = 4.1; p = .018; ƞp2 = 0.06
Avoidance × Hemisphere, F(1, 69) = 4.0; p = .049; ƞp

2 = 0.06
Condition × Hemisphere, F(2, 138) = 6.8; p= .002; ƞp

2 = 0.09
Avoidance × Condition × Hemisphere, F(2, 138) = 5.0; p = .008;

ƞp
2 = 0.07

Condition × Hemisphere × Age, F(2, 138) =
8.3; p < .001; ƞp

2 = 0.11

Men > Women
PosiL < NegaL p = .002; PosiL < AmbiL p = .025; PosiR <

NegaR p = .002; PosiL < PosiR p < .001; NegaL < NegaR p
< .001; AmbiL < AmbiR p < .001

Frontal
Avoidance × Condition × Hemisphere, F(2, 138) = 3.3;

p = .041; ƞp
2= 0.05

Age, F(1, 69) = 4.4; p = .040; ƞp2 = 0.06
LC1

(300–500)
Temporo-parietal
Anxiety × Condition, F(2, 138) = 3.6; p = .030; ƞp

2 = 0.05
Avoidance × Condition × Hemisphere, F(2, 138) = 3.1; p = .047;

ƞp
2 = 0.04

Condition × Hemisphere × Age, F(2, 138) = 5.2;
p = .007; ƞp

2 = 0.07
LC2

(500–700)
Temporo-parietal
Sex × Condition × Hemisphere, F(2, 138) = 3.1; p =

.048; ƞp
2 = 0.04

MPosiR < MNegaR p < .001; MPosiR < MAmbiR p < .001;
WNegaL > WAmbiL p = .010; MPosiL < MPosiR p < .001;
MNegaL < MNegaR p < .001; MAmbiL < MAmbiR p < .001;
WPosiL < WPosiR p < .001; WNegaL < WNegaR p < .001; WAmbiL <
WAmbiR p < .001

Frontal
Sex, F(1, 69) = 4.0; p = .048; ƞp

2 = 0.06 Men < Women
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& Hamann, 2012) have demonstrated that women responded
more strongly to negative emotional stimuli, particularly in the
prefrontal brain areas, compared with men.

Moreover, the behavioral results of the present study re-
vealed that men attributed fewer positive values to positive
socioemotional stimuli than women did, which appears to
suggest that men are less likely to express positive values on
relational contexts (Tamres, Janicki, & Helgeson, 2002). As
suggested by Buck and others (Buck, 1977, 1991; Chaplin,
2015; Levenson, Carstensen, & Gottman, 1994), this could
indicate that men become internally aroused, but “keep in”
their emotions through unknown regulatory mechanisms,

whereas women express these emotions more freely.
Consistent with this interpretation, in the present study, the
ERP data showed a main effect of sex, in which women were
observed to have shorter latencies and lower amplitudes with-
in the early occipital and temporo-parietal components, and
larger amplitudes in the late frontal component compared with
those in men.

Coherently, in the regression analyses, sex was a signifi-
cant predictor of the brain intensity, showing increased inten-
sity in the cingulate and prefrontal cortices in women com-
pared with that in men. Specifically, differences between men
and women were found in the intensity levels of the left

Fig. 2 ERPs grand average of the left and right occipital, temporo-parietal, and frontal montages in response to positive, negative, and ambiguous
conditions in men and women. (n = 74)
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Table 4 Correlations (Pearson’s r) performed between the ECR-R
scores (anxiety and avoidance) and the mean intensity of the left (l) and
right (r) Brodmann areas (BAs) for each region of interest (ROI),
including the limbic ROI [amygdala (AMG), insula, amygdala-
hippocampus junction (AHj), and hippocampus (HPC)], the anterior
cingulate cortex ROI (BA24, BA32, and BA33), the posterior cingulate

cortex ROI (BA23, BA30, and BA31), and the prefrontal cortex ROI
(BA09, BA10, BA11, BA46, and BA47), for the three conditions
(positive, negative, and ambiguous) on the event-related potential
(ERP) components (P100, N200, P250, LC1, and LC2) (Bonferroni
correction was applied with accepted p value ≤ .0003) (n = 74)

ERP ROI Positive condition Negative condition Ambiguous condition

BA Anxiety Avoidance Anxiety Avoidance Anxiety Avoidance

P100 Limbic

(80–160) lAMG r = .16; p = .1809 r = .20; p = .0836 r = .10; p = .4005 r = .32; p = .0056 r = .09; p = .4537 r = .29; p = .0111

rAMG r = .21; p = .0689 r = .41; p = .0003 r = .22; p = .0548 r = .41; p = .0003 r = .23; p = .0513 r = .45; p = .0001

lInsula r = .26; p = .0266 r = .27; p = .0193 r = .14; p = .2193 r = .27; p = .0195 r = .19; p = .1072 r = .30; p = .0094

rInsula r = .18; p = .1253 r = .36; p = .0014 r = .22; p = .0634 r = .36; p = .0019 r = .22; p = .0600 r = .40; p = .0004

lAHj r = 18; p = .1174 r = .27; p = .0195 r = .13; p = .2704 r = .37; p = .0011 r = .13; p = .2869 r = .35; p = .0021

rAHj r = 21; p = .0663 r = .41; p = .0003 r = .22; p = .0647 r = .42; p = .0002 r = .23; p = .0501 r = .44; p = .0001

lHPC r = .17; p = .1490 r = .18; p = .1198 r = .11; p = .3647 r = .26; p = .0255 r = .13; p = .2574 r = .27; p = .0201

rHPC r = .27; p = .0202 r = .41; p = .0002 r = .27; p = .0197 r = .38; p = .0008 r = .30; p = .0083 r = .43; p = .0001

ACC

lBA24 r = .22; p = .0646 r = .26; p = .0252 r = .18; p = .1328 r = .31; p = .0077 r = .21; p = .0751 r = .30; p = .0104

rBA24 r = .19; p = .1055 r = .29; p = .0123 r = .16; p = .1730 r = .33; p = .0039 r = .19; p = .1077 r = .30; p = .0103

lBA32 r = .21; p = .0738 r = .36; p = .0019 r = .20; p = .0819 r = .43; p = .0001 r = .23; p = .0537 r = .42; p = .0002

rBA32 r = .19; p = .0984 r = .35; p = .0020 r = .20; p = .0859 r = .41; p = .0003 r = .24; p = .0426 r = .44; p = .0001

lBA33 r = .22; p = .0608 r = .33; p = .0036 r = .20; p = .0933 r = .39; p = .0006 r = .22; p = .0558 r = .39; p = .0006

rBA33 r = .21; p = .0684 r = .34; p = .0031 r = .20; p = .0906 r = .38; p = .0008 r = .23; p = .0503 r = .39; p = .0005

PCC

lBA23 r = .19; p = .1065 r = .34; p = .0034 r = .13; p = .2563 r = .38; p = .0010 r = .13; p = .2634 r = .39; p = .0005

rBA23 r = .19; p = .1045 r = .40; p = .0005 r = .15; p = .2038 r = .41; p = .0003 r = .12; p = .3207 r = .41; p = .0003

lBA30 r = .23; p = .0504 r = .29; p = .0138 r = .15; p = .2153 r = .33; p = .0043 r = .19; p = .0974 r = .36; p = .0016

rBA30 r = .27; p = .0196 r = .39; p = .0006 r = .22; p = .0641 r = .40; p = .0004 r = .24; p = .0390 r = .41; p = .0003

lBA31 r = .14; p = .2212 r = .29; p = .0110 r = .09; p = .4264 r = .35; p = .0024 r = .04; p = .7634 r = .35; p = .0021

rBA31 r = .12; p = .3257 r = .37; p = .0014 r = .08; p = .5054 r = .40; p = .0005 r = −.01; p = .9617 r = .36; p = .0015

PFC

lBA09 r = .28; p = .0144 r = .33; p = .0040 r = .25; p = .0342 r = .39; p = .0005 r = .28; p = .0141 r = .37; p = .0014

rBA09 r = .17; p = .1818 r = .29; p = .0125 r = .16; p = .1792 r = .30; p = .0093 r = .13; p = .2406 r = .32; p = .0061

lBA10 r = .18; p = .1289 r = .26; p = .0259 r = .14; p = .2339 r = .30; p = .0096 r = .22; p = .0631 r = .31; p = .0071

rBA10 r = .19; p = .1010 r = .19; p = .1074 r = .17; p = .1422 r = .25; p = .0316 r = .15; p = .1910 r = .26; p = .0265

lBA11 r = .18; p = .1160 r = .35; p = .0024 r = .16; p = .1777 r = .43; p = .0001 r = .23; p = .0492 r = .41; p = .0003

rBA11 r = .13; p = .2599 r = .34; p = .0035 r = .15; p = .2075 r = .37; p = .0007 r = .16; p = .1850 r = .42; p = .0002

lBA46 r = .28; p = .0153 r = .34; p = .0027 r = .23; p = .0495 r = .35; p = .0021 r = .25; p = .0300 r = .40; p = .0004

rBA46 r = .06; p = .6099 r = .19; p = .1068 r = .07; p = .5358 r = .21; p = .0789 r = .05; p = .6726 r = .19; p = .1124

lBA47 r = .23; p = .0480 r = .32; p = .0061 r = .16; p = .1836 r = .33; p = .0036 r = .20; p = .0820 r = .32; p = .0049

rBA47 r = −.01; p = .9074 r = .35; p = .0025 r = .02; p = .8517 r = .35; p = .0020 r = .00; p = .9894 r = .40; p = .0004

N200 Limbic

(160–220) lAMG r = .10; p = .3804 r = .26; p = .0255 r = .09; p = .4533 r = .28; p = .0147 r = .06; p = .6206 r = .30; p = .0104

rAMG r = .22; p = .0646 r = .43; p = .0001 r = .18; p = .1366 r = .43; p = .0001 r = .22; p = .0542 r = .43; p = .0001

lInsula r = .20; p = .0885 r = .31; p = .0070 r = .12; p = .3123 r = .28; p = .0159 r = .16; p = .1764 r = .29; p = .0121

rInsula r = .19; p = .1088 r = .37; p = .0012 r = .19; p = .1041 r = .36; p = .0017 r = .23; p = .0512 r = .39; p = .0007

lAHj r = .13; p = .2628 r = .34; p = .0033 r = .12; p = .3056 r = .35; p = .0023 r = .10; p = .4012 r = .34; p = .0027

rAHj r = .22; p = .0641 r = .44; p = .0001 r = .18; p = .1299 r = .44; p = .0001 r = .22; p = .0647 r = .42; p = .0002

lHPC r = .13; p = .2740 r = .21; p = .0673 r = .07; p = .5606 r = .24; p = .0435 r = .09; p = .4415 r = .25; p = .0327

rHPC r = .26; p = .0250 r = .40; p = .0004 r = .22; p = .0568 r = .41; p = .0003 r = .30; p = .0101 r = .42; p = .0002
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Table 4 (continued)

ERP ROI Positive condition Negative condition Ambiguous condition

BA Anxiety Avoidance Anxiety Avoidance Anxiety Avoidance

ACC

lBA24 r = .21; p = .0797 r = .30; p = .0106 r = .13; p = .2875 r = .34; p = .0034 r = .16; p = .1789 r = .27; p = .0185

rBA24 r = .18; p = .1224 r = .32; p = .0048 r = .12; p = .3198 r = .38; p = .0009 r = .15; p = .1910 r = .27; p = .0205

lBA32 r = .20; p = .0849 r = .37; p = .0011 r = .15; p = .1953 r = .43; p = .0001 r = .21; p = .0682 r = .39; p = .0005

rBA32 r = .21; p = .0772 r = .39; p = .0005 r = .16; p = .1671 r = .44; p = .0001 r = .20; p = .0926 r = .38; p = .0008

lBA33 r = .22; p = .0641 r = .37; p = .0013 r = .15; p = .1970 r = .39; p = .0005 r = .20; p = .0875 r = .36; p = .0016

rBA33 r = .23; p = .0509 r = .38; p = .0009 r = .16; p = .1715 r = .41; p = .0003 r = .21; p = .0729 r = .35; p = .0021

PCC

lBA23 r = .15; p = .2048 r = .36; p = .0016 r = .09; p = .4247 r = .37; p = .0011 r = .09; p = .4528 r = .37; p = .0014

rBA23 r = .18; p = .1352 r = .41; p = .0003 r = .13; p = .2724 r = .38; p = .0007 r = .08; p = .4790 r = .40; p = .0004

lBA30 r = .19; p = .1045 r = .32; p = .0060 r = .10; p = .4149 r = .33; p = .0044 r = .16; p = .1690 r = .33; p = .0044

rBA30 r = .24; p = .0360 r = .39; p = .0007 r = .19; p = .1001 r = .36; p = .0016 r = .23; p = .0483 r = .40; p = .0004

lBA31 r = .10; p = .4145 r = .33; p = .0044 r = .05; p = .6515 r = .35; p = .0021 r = −.01; p = .9028 r = .33; p = .0040

rBA31 r = .11; p = .3566 r = .40; p = .0005 r = .07; p = .5802 r = .38; p = .0009 r = −.04; p = .7593 r = .36; p = .0017

PFC

lBA09 r = .23; p = .0445 r = .35; p = .0023 r = .24; p = .0408 r = .39; p = .0006 r = .27; p = .0196 r = .34; p = .0028

rBA09 r = .16; p = .1843 r = .33; p = .0039 r = .11; p = .3328 r = .34; p = .0030 r = .12; p = .2965 r = .30; p = .0086

lBA10 r = .17; p = .1438 r = .29; p = .0108 r = .12; p = .3258 r = .30; p = .0104 r = .18; p = .1257 r = .29; p = .0122

rBA10 r = .19; p = .1026 r = .23; p = .0537 r = .15; p = .2044 r = .26; p = .0227 r = .15; p = .1949 r = .20; p = .0827

lBA11 r = .19; p = .1149 r = .42; p = .0002 r = .13; p = .2728 r = .43; p = .0001 r = .21; p = .0724 r = .38; p = .0007

rBA11 r = .12; p = .2945 r = .40; p = .0004 r = .13; p = .2628 r = .41; p = .0003 r = .13; p = .2837 r = .38; p = .0007

lBA46 r = .24; p = .0408 r = .38; p = .0008 r = .21; p = .0688 r = .34; p = .0029 r = .25; p = .0306 r = .36; p = .0018

rBA46 r = .08; p = .5221 r = .24; p = .0378 r = .04; p = .7632 r = .22; p = .0586 r = .06; p = .5868 r = .22; p = .0602

lBA47 r = .20; p = .0905 r = .38; p = .0008 r = .14; p = .2400 r = .34; p = .0031 r = .18; p = .1233 r = .30; p = .0102

rBA47 r = .01; p = .9185 r = .38; p = .0007 r = .03; p = .8025 r = .37; p = .0014 r = .01; p = .9362 r = .37; p = .0012

P250 Limbic

(220–300) lAMG r = .15; p = .1928 r = .26; p = .0233 r = .06; p = .6140 r = .29; p = .0135 r = .11; p = .3673 r = .28; p = .0152

rAMG r = .21; p = .0733 r = .43; p = .0001 r = .20; p = .0851 r = .42; p = .0002 r = .22; p = .0604 r = .43; p = .0001

lInsula r = .25; p = .0353 r = .31; p = .0072 r = .13; p = .2821 r = .28; p = .0146 r = .18; p = .1161 r = .28; p = .0151

rInsula r = .18; p = .1283 r = .39; p = .0007 r = .16; p = .1746 r = .36; p = .0015 r = .22; p = .0591 r = .38; p = .0010

lAHj r = .16; p = .1692 r = .32; p = .0055 r = .10; p = .4173 r = .34; p = .0031 r = .13; p = .2645 r = .34; p = .0034

rAHj r = .20; p = .0809 r = .43; p = .0001 r = .19; p = .0982 r = .43; p = .0002 r = .22; p = .0654 r = .43; p = .0001

lHPC r = .18; p = .1190 r = .23; p = .0490 r = .08; p = .4961 r = .25; p = .0311 r = .16; p = .1779 r = .26; p = .0265

rHPC r = .26; p = .0274 r = .42; p = .0002 r = .25; p = .0295 r = .40; p = .0004 r = .31; p = .0064 r = .41; p = .0003

ACC

lBA24 r = .20; p = .0955 r = .29; p = .0112 r = .18; p = .1315 r = .36; p = .0015 r = .18; p = .1185 r = .26; p = .0279

rBA24 r = .18; p = .1177 r = .29; p = .0120 r = .14; p = .2362 r = .41; p = .0003 r = .18; p = .1303 r = .26; p = .0228

lBA32 r = .22; p = .0650 r = .40; p = .0004 r = .19; p = .1151 r = .45; p = .0001 r = .22; p = .0579 r = .41; p = .0003

rBA32 r = .23; p = .0519 r = .38; p = .0009 r = .19; p = .1134 r = .45; p = .0001 r = .22; p = .0618 r = .40; p = .0004

lBA33 r = .21; p = .0679 r = .37; p = .0012 r = .18; p = .1319 r = .40; p = .0004 r = .22; p = .0606 r = .36; p = .0017

rBA33 r = .22; p = .0635 r = .37; p = .0014 r = .18; p = .1243 r = .40; p = .0004 r = .22; p = .0558 r = .35; p = .0023

PCC

lBA23 r = .14; p = .2207 r = .36; p = .0017 r = .12; p = .3263 r = .38; p = .0008 r = .12; p = .3277 r = .38; p = .0009

rBA23 r = .16; p = .1797 r = .40; p = .0004 r = .14; p = .2486 r = .42; p = .0002 r = .12; p = .3259 r = .41; p = .0003

lBA30 r = .22; p = .0649 r = .32; p = .0061 r = .13; p = .2763 r = .33; p = .0036 r = .20; p = .0899 r = .35; p = .0021

rBA30 r = .26; p = .0262 r = .39; p = .0005 r = .21; p = .0753 r = .39; p = .0006 r = .26; p = .0228 r = .39; p = .0005

lBA31 r = .08; p = .4729 r = .33; p = .0039 r = .07; p = .5730 r = .35; p = .0023 r = .02; p = .8403 r = .34; p = .0036
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Table 4 (continued)

ERP ROI Positive condition Negative condition Ambiguous condition

BA Anxiety Avoidance Anxiety Avoidance Anxiety Avoidance

rBA31 r = .08; p = .5061 r = .39; p = .0007 r = .07; p = .5331 r = .40; p = .0005 r = −.02; p = .8589 r = .36; p = .0015

PFC

lBA09 r = .26; p = .0279 r = .38; p = .0008 r = .21; p = .0673 r = .37; p = .0011 r = .27; p = .02003 r = .35; p = .0022

rBA09 r = .16; p = .1872 r = .30; p = .0094 r = .10; p = .4019 r = .32; p = .0051 r = .14; p = .2489 r = .28; p = .0153

lBA10 r = .21; p = .0757 r = .32; p = .0048 r = .14; p = .2482 r = .29; p = .0125 r = .18; p = .1285 r = .29; p = .0131

rBA10 r = .21; p = .0735 r = .24; p = .0393 r = .16; p = .1737 r = .26; p = .0282 r = .17; p = .1601 r = .21; p = .0784

lBA11 r = .19; p = .1017 r = .43; p = .0001 r = .16; p = .1806 r = .44; p = .0001 r = .20; p = .0848 r = .40; p = .0004

rBA11 r = .14; p = .2250 r = .40; p = .0004 r = .10; p = .3872 r = .40; p = .0004 r = .12; p = .2997 r = .39; p = .0005

lBA46 r = .26; p = .0284 r = .39; p = .0007 r = .19; p = .1075 r = .36; p = .0018 r = .23; p = .0440 r = .37; p = .0013

rBA46 r = .05; p = .6517 r = .22; p = .0600 r = .01; p = .9222 r = .19; p = .1012 r = .05; p = .6960 r = .18; p = .1355

lBA47 r = .21; p = .0673 r = .37; p = .0014 r = .14; p = .2266 r = .34; p = .0029 r = .18; p = .1192 r = .32; p = .0063

rBA47 r = −.01; p = .9241 r = .37; p = .0012 r = −.04; p = .7499 r = .36; p = .0018 r = −.02; p = .8817 r = .37; p = .0011

LC1 Limbic

(300–500) lAMG r = .15; p = .2036 r = .26; p = .0236 r = .08; p = .5018 r = .30; p = .0089 r = .11; p = .3545 r = .24; p = .0388

rAMG r = .23; p = .0509 r = .43; p = .0002 r = .19; p = .0990 r = .45; p = .0001 r = .24; p = .0430 r = .41; p = .0002

lInsula r = .23; p = .0484 r = .29; p = .0198 r = .16; p = .1814 r = .31; p = .0066 r = .21; p = .0773 r = .28; p = .0169

rInsula r = .21; p = .0731 r = .37; p = .0013 r = .19; p = .1115 r = .40; p = .0004 r = .21; p = .0709 r = .35; p = .0024

lAHj r = .18; p = .1177 r = .33; p = .0041 r = .12; p = .2994 r = .37; p = .0012 r = .15; p = .2148 r = .29; p = .0126

rAHj r = .24; p = .0432 r = .43; p = .0002 r = .20; p = .0928 r = .46; p = .0001 r = .23; p = .0458 r = .40; p = .0004

lHPC r = .17; p = .1485 r = .23; p = .0507 r = .11; p = .3743 r = .27; p = .0211 r = .13; p = .2800 r = .21; p = .0665

rHPC r = .28; p = .0160 r = .42; p = .0002 r = .25; p = .0322 r = .42; p = .0002 r = .31; p = .0074 r = .40; p = .0005

ACC

lBA24 r = .21; p = .0661 r = .28; p = .0166 r = .18; p = .1233 r = .34; p = .0033 r = .19; p = .1032 r = .25; p = .0318

rBA24 r = .18; p = .1193 r = .30; p = .0095 r = .16; p = .1580 r = .37; p = .0010 r = .18; p = .1221 r = .25; p = .0298

lBA32 r = .23; p = .0496 r = .38; p = .0008 r = .19; p = .1054 r = .45; p = .0001 r = .24; p = .0367 r = .39; p = .0007

rBA32 r = .23; p = .0472 r = .38; p = .0010 r = .20; p = .0832 r = .43; p = .0001 r = .24; p = .0384 r = .38; p = .0009

lBA33 r = .24; p = .0378 r = .36; p = .0018 r = .20; p = .0840 r = .41; p = .0003 r = .23; p = .0525 r = .34; p = .0026

rBA33 r = .24; p = .0392 r = .36; p = .0019 r = .21; p = .0796 r = .41; p = .0003 r = .23; p = .0535 r = .34; p = .0032

PCC

lBA23 r = .18; p = .1359 r = .36; p = .0014 r = .11; p = .3559 r = .41; p = .0003 r = .10; p = .3972 r = .36; p = .0016

rBA23 r = .18; p = .1245 r = .40; p = .0004 r = .14; p = .2506 r = .43; p = .0001 r = .11; p = .3634 r = .39; p = .0005

lBA30 r = .21; p = .0706 r = .33; p = .0042 r = .13; p = .2533 r = .37; p = .0012 r = .17; p = .1456 r = .32; p = .0052

rBA30 r = .25; p = .0291 r = .39; p = .0006 r = .22; p = .0622 r = .41; p = .0003 r = .25; p = .0303 r = .38; p = .0009

lBA31 r = .12; p = .3276 r = .33; p = .0037 r = .06; p = .5979 r = .37; p = .0012 r = .01; p = .9325 r = .32; p = .0051

rBA31 r = .11; p = .3344 r = .39; p = .0006 r = .06; p = .6195 r = .41; p = .0003 r = −.02; p = .8984 r = .35; p = .0021

PFC

lBA09 r = .25; p = .0302 r = .37; p = .0012 r = .26; p = .0283 r = .39; p = .0005 r = .27; p = .0199 r = .35; p = .0026

rBA09 r = .14; p = .2389 r = .28; p = .0157 r = .13; p = .2732 r = .31; p = .0080 r = .14; p = .2241 r = .28; p = .0168

lBA10 r = .19; p = .1129 r = .30; p = .0098 r = .14; p = .2272 r = .31; p = .0063 r = .20; p = .0893 r = .28; p = .0165

rBA10 r = .18; p = .1212 r = .21; p = .0683 r = .18; p = .1282 r = .26; p = .0282 r = .16; p = .1708 r = .23; p = .0525

lBA11 r = .21; p = .0723 r = .38; p = .0008 r = .13; p = .2898 r = .45; p = .0001 r = .25; p = .0328 r = .37; p = .0012

rBA11 r = .15; p = .2137 r = .36; p = .0015 r = .11; p = .3572 r = .41; p = .0003 r = .16; p = .1692 r = .36; p = .0025

lBA46 r = .26; p = .0274 r = .40; p = .0004 r = .21; p = .0785 r = .38; p = .0009 r = .28; p = .0176 r = .37; p = .0011

rBA46 r = .06; p = .5865 r = .18; p = .1317 r = .03; p = .7861 r = .18; p = .1266 r = .05; p = .6935 r = .19; p = .1046

lBA47 r = .23; p = .0531 r = .35; p = .0025 r = .13; p = .2591 r = .37; p = .0010 r = .22; p = .0572 r = .30; p = .0083

rBA47 r = .01; p = .9342 r = .35; p = .0021 r = −.01; p = .9114 r = .37; p = .0012 r = −.00; p = .9800 r = .35; p = .0021

LC2 Limbic
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anterior cingulate (BA32), the right posterior cingulate (BA23
and BA31), and the left prefrontal cortex (BA11), in response
to negative socioemotional stimuli, whereas differences were
found only on the left prefrontal (BA11) in response to the
positive condition and only on the right posterior cingulate
cortex (BA23) in response to the ambiguous condition.
These findings suggested that the women appeared to be more

responsive to the socioemotional cues, primarily to the nega-
tive cues, compared with the responsiveness of men
(Proverbio et al., 2009).

In contrast to our findings for avoidance, the anxiety di-
mension did not show any significant associations with any
brain intensity, suggesting that anxiety may be less associated

Table 4 (continued)

ERP ROI Positive condition Negative condition Ambiguous condition

BA Anxiety Avoidance Anxiety Avoidance Anxiety Avoidance

(500–700) lAMG r = .18; p = .1303 r = .24; p = .0432 r = .13; p = .2771 r = .31; p = .0065 r = .11; p = .3516 r = .26; p = .0267

rAMG r = .22; p = .0541 r = .43; p = .0001 r = .23; p = .0492 r = .44; p = .0001 r = .21; p = .0670 r = .44; p = .0001

lInsula r = .25; p = .0327 r = .30; p = .0096 r = .19; p = .1056 r = .32; p = .0049 r = .19; p = .1014 r = .28; p = .0155

rInsula r = .21; p = .0700 r = .36; p = .0018 r = .19; p = .1091 r = .39; p = .0005 r = .18; p = .1198 r = .39; p = .0006

lAHj r = .21; p = .0799 r = .31; p = .0071 r = .17; p = .1611 r = .38; p = .0007 r = .15; p = .2097 r = .31; p = .0076

rAHj r = .23; p = .0478 r = .43; p = .0001 r = .23; p = .0470 r = .45; p = .0001 r = .22; p = .0620 r = .42; p = .0002

lHPC r = .20; p = .0922 r = .22; p = .0557 r = .13; p = .2827 r = .28; p = .0177 r = .14; p = .2520 r = .24; p = .0409

rHPC r = .29; p = .0126 r = .42; p = .0002 r = .27; p = .0199 r = .42; p = .0002 r = .29; p = .0132 r = .42; p = .0002

ACC

lBA24 r = .22; p = .0559 r = .29; p = .0137 r = .20; p = .0950 r = .33; p = .0045 r = .18; p = .1327 r = .25; p = .0342

rBA24 r = .18; p = .1208 r = .31; p = .0082 r = .18; p = .1244 r = .35; p = .0020 r = .17; p = .1605 r = .25; p = .0337

lBA32 r = .25; p = .0330 r = .39; p = .0007 r = .21; p = .0739 r = .44; p = .0001 r = .22; p = .0566 r = .38; p = .0007

rBA32 r = .23; p = .0500 r = .39; p = .0006 r = .21; p = .0668 r = .43; p = .0001 r = .21; p = .0760 r = .39; p = .0006

lBA33 r = .26; p = .0268 r = .37; p = .0012 r = .23; p = .0525 r = .41; p = .0003 r = .21; p = .0705 r = .35; p = .0022

rBA33 r = .25; p = .0315 r = .37; p = .0011 r = .23; p = .0481 r = .41; p = .0003 r = .22; p = .0657 r = .35; p = .0023

PCC

lBA23 r = .17; p = .1485 r = .35; p = .0022 r = .11; p = .3401 r = .42; p = .0002 r = .12; p = .3067 r = .39; p = .0006

rBA23 r = .18; p = .1369 r = .40; p = .0004 r = .15; p = .2186 r = .44; p = .0001 r = .12; p = .3287 r = .42; p = .0002

lBA30 r = .23; p = .0476 r = .32; p = .0062 r = .14; p = .2232 r = .38; p = .0010 r = .19; p = .1014 r = .35; p = .0020

rBA30 r = .27; p = .0184 r = .39; p = .0007 r = .23; p = .0457 r = .41; p = .0003 r = .24; p = .0404 r = .41; p = .0003

lBA31 r = .11; p = .3518 r = .32; p = .0053 r = .06; p = .5976 r = .38; p = .0008 r = .02; p = .8670 r = .35; p = .0024

rBA31 r = .09; p = .4497 r = .38; p = .0008 r = .08; p = .5128 r = .42; p = .0002 r = −.01; p = .9673 r = .37; p = .0010

PFC

lBA09 r = .26; p = .0249 r = .36; p = .0014 r = .25; p = .0289 r = .39; p = .0006 r = .26; p = .0272 r = .34; p = .0029

rBA09 r = .15; p = .1988 r = .31; p = .0072 r = .15; p = .2154 r = .33; p = .0041 r = .15; p = .2107 r = .30; p = .0090

lBA10 r = .20; p = .0840 r = .29; p = .0138 r = .19; p = .1096 r = .35; p = .0026 r = .18; p = .1364 r = .27; p = .0198

rBA10 r = .19; p = .1026 r = .19; p = .0991 r = .19; p = .1118 r = .27; p = .0206 r = .15; p = .2084 r = .22; p = .0650

lBA11 r = .22; p = .0561 r = .36; p = .0015 r = .19; p = .0997 r = .44; p = .0001 r = .23; p = .0462 r = .36; p = .0014

rBA11 r = .14; p = .2434 r = .34; p = .0033 r = .13; p = .2546 r = .41; p = .0003 r = .12; p = .3127 r = .38; p = .0009

lBA46 r = .26; p = .0238 r = .40; p = .0005 r = .22; p = .0565 r = .36; p = .0015 r = .25; p = .0329 r = .36; p = .0014

rBA46 r = .06; p = .6360 r = .20; p = .0908 r = .04; p = .7513 r = .20; p = .0906 r = .03; p = .7849 r = .19; p = .0978

lBA47 r = .23; p = .0488 r = .32; p = .0049 r = .21; p = .0644 r = .37; p = .0013 r = .21; p = .0798 r = .29; p = .0112

rBA47 r = −.01; p = .9092 r = .35; p = .0026 r = −.03; p = .7951 r = .36; p = .0015 r = −.03; p = .8304 r = .37; p = .0014

Note. ACC = anterior cingulate cortex; PCC = posterior cingulate cortex; PFC = prefrontal cortex

p value ≤.0003
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with the neurobiological pathways during socioemotional
tasks (Ran & Zhang, 2018; Vrtička et al., 2008).

The ERP data showed that age was negatively associated
with the latency of the P250 component in the frontal

montage; however, this finding should be considered in light
of the specific age range recruited for this study and which
characterized the final sample (18–35-year-olds). This result
could reflect the greater emotional involvement and the

40 

= men (n = 37) 

= women (n = 37)

Fig. 3 The associations in men and women between avoidance (x-axis)
and the Brodmann areas (BA) intensity (y-axis) where the Sex ×
Avoidance interaction resulted as a significant predictor (.002 < p >
.047) in the regression model (at P100, N200, P250, LC1, and LC2

components). In all the significant Sex × Avoidance interactions, the
women showed more pronounced positive association compared with
men. (n = 74)
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lowered inhibition in intimacy during relationships that occur
with increasing of age, as reported in previous studies
(Levenson et al., 1994; Radmacher & Azmitia, 2006).

Our study has some limitations. The scores of the attach-
ment dimensions were assessed by a self-administered ques-
tionnaire, which could potentially favor social desirability bias
and the acquiescent response bias. Due to the small age range
of the participants (18–35 years), these findings cannot be
generalized to populations with different ages.

In conclusion, the findings of the present study showed that
women appear to be more emotionally involved during a
socioemotional task. Avoidance was positively associated
with the cingulate and prefrontal intensity levels, and these
associations were more pronounced in women. These findings
suggested that avoidance appears to represent two different
socioemotional strategies, in which women appear to activate
the avoidant strategy to modulate higher emotional involve-
ment in relationships, whereas men appeared to adopt it with a
more intense emotional suppression.

Whether these differences are inherited or whether they are
linked to more complex sociocultural factors associated with
the social learning of stereotypical sex roles remains unclear
(Lungu, Potvin, Tikàsz, & Mendrek, 2015). How sociocultur-
al factors modulate the associations between avoidance attach-
ment and brain activation should be explored in the future.

From a clinical perspective, the findings of this study sug-
gested that the avoidant attachment could require different
levels of attention when treating men and women, with the
treatment of avoidant women focused on the regulation of
emotional hyperactivation.

In conclusion, based on the present results, future research
that examines the neural correlates of avoidant attachment
styles should consider sex-related differences.
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